
that there are pits between the apical and adjacent cells
of Dicty~ which allow continuity between the cells. The
size of the sieve pores is specific, although the pores
may be slightly different in different regions of si.ze
plant, as well a.:;:: in different aged plants (Scllmitz~
1981). An incraase in pore size, decrease in the amount
of callose deposition and the loss of organelles, is
believed to be associnted wit:11'ian advance in evolution
(Lee, 1980). For example, ~adroc2stJl~ is suggested to be
the most advanced genus d.ueto its large pores (2.4-
6.0~m), lack of callose and enucleated state (Sideman &
Scheirer, 1977). The midrib cells of Q. longifolia appear
to have pores in the longitudinal walls (Pl. 12, F & G).
The pores of brown algae are reported to fd.therbe
arranged in pitfields or to be scattered. without doing a
more detailed study the arrangement of the pores of Q.
longifoliq cannot be determined howevez I they appear to
be scattered.

Most of 'thework performed on.translocation and tht!~
related tissue types r has been performed on member~; of
the Laminariales (sideman & Scheirer, 1977) although
the:t'ehas been some wor]cperformed 011 members of the
Dictyotales. Katsaros and Galatis (1988) reported similar
observations to those discussed above for ~. longif.olis.
in Pictyopteri§, membranacea. They observed au epidermis,
cortex and medulla. The latter is report~,d to be composed
of long (300IJm),slender c~lls having thickened
longitudinal walls with pf.asmodesntatia , The cel1:!.~are
similar, in many ways, to the sieve elements r.eported in
other brown algae, especially members of the
Leuuinariales. These cells are most abundant in older
parts of the frond where a midrib has developed. The
dia.meter of the pores in these cells of ~ ..membranace§
are reported to be 0.06-0 .10i-noR (Katsaros & Galatis,
1908). The elongated cells, unlike those in othcr brown
alla-aeI retain their organelles t although there is some
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sign of degeneration. 'rhere is also no callose deposition
and the cells are not trumpet shaped. It is however,
believed that these cells are used in transport and that
they are an simple stage in the evolution towardS sieve-
like elements (Ka·tsaros & Galatis I 1988). Unfortunately,
a detailed study Qf the elongated cells in u. longifolia
was not undertaken however, it is presumed that the cells
in this species are simi:J..arto those reported in no
m@l1tbralli!cea(Katsaros & Galatis, 1988). Although no
translocation studies have been-performed on members of
~ct~op~eri~, it is believed that, due to the size that
the plants attain (60cm or more) and the presence of
longitudinal midrib cells with pits, translocation does
occur.

4.9.4 Structure of the Epidermal Cells

The epir.lr~rmisor outer layer of cells in n. longi.folia is
composed of a single layer of cells completely covering
both sidlesof the lamina. The cells appear to be similar
in the wing and the midrib as well as in longitudinal
section (Pl. 12, H-M). They are rectangular and ar~
smaller than the cells of the rest of the lamina (about ~
the $ize; approximately 18ILm wide and 30ILlUlong).
Katsaros and Galatis (1988) report that the epidermal and
meristodermal cells of .12,. membranacea are similar to each
other and smaller than the cortic~l and medullary cells.
Th~ epidermal cells have a high concentration of
chloroplasts and, due to this and the position of the
cells on the outside of the lamina, photosynthesize a
great deal. The photosynthates are transpl.)rtedfrom the
api-dermis to other areas of the plant (Buggeln, 1983). In
the basal regions of the Laai.na, the epidermis develops
into the meristoderm and gives rise to the r.hizoids. A
single cell appears to protrude to the exterior and
divide (PI. 13, A)., The cell at the base the:n divides
repeatedly. The epide~~al cells appear to divide
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longitudinally and perpendicular to the surface (Pl. 13,
L), whilst the cells. of the meristoderm divide parallel
to the surface (Pl. 13, B-G). The exterior of the
meristoderm is covered in a layer of material, the
compositi.on of which was not determined (Pl. 13, U). This
extends over the cells in the initial sta.ges of rhizoid
prodUction and may provide protection to the vulnerable
meristoderm cells or aid in adhesion of the rhizoj~s.
Davies et sl. (1973) report that the cells of the
nleristoderm which give rise to the haptera in Lam.in.ru;:i?,
are highly secretory and release muci.lage for prote.c;ti~n
and adhesion. The composition of t,heIDf.rterialcovering
this rf;)gionin ll. lonw~ was not: identified, how~veJ;',
comprehensive staining with a varJ.et.yof' stains may
indicate the nature of th~ :materiaL. Kat.sa.rosand !Gala'tis
(1988) report that there are thin cross w~lls ill the
cells of the meristoderm near the base of Q.. !Rem.b:r:~:us9.¢tl:,
which are similar to those observed in .0.. 1.9JJ...qj.f6L\%!U"t.
13, G, K-L).

In many regions there is a layer between the dividl.Il<J
mer.istoderm c~lls and the rhizoids. The layer appears to
be composed of small cells or large granules (Pl. 13, J-
L). It is believed however, that these structures may be
u layer of meristodermal cells in a different plane, as
t,hey strongly resemble a row of meristodermal cells in
median, transver::;eplane in sections of lll;.Qtl!ota
dichotorna (Katsaros & Galatist 1985). Buggeln (1983)
reports that the lueristoderm cells of members of the
Lamin~rials.s and Fucales contain large numbers of
physodes and tha·t these :release polyphenols into the
water (possibly Lnvof ved in herbi vore and epiphyte
deterrence). 'rhe darkened appearance of the meristoderlnal
and rhizoidal cells at the base of t.he lamina suggest
that these cells contain a large nUmber of physodes (Pl.
10, H; Pl. 1.3,B) which probably have a similar funct.ion.
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4.9.5 Surface Appearance of Epidermal cells

The surface appearance of the epidermal cells are
markedly different in the different regions of the
thallus. Even in young laminae, which lack a well
developed midrib, thl;.'9 are differences in the surface
appearance of the epidermal cells (Pl. 14, A-C). The
midrib epidermal cells are narrow and elongated in
surface appearance (Pl. 14, F-R) and are ea~ily
distinguished from the more irregular shape of the wing
epidermal cells (Pl. 14, I-L). An important
distinguishing feature of the midrib cells is the fact
that they divide longitudinally while the wing epidermal
cells seem to divide in all directions. An interesting
feature of the wing epidermal cells is that there appear
to be different densities and arrangements of cell
contents in different regions of the lamina, eg in some
areas the contents are adpressed against the walls,
whilst in others they are scattered or concentrated
around the nucleus (Pl. 3.4,J-L). This could possibly be
due to the diffeJcent ages of the regions or due to their
i.nvolvement in different activities, eg growing r

'thickeninq, formation of dichotomies.

4..9.6 Holdfnst

The strength of atta.chment to thE" substratum is a
function of ~he dagree of stress that the organism is
placed under, and is an adaptation to the wave swept
environment in intertidal organisms (Chapman & Chapman,
1.973). The struoture of the holdfast is thus adapted to
malntaining the plant in poad tit....-n under varying
conditions. The holdfast of U. longilo1ia may develop to
a few centime'l:resin diameter (Section 4.7.1.1). It is
composed af. a mat of entangled rhizoids which give rise
to numerous laminae (Pl. 15, B; Section 4.7.2.6). There
is a central. core of cells which appear: to be similar to
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those of the midrib (Pl. 15, C; Fig. 51, F; Fig. 52, H).
Rhizoids similar to those of the holdfast ~~ere also
observed nearer the apex of the l~minae on the midrib
(Pl. 15, 0). 1.1hese rhizolds became longer in the regions
nearer the base of the lamina (Pl. 15, G). The rhizoids
produced by the superficial meristoderm are branched and
multicellular with, in most cases, a pointed tip (PI. ~5,
K & N). occasionally tips were observed which had a
spherical shaped terminal end (Pl. 15, 0 & Pl. These ar.e
believed to be rhizoids \l7hichhad become properly
attached to the substratuln, prior to removal for
microscopy. There were also the "jig-saw tips" observed
in spores (see section 4.12.2). The latter type of
I'hizo:ldis belj,eved to be caused by changes in the
nutrient status. The rhizoids grow into the cr~cks and
crevices of the substratum and, in many species: ar.e
report.ed to adhere due to the presenC', of mucilage (Tovey
& Moss, 1!L'8). The struoture of a rhizoidal holc1fast such
as that of ,Q. longit:olj,a,is such that the firmest
attachment to the substratum is achd.evod,

Tufts of llairs were observed in sunken pits on both
surfaces of laminae from the field and from sections of
material grown in culture (PI. 16; A-D). The presence of
surface hairs appears to be a common featu7ce in members
of the genus D.icty(')pt,er.is.'llheyhave been reported in ,Q.

crassinervia (Zanardini) sc~midt (Allender & Rraft,
1983), Q. muelleri, ~. ~ (Sonder) Askenasy and ~.
nj.gricans (Womersley, 19137; Clayton, pers. comnt.). Hairs
with a basal mel~istem have also been reported in Dictll"o:i;;a
gichotoma (F'ritsch, 1945). Old and deformed tufts were
also ~ccasionally observed (Pl. 16, E & F). The blunt
tipped hairs (Pl. 16. J & 0; Fig. 53) in D. longifolia
appeared to push through the epidermis lay:nr and were
multicellular with various cell contents visible (Pl. 16,
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G-I: Fig. 53). The interesting dark brown structures
visible in many of the hairs (Pl. 16, L-N) and which
caused an indentation of the cell wall of the hairs, are
thought to either be pale chloroplasts, physodes,
endoparasites (due to their effect on the wall) or
symbionts which influence the deposition of the wall.
Virus-like infecti.onshave been reported in members of
the brown algae (Clitheroe & Evans, 1974); however, the
inclusions observed in this species would have to be
studied in much greatft.!rdetail before any conclusion
could be made. Physodes and pale chloroplasts are
reported to occur commonly in the hairs of members of the
Dictyotales (Clayton, pers. commj , "True hairs II are
reported to be colorless with only the remnants of
plastids remaining in them (Fletcher, 1987). oate.s and
Cole (1987) however, report that no algal hairs have
chloroplasts. The hairs observed in~. longifolia are
trichctnallic, ie they divide from the base (the basal
cells are small and densley packed with cell contents
whi.lst those further away are larger any less densley
packed; PI. 16, P; Fig. 53). Tufts of hairs wl'lichappear
to be very similar to those observed in this study, are
reported in B~clathrus (Oates & Cole, 1987). The hairs
reported in the latter example are also found in pits
with very short, metabolically active cells at the base
and eJongated cells near the tip. It is believed that the
hairs found on algal thalli :mayenhance nutri~nt uptake
by increas1.ngthe surruce area (Norton at al_, 1981,
1982; Fletcher, 1987)~ The same authors report that some
species have hairs on the sInall, juvenile stages which
grow in the lower water velocity layers near the
substratum. Small plants also have reduced area for
nutrient absorption and thus require a mechanism of
increasing the surfaoe area, such as the production of
hairs. These pla.nts lose the hairs when reaching
adulthood. Thp.reare also suggestions that surface hairs
aid in desiccation resistance and secretion (Whitton,

.1
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1988). The same author reports th.at hairs may form under
high light and changing nutrient conditions and could
thus be adapt.ed to maximize sudden bursts of nutnients.
Pletcher (1987) also reports that hair production in
brown a.lgae is a response to the nutrient status of the
medium. Some algae are reported to only produce hairs in
the field (Whitton, 1988). It has also been reported that
the production of hairs of FucuS species increases in
summer when there is an increase in phosphate uptiake

(Hurd & Dring, 1990). Hairs were most common in olde~
cultures of n. longifolia, in which the water had not
been recently changed and which were thus experiencing
nutrient depletion. They were also common on individuals
living in very small pools in the field. They were
however, also observed on plants growing in the highly
wave swept areas that experience constant water (and thus
nutrient) turn over. In the field, the hairs were present
throughout the yaar but were most abundant near the end
of the year. No hairs were visible in July whilst all th.e
site.::;had plants wi-tIlhairs in September, and Hand H+
lacked theln III October. This seasonality could be caused
by a change in temperature, change in nutrient status or
possibly by an increase in light intertsity.

4.9 ..8 Other structural Observations and Associations
of !!- Inng,ifolia.

Various other structures were observed growing from or
ascoof.atied~lJth, the Lamd.na'lsurface of 12. J..Qng;i.folig.A
superficial investigation of these structures was
performed.

4.9.8.1 Ha.tr··likestructures

Regularly distributed cluntps of hair-like structures,
which were shorter than the other hairs (Section 4.9.7)
and interspersed with finer hairs, were observed on both
surfaces of 12. longifo,.lia~ These structure were observed
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on matieri.a.L collected at various times of the year and
were observed to grow from depressions on the la~inal
surface of plants from all the sites (Pl. 17, A-D). They
are thought to be epiphytic algae of some type. without a
more intensive ultrastructuraJ. stnidy, these structures
could not be identified.

4.9.8.2 Wound-Like cavities

The deep wounds, which were observed to extend through a
few layers of tissu~, are thought -tohave been caused by
fr "gal infections. "...tisconclusions was based on the
"hazy", fine grained areas (Pl. 17 f E-G) \«1hichwere
observed i11the cavities, and which are u511ally
associated with fungus. The cultured material in which
these cavities were observed, was treated with an
antibiotic but not a fungicide. The regular appearance of
similar structures indicates that it is unlikely that the
wounds are due to physical damage during handling.

4.9.8.3 Algal Epiphytes

There were a number of epiphytic algae associated with n.
longifolia (most were red algal species) and Which diu
not appear to affect the thallus structure or inhibit
growth (Pl. 17 H-M). The newly produced sections of
laminae were relatively clear of epiphytic growth. There
were relatively few epiphytes on !l. longifoli~, when
comparing this species to members of the red or green
algae with a similar laminal structure. This observation
could be due to the release of phenols from the landnae
of 11. long:i.folia,Which is repoi:ted to have an inhibitory
effect on bacterial growth and herbivory (Hay et:M,.;
1988), and may thus also inhibit epiphytic growth. There
are reports that Dictyotalean algae, especially towards
the end of the growth period, exhibit heavy epiphytism
(King & Farrant, 1987) and it is thought that this may
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cause an increase in lamina breakdown in _l?argassum
aol~ph~llum (Dewreede, 1976~ in Santelices, 1977). The
composition of the epiphytic community on members of a
monospecific population, is reported to be affected by
the degree of wave exposure and the type and amount of
sediment that is trapped (Gibbons, 1988). It would be
in'teresting to determine whether wave exposure has any
effeci~ on the epiphyte populations on .Q.. lcngifolia.

4.9.8.4 Sloughing Epidermi's

The sloughing epidermis which was occasionally observed
to occur on sections of n. longifolig lamina in culture
(PI. 17, N-P), is believed to be a mechanism to rid the
plant of epiphytes. There are reports of other members of
the Phaeophyceae undergoing epidermal sloughing, eg
Ascop,hyllum nodosulq which is relatively epiphyte-free
(li"ilion-Myklebust & Norton, 1981; Fries, 1991). Kitching
(1987) reports that some epiphytes overcome this removal
technique by lodging in the cryptostmllata of Jlimanthalia
elong_atc;!.The pr.ocess was never observed in the field or
on large sections in oul,t,ure, and thus there ,is a
possibility that ~he sloughing observed in n. longifolia
may have be on initiated by damage caused during
preparation of b~lln11 sect.Lor s,

4.9.8.5 Herbivores

No·t many animals were observed to feed on Q. longi.folia,
which is believed to be unpalatabl~ due to the presence
of phonols and other secondary metabolite, fish-
deterrertts such as those described for other members of
the Dictyotales (Gerwic:k, 1981; i'JLittler &rt;. M., 1983).

However I fisb bites and sma lL r·;rbivore damage was
occasionally observed on the laminae of n. longifolia
(PI. 17 I S; Fig. 54~ D). The polychaete Eseudonere:i.Et
varJegata was frequently observed living on the plant.
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This animal did not appear to eat the laminae, but caused
severe deformation by :i.'ollingtbe basal laminae wings
inwards to build its nest (PI. 17 I Q-R). Hay gt al.
(1988) report that Dictyopteris delicatula, which does
produce a chemical known as Dictyoptene for «efence, iSI

preferred by immobile herbivores such as polychaetes.
Fish are repor~ed to avoid feeding on this species and
this reduces the possible predation of the immobile
herbivores. The same authors rep,.rt that another species
of nigtyopteris is eaten by fish but not by small
herbivores, indicating that there may be some difference
in the defence mechanisms in differ.e~t species (Hay et
al., 1988). Van Alstyne (1988) reports that after Fucus
laminae were damaged, the phenolic production increased
in the wouuded area and the nearby laminae. The damaged
plants were avoided by herbivorous snails a few days
after damage. This leads to spatial and temporal changes
in herbivore prefer~nce. There is also reported to be a
seasonal change in herbivore concentration due to
environmental factors such as wave intensity and
temperature. Seasonal variation in the production of
phenolics in Fucus (Zavodnik, 1981) possibly leading to
aeasonat increases in palatability and thus increased
grazing, has also been reported. There are reports of
wave exposure greatly affec~ing herbivore abundance and
thus plant condition, eg the abundance of the sea urchin,
DiadslTIa,is reported to increase with an increasca in wave
exposure (Foster, 19877 McQuaid gt 21., 1985). Different
'types of herbivores predominate in different areas, eg
snails are found predominantly in loW wave m':~Qsure areas
as they are removed frum the laminae in the more Wave-
swept environments (Dring, 1982; Petraitis, 1987).
Littler et a1. (1983) report that rubbery or touqh,
leathery species are most :a:-esistantto 9razer~ due to tlt~T
presence of strengthening tissue" 'l'h.a pr("dvJct~.on(.)i; such
strengthening tissue and antihe:r.biv)reIUutabcUtes is at
the expense of producti vity and results in a lowel'growth

) I

'j"

286



rate, decreased digestibility, lower nutritive vatue and
decreased competibility, ie energy goes into
manufacturing other tissue or substances instead of
photosynthetic tissue (Gerwick I 1901; Ln Litt.1er at li.,
1983). ll.l.ongifolia,is reported to abra(k\:only slightly
when compared to other in·tertidal species from the same
region, This is probaby due to the pl:esence of
strengthening tissue in the thallus (Savage, in prep.).
It is also reported to re.nk low in the preference trials
for the herbivorous snail, Littorina (Savage, in prep.).
Suren (1989) reports that herbbTores prefer dead tissue
to living matter because the antihe:rbivore substances in
the fornlerhave either leaked out or degraded. Phenolics
released into the water may decrease the epiphyte an~
bacterial corrcamtnatii.o»around the plant, as well as
acting in wound-healing (van Alstyne, 1988). Hannaoh and
santel.ices (1985) report that there is some difference in
preference of herbivores for the gametophyte and
sporophyte stage of isomorphic specd.es , This is believed
to be due to differences in tl.).echemical or structural
composition of the stages. Periwinkl.es are reported to
graze on young sporelings of ,~cus but benefit the older
plants by removing the epiphytes instead of grazing on
the thallus (Lubchenco, 1983). An Increase in consumption
of seaweed thallus does however, lead to a greater
release of nitrates into the water from faecal waste, and
a subsequent increase in the productivity of the
surrounding plants (sterner, 1986). Herbivory, even by
very small herbivores, may weaken the plant to such a
degree that laminae or entire plants may be lost during
periods of high wave exposure. Antiherbivore metabolites
and stl:engthening tissue such as that in .Dict!l~teris may
be an advantage (despite a decrease in production) due to
the increased survi'\falchance in wave exposed areas.
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4.10 REGE~ERATION

In areas of nigh wave exposure, where plants are
frequen'tly r;amag~d, there has to be HQn\H ~llethod.for
healing and replt'ilcement of plant tb::sl1e. Regeneration (.)r
replacement o;F rE:>:movedlaminae keeps the plant. perennia:1.
(Paula & Eston, 1987) despite seasonality of herbivor.es
and high wave exposure. The Illost common situation in
brown macroalgae appears to be a perennial holdfast organ
and annually regenerating laminae I t<'JbichLs known as
"pseudoperennial growth It (Palmisano & Sheng, 1S17; Nort'.m
at aIel 1981; de Paula & de Oliveira, 1982; Dawes &
Tomasko, 1988). Examples of this type of C;)yowthare the
holdfast$ of Phaeost:;r:oll!.;,j.onirregulare which are reported
to be more resistant to extreme cc.ndd,tions tllan the
laminae {Mathieson; 1982a). Regeneration is not billy
.important in recovery from damaqe, but the speed and
degree of regeneration is a vital consideY.'ation in the
commercial harvesting of seaweeds, eg there is reported
to be greater regeneration of harvested Asco_ph~llum
nodos~m from sheltered areas than from wave exposed
areas. TL0re are nUmerous studies involving aspects of

regeneration in commercial species, e9 Nereocystis
luetkean~ (Roland, 1985), Lamina~ia longicrurj.s a~d~.
digitatA (smith, 1985). Reg~neration po~ential is also
:i.mportantfor the eradication of alien invaders, eg
sargassum muticum (Paula & Eaton, 1987). Regeneration
from small sections of the plant r that are rlamoved from
th,~ parent plant and become reattached t is at!import.ant
fo~n of vegetative propagation (asexual reproduction) in
a number of algae (Fritsch, 1945). An e~ample of the
latter type of propagation was reported for BhQ~Qchor~on
where segments of lamina agested in the faecal pellets of
herbivores were shown Lot.. be able to regenerate new
individuals (Breema~').s HOi;;!ksellla, 1987). New sporophytes
of ~mina~a have be~n grown from a single cell (Saga ~~
al., 1979). Vegetative reproduction from various plant
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sections does occur in brown alga.e und is believed to be
important in highly Wave exposed areas whel:."esexual
reproduction :may not succeed, due to the lack of meeting
of gametes (Fletcher, 1987). It is believed that this
form of reproduction is potentially important in .0..
longifolia, as this study shows i:.i1atlaminal sections of
different sizes have the potential 1':\') regenerate new
laminae which have basal rhizoids. If a detached section
of lamina was buried, entangled in rhizoids or reattached
in some other way, it is belhwed that a new thallus and
rhlzoidal ~ystem would develo~t>and become permanently
attached to the substratum.

Regeneration is obviously an important part of the
survival strategy of macroalgae such as E~lCUS (Fulcher &
MCCully, 1969) and Q. 19p9ifolia. Regenerated material
'VIasfrequently observed on Q. lo119i_l:!;2liq_in the field and
occurred 1n plants of all ages, in most wave action
areas. Degradation of the laminal wing material was
caused by abrasion, natural senescence, herbivor:y, lytic
enzymes or fungal attack (PI. 1.8, A & B). In this study
nowever ~ regenera'l:ionwas most frequently observed in the
high wave action areas (H+ and H). 'l'hisis believed to be
due to the greater degree of abrasion and wave induced
damage caused to these plants, and not (1 variable ability
to regene:-:ate.This conclusion was drawn because &t
certain times of the year (near the end of the study) the
plants iu the high wave exposure sites (11and H+) had
degcmerated considerably and were exhibitin'1 extensive
regeneration from both laminal renlains and the holdfast.
At the same time, the plants in the calmer pools (Ll, L2
and L+) shoved 1;' .:tledegeneration or regenE""ation.
However, Reser at a1. (1981) report an increase in
regeneration of Asco:phy:ll-y:n!nodo§.Yllin sheltered, as
oppoaed to wave exposed sitea. Abrasion and degeneration
of n. longifolia was particularly noticeable in the
middle of the year when the plants Were fully grown and
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had noti as yet, begun to produce new laminae. Laminae
were abraded until, in some cases, only the midrib
remained (Pl. 18, C-F; Fig. 54; A-C). Another species of
Dictyopteris, D. undulata has also been observed to be
red.uced to the mid~ib, and to regenerate from the xnidrib
reI!lains(E,'?nson,1486). Fagerberg and Dawes (1976) report
that there w'f,lS no time when all member's of the Sarga1?.§um
fili,rum9.u1apopulation st.udied, had died back to tIle
holdfasts. However, there was an increase in senescent
tissue in the upper parts of the laminae/and a decr(laS~
in wound response during the reprcI_!'!lCtive periods
(Fagerberg & Dawes, 1976). A s.tmila:breport of a
correlation between sexual reproductibn and subsequent
die-back of the laminae has been reported for ~.
PO~~Y[.J~ratium(de Ruyter van Steveninck & Breeman, 1987).
It is possible that the seasonal die-back of laminae
observed in D. longifolia was not only due to an increase
in abrasion and herbivory, but may also have been dU1:3to
degeneration following seasonal reproduction (Norton et
al., 1981). Rcgp.neration was observed to occur throughout
the year although there was an increase in the
regeneralted growth towards the end of the year wh.en
goneral growth increased. However \in cult.ure, only that
Tllater.i.althat.was collected in April was observed to
regene1."ateabundantly. In .Q.. undulata, the maximum amount
of vegetative propagation is reported to occur in autumn
(Benson, 1986). It has been reported that there was an
increase in regeneration when new laminae began to grow
from the holdf.ast in ~. filipendula (Fagerberg & Dawes,
1976). The holdfasts of n. longifoliu are perennial and
the regeneration of new laminae may occur from a holdfast
which Lacks the re.luainsof the old laminae (Pl. 18, L),
from a holdfast which still has sorneremaining laminae
from the previous season (Pl. 18, K) or from the remains
of the old, abraded laminae (PI. 18; G-J). changes of
gro~1th, d\~generation and regeneration could also be
caused by change.s in water temperature (unlikely on the
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Natal coast due to the relatively small seasonal
changes), or seasonal changes in the chemical compos i,tion
of the water (Black « Dewar, 1949). There may be seasonal
changes in the che:micai composition of the water :tnthe
study area, due to seasonal changes ip the predominant
currents and also due to changes in the composition
(rela.tedto agricultural practices up the rivers) of the
run-off.

4~lO.1 Reg~~eration from Small Sections of Lamina

Regeneration of thalli was observed to occur from a
variety of wound patterns in the field, and it was thus
decided to wound lamina sections in a number of different
waYSt in attempt to determine differences in regeneration
potential. The regenerat.ion of new laminae resulting from
the different wound patterns is summarised in Figure 67.

A) It appears from the experiments performed on the small
sections of laminae, that very narrow strips (4mm) of
lamina. are not suitable ~o support regeneration (Plo 19,
A, Fig. 8, Ai Fig. 67, A). This is probably due to
excessive d~mage to the sections caused during
preparation. It may also be due to the small
photosynthetic area available to support growt~.

B) The wing material docs not seem to be vital in the
regeneration process, as the sections whiCh lacked the
wing margins and most of the wing tissuef but included
the midrib and a small section of the surrounding lamina,
did show SOr.I€i degree of rt:!generation(Plo 19, B & C; Fig.
8, B; Fig. 67, B). There was however, no propagati.on of
complete laminae as only rhizoid-like outgrowths with
some lateral cell division were observed (PJ. 19, O-F).
It appears that the midrib is necessary for regeneration.
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C) The roost successful regenerating sections were those
which had bo·th t.hewing margin and the midrib, and were
at least lcm in length (Pl. 21, A; Fig. 8, C; Fig. 67,
C). These sections produced complete laminae which, in
many cases, developed to an advanced stage with rhizoids,
an apical pit and a prontinent midrib (Plo 19, G-K). A
similar report of regeneration from wounded surfaces was
reported for .INcus vesiculosus Ln which adventitious
branches were produced on the cut edge of the se.l?tion,
and developed into laminae with a mid:r.j,band wing tissue
(1)70ss,1961; I"ulcher & McCully, 1969). The fact that the
lamina~ in n. ~ongifoli~ did not develop any further than
a few millimetres in length is believed to be due to the
limited space and nutrient supply in the small plastic
wells in which the sections wel:e cult-ured for this study
(seccIon :2. (5.3). Enriched seawater was not used" in this
st~la.yas the sections became covered in epiphytes (Pl.
19, B). similar reports of a lack of regenera~ion due to
epiphytic growth in enriched media, have been reported in
other brown algal regeneration studies (Fagerberg &
Dawes, 1976; Mooney & van Staden, 1985). In the majority
of cases, the new laminae developed from the cut edge of
the section in the midrib region, although marty of the
laminae developed from the wingi close to the midrib
(there were also the occasional lamina which developed
some distance from the midrib). Moss (1961) reports that
,ucus vesiculosus regenerates new lamina from the wing
and the midrib, although those developing from the wing
grew at a far slower rate. Burrows (19~5; in Moss, 1961),
Oltmanns (1889; in Moss, 1961) and Fulcher and McCully
(1969) all report, however, that regeneration occurs only
from the mi.drib in Fucales. Initially it was presumed
that the r.lgeneration process was governed completely by
S01\\etype of polarity controlled by the apical cells and
midrib however, the presence of protrusions which
developed away from the midrib suggest that, in some
parts of 12. longifolia, this control may be weakened or
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overridden by some other factor. A possible reason may be
the distance that the particular section was away from
the apical region of the lam.inae.It has been reported
that the effect of apical dominance' in Sargassum mut,icun!
decreases with an increase in distance from the apex
(Chamberlain ~,t al., 1979). Moss (1961) also reports that
the degree of rageneration increas~s away from the apex
in l.ucusvesiculosus, suggesting some form of inhi.bitory
control from the meristem of the apex. Tsukidate (1984)
reports differing degrees of regenerative ability from
different areas of sa~pssu~. Any fUrther study on the
regeneration of ~. lpngifolia should investigate the
effects of polarity on regeneration, at different
distances from the apical cells. Some of the sections in
the study devt-llopedlaminat::on both cut edges while
others only developed t11emon one edge, and none produced
rhiloids. Possibly this is also related to the distance
from the apical region and the control the apex has over
the growth. Moss (1961) reports regeneration fr.omboth
cut;edges of sections (l.mm wide) of FtlCUfi vesiculoS1JEi,
whilst small sections (O.5mm wide) only produce
proliferations from one side. Thus the size of sections
also appears to affect regeneration patt~rns. Fulcher &
McCully (1969) report regeneration from only one side of
sections close to the apex and regeneration from both
sides of sections taken closer to the basal region of the
parent plant. Mooney and van Staden (1985) report that
only holdfast sections, and no lamina sections,
regene~ated laminae in Sarga~sum heteroph~llum~ This
seems to suggest apical inhibition of the lamina
sections. The type of tissue that is regenerated, ie
rhizoidal or blade tissue, may also be determined by the
position of the wounc'lin relation to the apex or base
(Lobban et M., 1985). An attempt to determine the effect
of distance fronlthe apex on regeneration in n.
longifolia" was made by taking progressive sections down
the laminae and placing them into culture. Unfortunately,
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these sections displayed poor regenerative pot.ential,
possibly due to the time of the year at which this part
of the study was carried out. There appears to be some
growth regulating substance which plays a role in
regeneration, e9 direction of regrowth. However, the
actual sUbstance has not as yet been identified (Lobban
gt Al., 1985). A similar study was performed on a members
of the red alga, .Egt;rogloss1.lmnicaeens~ (Duby) Schotter,
in which different sections of the lamina were put into
culture and the reg'enera'tionpatterns observed (Perrone &
Felicil'1i,1972). A laminal section with tile apical tip
removed with a straight cut exhibited ~egeneration from
both the Ci'I't and uncut side edges. A section across the
whole lamina but lacking both the tip and the base,
displayed regeneration .frOIll both the cut and uncut side
edges. 'l'heseauthors ale., performed some studies using
sections damaged in ways which cannot be compared to
those in this study.

D) The apical tips that were removed with a v-shaped cut
were also placed into culture (PI. 20, A-H; Fig. 8, D:
Fig~ 67, D) If These sections exhibi·ted interesting results
in that in some cases the tj.ps continued to elongate in
the same manner that they 'Would if they were still
attached to trie adult plant (Pl. 20, A-C). The a.pical
tips exhibited a gradual increase in length over' time, as
would be expected from norma"l elongation (Pl. 20, A·"C;

Fig. 55). These sections also developed surface hairs
similar to those produced by other sections. sin.iIar
resu.lts were observed in the removed apical sections of
.§.§rsassummutic:.lli1!(Fletcher & Fletc:het',J.975) and MoSS
(1961) reported elongation of removed apical tips from
l..ucus~ctllosus without any reg~neration. In other
cases, the removed apical sectionG of n. longifQliB
exhibited some elongation of the apical regions and/or
regeneration of laminae from the cut edge in a direction
opposite to the original direction of growth (Pl~ 20, D-
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H). In some of the tips which regenerated but did:not
elongate, it appeared as if the tip was damaged (PI. 20,

D-F). In some damaged apical regions, regeneration of new
laminae ocourred from the apical tip as well as the cut
edge (Pl. 20, F) '. Oichotomising laminal tips showed both
elongation Qf the tip and regeneration from the cut edge
(PI. 20, G & 1:1; Fig. 8,'0; Fig. 67, 0). The fact that
laminae developed from the cut edge of the sections (ie
in the apposite direction to original :,'."owth)so close to
the apical meristem suggests that any oontrol the laminal
tip has over regeneration may be g' ,. ced very close to
the tip. Another possible factor wtJ}.i;h may influence the
type 01 regeneration or elongation exhibited by the.
removed apical section, is the age or maturity of the
apical cell~, ie there may be a different level of
control exerted by an apical tip of a mature lamina
compared to that of a juvenile lamina.. In the study of
Petroglossum nicaeense (Ferrone & oini, 1972), the
apical tips that were removed for . ..liesdescr.:i..bed in
the previous section, \'i ...._'9 also ~ultured and continued to
grow from the tip as well as regenerate from the cut and
uncut side edges.

4.10 ..2 Regeneration from Large Sections or WholE'!
Lalllinae

Rege. 3ratjon from large sections or whole laminae of ,Q.
Long~~a occurred prolifically in culture. In these
sections, the regenerated laminae developed to a much
more advanced and larger stage, presul1lablydue to the
fact that these sections were kept in larger volumes of
water (250 ml flasks and small tanks) than in the plastic
wells that the srie.llersections were kept in. There was
thus a better supply of nutrients and more space for
growth of these sections. Another possible reason for the
increased development r4'f;\~I~~··.,tl~'?~)ections is that thl3
par~nt section was larger and could thus better support
the growth of new laminae (ia more are~ for
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photosynthesis), and damage during preparation was not as
extensive. Whole laminae were used in the study when they
were of a manageable size and if not, similar si2e
sections were cut and put into culture (approximately 5cm
long). Once again, 'it must be l~em,.:mberedthat the
maturity of the lamina wae; not taken into account when
different age sections were used. The maturity of the
lamina JIlayplay a role in the regeneration response and
this need.s to be studied further.. rrhere is a report that
there is an increase in regeneration potential of laminae
segments from young laminae that have not dichotomised
yet, than from mature thalli of F:ucus.ves:i.culosus (Lobban
s ~lynne, 1981).

E) In the sections having the midrib severed by a
horizontal cut (Pl. 21, B & Fi Fig. 8, E; Fig. 67, E), no
reg6:'';\erationoccurred from the cut surfaces. This would
seem to indicate that the intact tip has some sort of
control over regeneration of new laminae from cut
surfaces nea.rer the base of the lamh1;:t..However lit also
suggests that the remainder of the Ullnina can absorb
SUfficient nutrients from the water for apical growth to
continue without laminar transport, or that the midrib is
not the only path for longitudinal movement. In the study
of Eetr~g1ossum nicaeense (Perrone & Felicini, 1972),
regeneration was observed to occur from cuts in the side
of the lamina. However, this was not observed in n.
l·ongifoL.a and 1.t must be remembered that, although the
study of g. nicaeense is similar to that in this thesis,
the two algae are completely different in structure.

F) Large laminal sections composed of a dichotomy having
t;h~apical tips cut off (Pl. 21, C & D), exhibited
reger!eration of new laminae from the apical region.. The
di.chotOl\lYof the midrib and wing tissue, to give rise to
two new laminae, is thought to be under the cohtrol of
the apical meris'tematic cel.ls. possibly the fact tha·t
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there are two apical regions acting on a single basal
region (ie the single, original lamina gives rise to two
branches with two apical meris·tematic regions) might have
resulted in the regeneration frOlnthe cut edge in the
apical regionF and led to the lack of regeneration from
the basal end of the section (Pl. 21, C & D; Fig. 8, F;
Fig. 67, F').

G) Se~Lions having the apical tip removed with a v-shaped
cut exhibited regeneration along the entire cut edge, not
only on or close to the midrib (Pl. 20, I-Ki Pl. 21, E;
Fig. 8, G; Fig. 67, G). It is possible that very close to
the apical tip, the apical influence is not restricted to
the midrib as it appears to be in regions further away
from the apical region. Daly and Mathieson (1977) report
that the subapical cells of ~onaris and other members of
the Dictyot(;l";escan regenerate new laminae if the apical
region has been removed by sand abrasion. Figure 56 is a
silhouette of a specimen collected in the field. The tips
have obviously been damaged but the midrib has remained
intact and appears to have to given riBe to new terminal
regions (not a new lamina). This was not however,
observed in any of the similarly (experimentally) damaged
laminae.

H) Entire plants which were leept in culture and injured
to observe regeneration, exhibited extensive regeneration
from the cut surfaces. The newly regenerated laminae
developed to a larger size than those in the other
experiments. The greater success of the regenerated
thalli could either be due to the greater volu)lIeof water
and thus a better nutrient supply, or due to the fact
that energy necessary for growth could be provided better
when the entire plant was photosynthesising. Similar to
reports for ,Fucus ves.:Lculosus,the tips of the newly
regenerated laminae could continuously be removed (Moss,
1961) and regenerat.ion of neW lalninae was initiated.
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4.10.3 Process of Regeneration from Injured Lalninae

The process of regeneration in 12. longifolia, is similar
whether the regeneration is occurring from a cut surface
of a section or from the surface of a lamina. Initially
all the cells rounded up and the cytoplasm became
concentrated. This is a similar process to the initial
stages of regeneration described for Fucus vesiculosus
(MossJ 1961). only the wounded 'cells appear to lose their
contents in Fucus (Fulcher & Mccully, 1969), which is
similar in 12. longifQlia in which the injured cells may
remain as walls only (Pl. 24, A-C; ~ig. 58, B & C). ThiS
is followed by a different system ill.E. vesiculosus in
that filaments grm" over the wound to form a new
epidermis. A single cell protrudes from this surface and
then regeneration continues as was observed in Po.
lon_gifolia (Moss, 1961; Fulcher & McCully, 1969). From
the sections of 12. longifolia (Pl. 22, A & B; Pl. 23, A-
D; Pl. 24, A-D; Fig. 58, B) it can be seen that there is
the dominance of a single cell cv~r the surrounding cells
and only the single cell protrudes to the extel"ior,
although the surrounding cells may exper.ie.ncesome degree
of cytoplasmic ooncenta-atii.on, Ilobban at al. (1985) report
that there is a concentration of polysaccharides in the
wounded cells of F. vesicu!osys, presumably to aiu in
wound healing and ,tostop fu);;'therleaking. Fagerberg and
Dawes (1977) also l:sport an increase of vesicle!: thought
to be involved in wound repair. There may be vario~s
stages of regenerating laminae in a single area as was
observed in .E. vesiculostls (Fulcher & Mccully. 1969). The
protruding cell of 12. ,longi;foliaenlarges and divides
into a multicellular butbous s·tructure (PI. 22, C-J; PI.
2~, E-S; Pl. 24, E-L; Fig. 58, E & G). From Plate 24 (E &
G) 'VJhichshows the dividing cell, it appears that there
is a single cuticle which surrounds all the dividing
cells. This is the immature lamina and .i.trapidly
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d,evelops a midrib and apical pit (PI. 22, G-J; PI. 23 I J-
M, 0). The longitudinal, apical cells can also be
distinguished after a number of days. A prominent midrib
becomes apparent (Pl. 22, I & J) and rhizoidt:;are
produced from the base of the lamina at the point of
attachment to the parent plant (Pl. 23, M, N, P-$# PI.
24, L; Fig. 58, L). A similar process has been reported
in Sargassum filit)enqp.l5!where a stipe medullary cell
produces a tUbular, bud-like protrusion which develops
into a flattened, dichotomously branched blade (Fagerberg
& Dawes, 1976). McLachlan & Chen (1972) report that no
rhizoids were produced from the base of laminae
regenerating from a wound .inFucus. Apical sections of
Dict~otg pichotoma also do not produce rhizoids however,
sections closer to the base produce increasingly well-
developed rhizoid systems (Russ,ell,1970). Near t.hebase
of the laminl;l.,the rhizoids are 1Jroduced from the lamina
surface. It is believed that theI;'"is a d.ownward
inhibition of rhizoids initiated by the apex, allowing
rhizoid growth near the base of the lamina only, at a
distance from the apex (Russell, 1970). Regenerated
thalli of Q. lo~~folia were frequently observed to
produce basal rhizoids. It is not ~nown whether the
regenerated laminae detach and are able to develop into a
complete plant. In the field, regenerated laminae of a
few centimetres in length were observed attached to the
parent plant. Possibly these laminae continue development
into complete, independent plants if they are detached,
and otherwi.sethey remain attached. It is believed that
these laminae could l"oadily develop into new individuals
if they became detached from the parent plant and
attached to the substratum in another ar~a. Asexual
reproduction through veget.ative propa.gation is thus
considered an important surviva.l strategy in ll.
longifoli.a.Thalli which remain attached to tho parent
caused the parent plant to deveLop a st1mted, bushy
appearance. The rhizoid;_!;of the regcmerated thalli may
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act in nutrient upcake as well as to anchor the plant if
it becomes detached. Some laminae with basal rhizoids
were removed and put into culture but mos·t did not:
survive. This is probably due to the low nutrient
availab:tlity and tho h.igh degree of handling that they
experienced. The lack of survdva), may also be caused by
the fact that the thalli were not large enough to support
themselves, or possibly regenerated thalli are not able
to survive as independent individuals. some removed
laminae, however, regenerated new lamina-like structures
from the surface. The fine, anatomical detail of the
regeneration process was not studied but it wou.ld be
interesting to compare this to the detail of regeneration
in FUQUS vesicl.llosus (Moss, 1961; Fulcher & Mccully,
1969, 1971) which appears '1;0 undergo a similar process.

4~10.4 Re~aneration from the Uncut Surfaces of
Laminae.

Regeneration from the surface of the laminae was observed
occasionally in the field, on regenerated laminae which
had been removed from the parent plant and put l.nto
cul tUre sepa:r:'ately,on sporelings and on apical sections
with damaged apical tips (Pl. 25, A-C). In the field,
injured areas and small holes were visible near the base
of the newly regEmerated Landnae , although the laminae
were not observed to grow directly from damaged. areas. It
is believed that the surface regeneration obsenved in
ou l,ture may have , in some of the cases, occur-red from
areas of injury which were not observed and may have been
microscopic. Dicty:op·teris australis and Do. gr..§ssinervia
are both reported to develop new laminae froltlthe sut'face
of the midrib (Allender & Kraft, 198.3). In culture,
development of new laminae occurred fron the surface of
Lami.nae which had regenerated' from an Lnjuned parent
lamina (ie regeneration on regene:r:ation), as well as from
sporeling Lami.nae, I:£:Iboth cases the material was
maintained in culture for a number of weeks and hat1":.:>een
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subjected to a large amount of handling. The material
could easily have beco:me injured or weakened ':a(~thoughno
macroscopic injury wa.s observed. The regenera't:.ionfrom
the laminal surfa'1e that was observed in the :field,
occurred mainly from the base of the lamina in the midrib
region. however, in culture laminae were produoed from the
wings as we:"1 as tlle midrib. In almost all cases of.
surface lamina productdon , the apical tips ,were Lnt.act;,
which seems to indicate that regeneration can occur from
laminal surfaces under nozma.l conddtions. Although it is
believed that l:~~rJenerationfrom the surface of the Lami.na
may occtar froID.:i.njuri€'ls,photographs (Pl. 25 r F-H) of the
initial stages of regeneration in n. longifolia (ie the
initial protrusion of a single cell) show no signs of
injury. Surface regeneration is however, J:'arein the
field and is t.hus eL..t~erthe result of a hidden injury,
or dependent O~\ certain infrequently extl~··J.iencedgrot'1th
condf,ticm.s• 'I

The process of surface regenera'tion is .droiler to that
observed to occur from a cut su:..~tace.There is an initial
protrusion of a single surface cell (Pl. 25, E-H), with
subaequent; enlargement and division of the cell into a
multicellular lamina (Pl. 25, I-L). The Jaminae appeared
to develop normally with the longitudinal division of
elongat.ed apical cells (PI. 25, J). Rhizoidal structures
were also observed to develop from the surface (Pl. 25,
M-P). TIledevelopment of further laminal olltgrowths on
the surface of the regenerated laminae were alsl)
observed.

,)

4.10w5 Regeneration 1rom the Holdfast

The holdfdst of Q. 1ongifolia is believed to be perennial
althOUgh it was observed that individuals i.nthE'":ield
lost all cr some of their laminae during thp.winter
months (due to herbivory and abrasion; PI. 26, .8). Thu
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holdfast of 12. longifolia in the field was observed to
give rise to new Land.nae after the o'Ld laminae had been
removed. This observation was supported when pieces of
holdfast kept in culture were induced to regenerate new
laminae (Pl. 26, B-Fi Fig. 8f Hi Fig. 67, H). Perennial
holdfasts and seasonal laminae are common in mel"Obersof
the Phaeophyceae and. is an important mechanism which
allows badly damaged populations to recover (McLachlan &
Chen, 1972; cnapman & Chapman, 1973i Palmisano & Sheng;
1977i de Pa.ula & de oH.veira, 1'982; Scagel et al., 1982).

The base of the old laminae, ie the bases of tIle midrib
or the nstipes", were removed frt.1IDthe sections of n.
longifQlia holdfast prior to th~m being placed into
culture. The new laminae that developed were therefore
not regenerated from the remaj.ns of the old laminae I but
rather from the holdfast clump itself (PI. 26p G). As the
holdfa$t is composed of a tangled mat of rhizoids, new
laminae must develop from the rhizoids of the holdfast.
Mooney and van Stacien (1985) report that sections of
Sargasstll!lhete~'oph:'llluml'1oldfastt'lhichinclude small
portions of the main axis, produced regenerated laminae
in culture. However, the latter sections of the lamina
(from all regions) were not induc~d to regenerate,
suggesting some apica~ inhibition. In sections of young
holdfasts of .s.. heteroph:'lllUln,small projections
developed from the remal'1s of the axis. One of the
projections developed and the rest did not, which
suggests that one e~erted dominance over the rest. The
ability to regenerate from the holdfast and basal
segments is reported to occur prolifically in .s.. mu·ticum,
an invading species in SOlUe regions of the world. This
observation is important for future eradication programs
of the species, ie the holdfast has to be removed as well
as the laminae (Fletcher & Fletcher, 1975). It appears
from tIle literature that complete holdfasts have not been
observed to grow from sections of laminue, although
i.ndividual rhizoids have been observed to develop (Moss,
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1961). A clumJ"'ledarrangement of plant distribution was
ohsezved for D. longifolia. This could either have been
formed by regeneration of laminae from the rhizoids and
holdfasts, or entanglement of spores and zygotes in the
rbi2olds. It was particularly noticeable in the high wave
exposed sites (H+ and H). De Paula and de Oliveira (1982)
report that the density of clumps of SargassYm cymosum
increases with an increase in wave exposure. Clumping is
believed to play an important role in desiccatiop

,resistance (see section 4.8.4).' Gaillard (1977) reports
that another member of the genus, n. membranacea has a
clumped distribution due to the production of new
plantlets from the rhizoids. Clumping of holdfasts has
been recorded for other. species of·brown algae, eg
Xiphophora gladiata (Labill.) Mont. ex Kjell. however,
the reasons for this arrangement are not known (Rice,
1987).

An interesting feature of regeneration f:t'OIIlthe holdfast
"and from rhizoid sections, is that the sections were

p.l.acedinto natural seawater wi'thout any nutrient
at~ditives and, as 110 laminae we:t'epresent, Iittle
pherccsyrrcheaf.s could occur (the rhizoids may be slightly
pigluented). The holdfasts and rhizoids still underw~nt
growth and regeneration which suggests that the holdfasts
store llutrients for c).i:.'owthor are able to absorb
sUfficient nutrients from filtered seawater. There is a
repor.t that when the canopy of the kelp MacroQXstis is
remov,ed, there is a decrease in holdfast growth
indicating that the laminae are necessary for the gr"wth
of the hol~fast (McCleneghan & Houk, 1985).

4.10 ..6 Regeneration from Rhizoid section~.

It has been reported in the literature that members of
the Dictyotales are capable of regenerating new thalli
from sections of the holdfast rhizoids. For example, new
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thalli were reported to be prpduced from the rhizoids at
the periphery of the holdfasts of Dictyopteris llndulata
(Benson, 1986). Attempts to initiate the development of
new laminae from short, unbranched sections of the
rhizoids of ll. longifolia failed, but there was
regeneration of new laminae from longer, branched
sections (Pl~ 27, A; Fig. 8, I; Fig. 67, I). Tokida et
.9J,.. (1953) reported t~at rhizoid-cultu.red sections from
Dictyopteris divaricata were observed to regenerate
thalli in natural seawater, as well as from old rhizoids
in the field. Similar ob~ervations were made for
pargassum vulgare, (Paula & Estonr 1987) 6 n. ~elicatult!
(Tokida et al., 1953) and p... membranacea (Harvey, 1846;
in Tokida at;. .9.l., 1953). The regeneration of new laminae
from x-llizoids(of newlr germinated sporelings) in the
lat.ter species, was also studied by Gaillard (1977). This
author described this process as the formation of a cross
wall in the rhizoid, followed JDY the production of an
erect frond. During the produc·tion of new thalli from the
rhizoid of a sporeling, a single spore nay produce more
than one plant (Gaillard, 1971). 'l~heabundance and
structure of the regenerated plants are reported to be
similar to those developing from other sources, eg spore...
or zygotes (Tokida ~t al~, 1953). Regeneration from a
section of rhizoid in P..~ longifolia was similar to that
from the lamina, in that a single cell in the rhizoid
became swollen and dense with o:r.'(Janel.les(:PI. 27, B; Fig.
59, B). The cell enlarged and underwent division to form
a multice.llular strllcture (Pl. 27, C-P; E'ig. 59, C-K).

The laminae reacbed fairly aavanced stagas of deye1.opment
with elongated apical cells in a '9it at the apex of the
Lami.na (PI. 27, K-N; Fig. 59, L) and rhilloids at the
base. III some cases sur-race hairs were produced b} the
laminae (PI. 21, L; 1"1.9.59, L). If surface hairs are
involved in nutrient uptake, it would follow that in
nutrie.nt poor conditions such as those of the culture,
small laminae would need maximum photo~~ynthe.si;sto
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survive. In these cases, an incre.ased nutxient supply
would be necessary. The laminae developed no further and
survived for a few weeks before dying. It is presumed
that the mortality is due to nutrient depletion and tile
small water volume in the culture conditions. It is
believed that the laminae would have developed Lrrco
complete plants if they had >een in natural conditions
with a continuous nutrient supply provided by the water
movement and unlimited space for growth. McLachlan and
chen (1972) report a similar process in rhizoids of
,~~, in which a single cell undergoes an increase in
cell contents, swells, divides ..~arallel to the axis and
then perpendicula:r:ly, before dividing rapidly in all
directions to form a lamina. 'l'heseresearchers report
that there is frequently moze than one regenerated plant
from a single axis and, similar to what was observed in
~. longif~lia, more rhizoids are produced from the
laminal base , In both Fucus (:f.Icl,achlan& Chen, 1972) and
12• .lm.lt,:; ."oli81.·the production of a lamina does not appeal.'
to be a wound response, but rather a spontaneous
occurrence. A very similar process was observed in
sections of rhizoid (3mm long) taken from ~veti1!
pLarrt.Lezs (Sar,Ja,1978). This author kept the sections in
PES and they developed further than the sections of .0..
longifolia in the presant study. 'J.1hismay in.dicate that
the lack of advanced development of the laminae in this
study could have been due to depletion of nutrients. An
interesting feature of the regeneration from rhizoids is
that, prior to regenerat.ion of a lamina, there was no
source of photosynthates (except stored photosynthates)
available to the rhizoids. McLachlan and Che~ (1972)
report that the,,'s is an increase in cell contents
(possibly including plard:.ids)in the J:'hizoldal cell which
enlarges and develops into the lamina. This may indicate
that pho~-;osyn.thesisoccurred in the ce.lL to provide
energy for division.
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Figure 67: Diagram to show the ragenerab ..'on patterns
developing from the vazLous lamina sect~;.ons of
Q. longiLQlia used in the regeneration study.
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4.11 SEXUAL REPRODUCTION

Sexual reproduction was not originally part of the study
de~iqn but, when observed on material collected in the
field and on sections in culture, it was recorded.
Despite reports (Denny, 1988) that sexual reproduotion is
,often unsuccessful, especially in areas of high Wave
exposure (due to the removal of gametes by the water
luovement)I this form of reproduction was observed in .12.
lOD9'ifolia'frOlnareas of wave high exposure. The study
that was perfol~ed is purely a diagrammatic and
photographic representation of the structure~ and stages
of sexuat reproduction 'thatwere observed" A more
detailed study would ~ave to be performed on ~.
longifolia before features of sexual reproduction could
be included in a taxonomic description. Ther"~ are reports
that the sporophyte stage of members of the Dictyotales
is dominant, or that the gametophyte stage is rare or
altogether lacking (Tokida.m; li., 1953; King & Farrant,
1987). However, Phillips (1988) reports that the
gametopl'jl,y'teand sporophyte stages of South Australian
Dictyotalean species aI:'efound together, but that ,1;here
are seasonal fluctuations in gametophyte phase, e9 the
greatest raproduction occurs in aucuan in ~ictYt:}pteris
undulat~ (Benson, 1986). The theory that there may be
varying ratios of gametophyte and sporophyte plants in a
popUlation; is possibly supported by the report that
gamete production in Laminaria and other brown algae is
temperature dependant (Ka:i.n,1964). It has also been
rep"rted that algal life histories may be affected by
environlnental conditionf:;other than temperature (Norton
at.al., 1981). For example, Cousens (1982) reports that
Ascoph~llum ng.dosum reaches sexual maturity faster in
areas sheltered from wave exposure. There axe also
reports of gamete production being sensitive to
fluctuations in the chemioal composition of the seawater,
eg changes in iron availability (Lobban & Wynne, 1981;
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M()tomura & Sakai, 1984). Hannal.'"!hand sancej.Loes (1985)
report different stages (ie sporophyces and fJalnetophytes)
of the red alga Iridaea having different environmental
tolerances. There may also be spat.:i.alseparation of
gametophytes and sporophytes, and 0~m~tophytes may be
mistakenly identified as I.:>poropl'.ytes(Phillips, 1988).
Altnough it was not determined which of the D. longi;fQl.:i,a
individuals observed :i.nthe field were sporophytic and
which were ga:metophytic, spore and gamete producing
material were collected together. Hannach and Santelices
(1985) suggest that the presence of isomorphic forms in
different seasons ):tayindicate that there is not true
isomorphism, and that there are differences in each
generati.on's genetic make ....up that adapts that generai;,ion
to reproduce in differen't;seasons. The different phases
thus respond differently t.o environmental conditions and
change in relative abundance to each other~ AlthQugh the
Dictyotales are reported to be morphologically
indistinguishable or isomorphic (Lobban & Wynne, 1981),
there is a possibility that the diffe:rent phases react
differently to the environmental conditions and this may
rssult in the variation in apex shape 'that was observod
at different times of the year in n. longj.folie.(Section
4.1.1).

There is reported to be a periodicity of gamete release
in Dictyotalean algae. For exanpf,e , Dict:ropteris muelleri
is reported to release gametes every seven days
(Phillips, 1~8B), ~i~ 9.ichotom~, and D. 6.1€llnensis
(Phillips et al., 1990b) hav<3a periodicit.y Which is
soltlehowrelated to the tidal cycle of the area (Hoyt,
1921; Chapman s Chapman, 1.973) and Zonaria £\pguKata.
(Phillips et al., 1990a) is also zepor-ced to experience
gamete release periodicity. It would be pa.cticularly
intel!e~ting to determine whether there is any periodicity
in the gamete production of n. lOn9Li~olia in areas of
high wave exposure. spontaneous release of gamete.s from
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all members of the p"pulatioll would increase the chance
of fertilisation, even in high wave e....pt:-~llreareas.

4.11..1 Antherj,dia

The antheridial sori of .Q. longifolia are ligllt coloured,
irregular patches or 91blisters" (Pl. 28, A-C) similar to
those described for Oictyota diemepsis (Phillips et a1.,
1990b; Fi'J. 60" A & B) ..The antheridia were commonly
observed in the field in the.summer months. They are
visible on both surfaces of the lamina. Most of the sori
that were studied were in the early stages of development
(Flo 28, D & E). Unfortunately not all che stages of
development were observed. This is thought to be due to
t.he fa:)t that the study waf:;not performed over the entire
year. Early stages were observed to involve a pit lined
by dividing cells which developed into sori (P1. 28, F &
G). The latter became swollen above the surface of the
lamina, and developed sperm cells in longitudinally
arranged antheridia (Pl. 28, H & I; Fig. 60, C). In none
of the laminae studied, had sperm cells been released
although mature a.ntheridia were observed.

Although the sperm release and attractant mechanisms for
Ll. lonsij~ were not st.udied, Phillips et al. (1990b;

1990a) report that the ~;ggs of species 'Of Dictyota
~iemensis and zonari~ angustata produce sperm attracting
substances known as dictyotene and multifidene,
respectively. other brown algae are also reported to
produce sex attractants. It would be interesting to
determine if .!l. longifoU,!! has any sperm attracting
substance, and if so, how well it succeeds under
conditions of high wave exposure. It would also have been
it1tereoting ·to observe .i.f J1. longifolia has the
characteristic Dictyotalean sperm which .has only a single
flagellum (Morris, 1967), however released sperm were not
observed.

,
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Figure 68: Diagranl showing the suggested life history for~ict~onteris longttolia.
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4.11.2 coqcnd.a

S't.;:t'ucturesobserved and identified as oogonia Ln 12.
l.9ngifol.ia appeared to be similar to those described for
~c~ta diemensi~ (Phillips e~ sl., 1990b; Fig. 60J D &
E). The oogonia were not observed as frequently as the
antheridia and thus the study is lauch less detailed. The
structures app~ared to only occur on the dorsal surface
(Pl. 28, J & K) of the laminae and only the early stages
of development were observed. The early stages consisted
of a raised area with longitudinal divis:on of the cells
(Pl. 28, Li Fig. 60, F). It is reported that the oogonia
of th~ Dictyotales resemble the tetrasporangia and may
frequently be mistaken for the latter structures
(Phillips, 1988).

4.12 TETRASPOROGENESIS

Although tetrasporogenesis and the germination and
development of the spores was 11,)'t included in the
original study d~sign, it was frequently observed in the
field and on lamina sections (width of the lamina and 10m
long; Section 2.5.6) in culture. It was thus decided to
observe the pro0ess of spore for.mation, germination and
developtnen·t into sporelings as reproduction without the
meeting of gametes (tetrasporogenesis and vegetative
propagation) is obviously an important survi va~..strategy
for R. longifoli~, particularly in the higher exposure
areas (where the chances of suacessful Dteeting of gametes
is reduced). Seymour at al. (1989) suggest that
sporogenesis in Macroqvsti~ pyrifera occurs in the
seasonal. storIn period when the wave aC'tivity is at its
gr·ea.testi thus taking advantage of effective dispersa.l
and a high nutrient supply. The greatest degree of
tetrasporogenesis in 12. longifol.is appeaxs to be in the
middle of the year (Chihara, 1963; herbari.um specimens;
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per. obs ,)~ and the n\ate:rialin culture produced spores
in June. Tetrasporogonesis may also be one of the causes
of the clumped growth habit of the plant. ClUJI~pingmay
however, be due ,to gametes becoming entangled in the
holdfast, or due to I'egeneration from rhizoid sections.

Unlike the motile asexual spo~es of other brown algae,
the non-motile tetraspores of the Dictyotales rely on
water movement to disperse them (Fletcher, 1987). It
WOll1d :tollow tha't spores would be tl'ct1'lSportedover a much
larger area in highly wave swept areas. This appears to
be supporced by the fact that the populations in the
highest wave action sites (H and H+) ~ere not only had
the highest density and number of plants of the si t. ~s
studied l' but w,sre also spread over a much wider area than
in the othe:t·5ites which were localised to a single pool
or part there of. There are numerous reports involving
the dominance of the sp'.Jrophytegeneration in
Dictyotales, eg ~losso~hora kunthii (Malbran & Hoffmann,
1990) I r.owever Phillips (1988) reports that there is some
difficulty in distinguishing the phases of Dictyotal',~an
algae unless the plants are in the advanced stages of
reproductive cell formation, and this may lead to
incorrect counts of the different geneTations. There may
also be temporal and spatial differen'tiation of the
phases, although King and Farrant (1987) report
sporophytes of Dictyopteris acrostichoides throughout the
year. This was also observed in Q. longifolia ~here
mapped individua,ls were ~resent for most of the year (ie
all of the study period; section 3.6). Tl1e season~'lity or
tetraspor:e production in !2. loDgitolia was not studied in
depth, however, there are reports that. MacA.Qc~stiSi
integrifolia has recruitment from sporogenesis throughout
the year (Druehl & Wheeler, 198G) and Malbran & Hoffmann
(1990) report t\'10peaks of tetraSp0l"0 pzoduct.Lon per year
in ~ossophora kunthii.
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Chemical changes, eg salinity are reported to affect the
production of sporophytes in Phaeostrophion irregular~
(Mathieson, 1982b), snd daylength. is reported t.o affect
sorus fonnation in ~ ~n~ (Luning, 1988).
There have been a m:u~b'3rof studies on iactors effecting
tetrasporogenesis in members of the genus P.ictyopteri~
(in particular ~. pivarioata), eg the effect of
cytochalasj,n B' on germination (Ohmori & Ueki, 1980), the
effect of wavelength of' light on tetraspore :t!,orma'tion
,(Ohmori & Suemura, 1978) and the effect of c:(~lchicine on
rhizoio formation (Ohmori & Hashidar 1982).

4.12.1 Development of tetraspores

Characteristically, members of the Dictyotales produce
four to eight, non-motile 'tetraspores in a superficial
sporangium (Fritsch, 1945; Chapman 6i Chapman, 1973;
Fletcher, 1997). The majority of Jli.gtYQvt~ species are
characterised by having sporangial sori., however, one
species n. ~~~ri does not have sori (Clayton pers.
comm.). The tetrasporangia in ~ ...l!Lngifplia are p:r-oduced
on both sides of the lamina in bands next to the midrib
(Pl. 29, A-E; Pl. 30, A & ~), as reported for n.
acrQsticQ,Qides (Phillips t 1988). Ohmori and HasIlida
(1985) showed that the tetra sporophyte and tetraspore
mother cell of n. £livaricata are diploid, whilst the
germlings frolU the tetras pore are haploid. Development of
tetraspores in Q. lQD9ifolis differs from that described
for U. divaricata (Ishii at ~., 1959; Fig. 69~ A). The
latter is reported to have the stalk cell d:i.vided into
two to four cells, or one cell (Inoh, 1936; Fig. 69, C)

and to lack an elevated cuticll'!. Another Dictyotalean
alga, DictYQJ;5! gichQt~uru!, has two or three sta.lk cells
ana no cuticle (Ishii at Sl.., 1959). Dict~optet~~
australi~ and n. muelJ.eri are reported to have tl single
sta.lk cell and U. acrostichQ~ t(> have one or two stalk
cells (Phillips, 1988). ~. 10ngifoJJ&, however, has a
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single stalk cell (Pl. 31, D-8; Fig. 62, G; Fig. 69, oj
and the spore mother cell elevates the cuticle (PI. 3].;

C; Fig. 62, C; Fig. 69, D). This process is similar to
that described for )?adina ,i§}1onicCland .e. crassa (Ishii
at a1., 1959: Fig. 69, }3) and olctyopteris divaricata
(trioh, 1936; Fig. 69, cn in thGttthere,!is one stalk cell,
but E • .imi,ca and E • .Q:icassa have elevated cuticles
which 12.gj,var-Lca+a Lacks , The early stages of
tetrasporogenesis of ll.J.f)ngifo11~involves the
development of the tetraspore moth~r cell towards j::he
inner, cortical layers of the lamina (Pi. 31, Ai Fig. 62,
A), prior to the p:t'otrusion of the te·traspores to the
exterior (Pl. 29, P; Pl. 30, C & D; Pl. 31, BJ Fig. 61,
F). This was not desoribed ;inany of the other
Dictyotalean species compared above , 'rhe spore mother
cell of Q. long:ifolia then cUvides meiotic~lly (still
rdthin the sporangial wall) to give rise to four
tetraspores (Pl. 29, G-J; Pl. 30, E-H; Fig. 61, H-J). In
12.].ong1folia the spor'es '.'0r,~arranged in a tripartite or
tetrahedral arrangement, s:imilar to !2. divaricata, ~.
japoniml and R. crassa, whiJ,1Et pictyota dd.chotioma has a
cruciate arrangemen.t (1Gbii et aI., 1959). The spores are
released and) ....ve an empty casing (Pl..31, L-O). 'l'he
released spores settle and begin germination. The spores
of Sqrgassum l1\uticuroare reported settle in crevices
(where they are protected from water movement, grazing
and desiccation) or on other plants in rough water" This
may be the reason for the clumped habit that was observed
in populations of ,S.. mutigum (Norton & Fetter I 1981) and
which was also observed to occur in populations of Q.
longifolia.

'Ilhelack of separdt.ion of released spores (PI. 29, K & L:
pl. 31, K; Fig. 61, K & ,." or lack of release of spores
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Figure 69: Diagram to show comparisons between ~pore
formation of P.i£tyopterls divat.icata (redrawn from Ishii~ al., 1959 CA) and Inoh, 1936 (C)}, Eadina ~onica
(redrawn from Ishii gt al., lS59 (B» and Q. longifolia
(this study (D».

B

D

f~om the sporangium altogether, prior to germination (Pl.
30, L-S; PI. 31, ! & J) ",ras not observed ,to occur in the
field ~'lhere plants were exposed to water motion. All the
aggregt.\tedspores of .n. J,.ong_ifoJ.iahowever, appeared to
be equally viable in oulture and germinl-1t~din the same
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The.spore£..of g~dina japonicg have been reported to be
liberated from the sporangium and germinate together.
However, in this case the germination patterns of the
aggregated spores were reported to ,differ from those of
single spores (Nishibayashi & Inoh, 1959). Norton ~t M.
(1981) ;report that tetraspores in pictY(Jta may gei.'il~inate
whilst still in the sporangium and that this may lead to
a change in the adult morphology by causing
proliferations from the surfaCe of the parent lamina. The
reason for this aggregation (other than due to lack of
separation by water movement in culture) is not known,
although it has been reported that some spores produn€l
mucilage so as to aggregate to increase the :mass, and
thus the sinking rate (Neushul, 1972).

4.12.2 Morphogenesis

The tet:r,'asporesof U. diY..aricata"were described as first
produciri.'1d "lU.ulticellular~oval body" that developed a
protruding cell, which later became the meristematic,
apical oe11 of the juvenile gametophyte plant
(Nishibayashi & Inoh, 1959). Inoh (1936) described the
division and elongation of the rhizoid, prior to the
appearance of protrusion from which the thallus
developed. A tetras pore may produce more than one of I

these protruding cells and I!;i,.ctyonteri§!is reported ,to
have more than one apical ini'tial. Although 11. 1..QJm.t'~\lia.
was not observed to pr~duca more than one protrus:i.on,the
process of protrusion from the spore (Pl. ~2, D-K; Fi~.
63, D-F), the initial elongation of the rhizoid (~l. 32,
G-N; Fig. 63, G-N) followed by the development of the
thallus (Pl. 33, D & E), \'1assimilar in this speni es to
that described by other authors. It appears, from
developing sporelings labelled with calcofluor (Pl. 32,
A-C), that new wall material is included in the
protruding side of the spore cell. AS in reports for
other species, the cells of the -thallus of 12. long:i.folia
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were observed to be much darker than those of the
rhizoids (Inoh, 1936). The primary rhizoids of .Fucus
vesiculosus are surrounded by a mucilaginous layer which
is believed to be associated wi~h the adherence of the
rhizoid to the substratum (1-1oss,)1961). Such a
mUcilaginous layer was not observed in o. longifolisl
however, the rhizoid tips were observed to adhere to the
substratum very early in the germination process. In
Padina dubia ,Hauck (Ampili at al. r 1.987), the spores are
reported to secrete an extracellular substance 1-2 hours
after release, and to adhere 3-4 hours a:!terrelease. The
adhesive substance may contain fucoidan and polyphenols
for adhesion and protection (these sUbstances are
believed to have antibacterial properties). Ampili et al.
(1987) used a range of stains to obtain their conclusions
about the secreted substance. Extracellular materiel was
not noted in n. longifolia.

'l'hedevelopment of rhizoids is sensitive to light
conditions, as was shown by Ohmori and Veld (1919) .who
demonstrated that the rhizoids of Pictyop~is divaric.~ta
grew away from continuous unilateral light. The growth 1'" f

the sporelings of .Q. longj,foliqceased once the thalli
had devel~ped and an apical pit, midrib and basal
rhizoids were present (Pl. 33, H-K; Fig. 64, J & K). This
is thought to be due to the depletion of nutrientEI in the
culture, as well as the lack of space. Moss (1950,\
reports a similar lack of development in FUOllS

vesioulosue sporelings kept in natural seawater~ and
at'tributes this to a lack of nutrients. ·r.thas also been
reported that there i£> a change in germination pattern
with D. decrease in nutrients in fl!CUS (McLe!..hlan,1977).
The sporeli~gs may also become overg~own with epiphytes
and bacteria due to the lack of natural conditions, eg
her.bivores and abrasion (Edelstein & Womersley, 1975).
Continual submersion I which docs not;occur in all natural
conditions (eg spores released in Hand H+ would
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experience e:mersion at some:time), may also affect the
growth of the spores.

Initia1 morphogenesis of .!2. longifo1i,a tetraspores was
sillli3.arat all temperatures investi9at~d. However, at the
stage when a second rhizoid emezqed or the thallus began
development, there was considerable variation. In some
cases, the second rhizoid appeared before any thallus
development had occurred (in th)s case there appears to
be more than one cell in the thallus section (Pl. 33, B,
c; Fig. 64, B), whilst in other cases the thallus was
fairly well developed before the second rhizoid appeared
(PI. 33 I A). The peculiar growth pa,ttern shown in Plo 34
(A, J & K) is similar to the pe(!u1.iarities'observed in
Diotyol2teris di'lTax'icata,in which t.hethallus underwent
division before producing +hizoids (Ohmori & Hashida,
1984). There are thus similarities between the patterns
of g~rmination described for .12. ~folia and those
desoribed by Ohmori and Hashida (1984). The latter
researchers report two patterns of germination in .!2.
,divaricata. First, there is the production of a primary
rhizoid, followed by the division of the thalJ 15 cells.
The second pattern involves the division of the thallus,
followed by the production of one or more rhizoids. The
significance of the different germination patterns in .!2.
longifolia is unkno~m however, ~oth patterns occurred at
both 200 and 250C.

A number of peculiarities were observed in the
development of the sporelings of Q. longifolig_. The
"jigsaw puzzle" terminal rhizoid form, has been re:oorted
for the developing tetraspore rhizoids in pictyota
dichotoma (Nishibayashi & Inoh, 1959; Gaillard et al.t
1986; Fig. 70, A & B). These struQtures consisted of
lobed proliferatiQns of the b:.!rminalcell of the rhizoid r\

lacking any croos-walls (Pl. 34, B-F & B & I; Fig. 70,
C). ohmoz-Land Hashida (1983) :report similar
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ramifications of the rhizoid tip in te·traspores of n.
diva:t'ic.~takept in culture in art.ificial seawater
containing 0.069/1 calc;i,.umchloride. This indicates that
the strange terminal rhizoids ob)::ervedin tilis study«may
have developed due to nutrient depletion. The rhizoid
ramifications reported for ll. dich~t~IDS and those in this
study were observed to be able to adhere to the
substratum (Gaillara at al., 1986). Normal rhizoids
undergo division of the cells at the buse, ie at the
meristoderm. The terminal cells'do not appear to divide
but ontinue to elongate, however, the "jigsaw"
proliferations undergo growth and ramification at the
rhizoid tips. other than these pec'lliarities, the
morphogenl2Gis was sim,il:arto that described by
Nishibayashi and Inoh (1959) and Inoh (1936), with the
primary rhizoid emerging and developing (prii~rto the
developmertt of the thallus) from a pzotrrus Lon of the
original spore. It has also been reported that the
zygotes of Sargas§uITtIDuticum only stick to the SUbstratum
once the first rhizoid has grown and seems to be
dependant on a polysaccharide which is produced by the
rhizoid (Norton, 1983). Other brown algae, however, have
a sticky coat around the spore or zygote. Preference is
given for :t'oughsubstrata where the zygote can anchor,
and is p':o·tected(Norton, 1983).

It is possible that ll. longj,tolia tetraspores that
attached to the bottom of glass dishes did so with some
form of adhesion compound on the rhizcids. Taking
similarities of spore production, germination and
juvenile gametophyte deve l.cpraentiinto consideration,
1?!:'~reseems to be a degree of consistency in the Order
Vlicityotales.
',I
'\
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A

Figure 10: Diagram showing the "jigsaw puzzle" terminal
rhizoid proliferations as reported in Pictyot~
dichotoma (redrawn from Nishibayashi & Inoh'r 1.959,
(A); Gaillard ~t ~., 1986 (8) and observed in n.
longifoliq (this study ce).
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4.12.3 Growth Rates of sporelings at Different
Temperatures

D. longifol:i,.a.,as with most members of the Dictyo·tales,
is found in tropical to temperate waters, where seawater
temperatur~s are in the range of 15-250C (Dawes, 1981).
Temperatures lower or higher than these are rarely
exper'Lenced, As it has been reported that the production
of asexual spores is controlled py environm.ental
conditions such as temperature (Dring, 1982), it can ,be
expected that the optimal temperature range for spore
production, germination and growth, would occur in this
range. It has been reported that Diety-otA dicnotoma
overwinters by having spores which do not germinate
unless the temperature and photoperiod are optimal.
seasonality of spore production in n. Jongifolia is
suspected, as spore~ were only produced on sections of
lamina placed. into culture in June. However, spores were
recorded as being present from March to October in
specimens from other regions (Chihara, 1963; Herbarium
speodmene) . The grow't.hstudy performed on the spores of
D • .longifolia showed that ma..Hmum growth of both the
rhizoid and the thallus, occurred at 200C and 25°C
(thallus elongation t-1asmuch slower than that of the
rhizoids~ Figs 65 & 66). Init.lallythere was slight
growth at temperatures lower than 20oC, but this ceased
after the fi~st three days. At temperatures greater than
2SoC, there was an initial increase and the~ subsequent
decr~ase in length due to necrosis (Figs 65 & 66).

V'Irgenumbers of tetraspores were produced by a single
.lanlinaand, although many do not germinate, prolific
production may explain the clumped appearance of patches
of ll. long,:i.foliai11 the field. Tetraspores may get caught
in the mats of rhizoids and laminae of adult plants, and
germinate without dispersal. '1lhis wou.ld result in a
mixing of generations with gametophytes being attached to
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the sporophyte plant. Alternatively t urrref.eased or
unseparated spores may increase clump size. Another
possible explanation for clumping has been observed in Q.

membranacea (Gaillard, 1977), in which it was reported
that any cell of the germinating spore, including those
of the rhizoids, were capable of vegetatively producing
plantules and that this may account for the very
localised dis'tribution of the plan·i·~s.]2. j,Q_ngifQJ.iC',!was
not observed to produce more than one plantu:. from each
tetraspore and the new thalli were only obse1ved to be
produced from the spore, not from the sporeling rhizoid.
HoWever, isolated rhizoids from the holdfast of Q.

I~hgifolLq are capable of producing plantules
v~getatively (this study; section :~.10.6; PI. 27, A-L),

as has been repox:ted for Q. divarj,c_gf;a(Tokida at a]...i
1953). This may be another contributing factor to the
clumping of individuals in natural ~tands.

4.13 MORPHOMETRICAND STRUCTURAL SUMMARY

Polygonal graphs were compiled to display a st.lmmarj,sed
comparison of the various morphometa-Lc and structural
aspects of.l2.longifolia, from different. wave exposure
sites, measured in this study. Mean values from the whole
study period were used to compile the graphs (except for
4 .•13.3).

4.13.1 Morphometric Summary

The polygonal graph (Fig. 71) comparing the various
morphometric results obtained for the sites, indicates
that the ranking of the sites with respect to wave action
was correct. It is obvious from the graph that high wave
exposure greatly affected most of the morphological
aApects measured~ It is int..:restingto note that the
highest tvave exposure site (H+) showed considerably
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higher values for mos·t of the features measured. The
distinction between the low wave activity sites and the
intermediate wave exposure site (X, is not ~lways clear,
however it does appear that the ranking of L2 and L+
should have been reversed, as many of the L2 measurements
are greater than those of the L+ site. It appears that
ext'~emely high wave exposure has the greatest effect on

ith~imorphological aspects measured, with intermediate and
low wave exposure not affecting the results to such a
degree. The morphological aspecbs of 12.. lQ.,ngllolia.cou;rd
be used t()give a reasonably accurate indication of the
wave exposure of the shore however, it must be r~membered
that many of these characters vary considerably with
season.

4.13.2 I structural Summary

The polygonal graph (Fig. 72) is compiled f1C'omvar-Ious
structl..l.ralaspects of Q• .l.Qngj.foliafrom the di.fferent
wave expoauxe sites. It appears that the structural
aspects of the thallus are far less related to the degree
of wave exposure experienced, than the morphological
features. !t would seem that only the extremely low wave
exposure site (L1) displayed a consistent position in the
ral1~ing. This 8ite consiste~tly ~howed the lowest values
for t.hose aspects displayed on the graph. Ther'3is no
apparent pattern in the other sites. It appear-sthat the
structural aspects measured in this study are not useful
as biological exposurp- indicators. It must be remembered
that in many of the structural aspects that were
measured, the methods used had fundamental limitations.
The structural aspects were also i ';fluencedby season.

4..13.3 flleasorlal Var.iation

As an indication of the seasonal variation in morphology
and structure in Q. longifolia, a polygonal graph (Fig.
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73) was compiled to show the measurements fOl: the two
extreme study sites (Ll andH+) at the beginning and end
of the study period (.ieMJ.rch .isthe end of the growing
season, and QPtober in the beginning). It is clear fr0111
this graph that at both extremes of the aeaeon # the h~gh
wav ......_\@xposure~ite has higher values for the aspeot.s

\ ) .

i,nclu~ed In 'thegraph, than the low wave exposure site
(Ll). ~or ths a+ site, there doeF' ~ot. seem 'to be a trend
in variatiop of the measurements. However, the marked
difference in lamina length is clear. It iSIsurprising
that the other lamina features de not shf)Wa similar
difference. In the case of the low wave exposure s.tte, it
is clear that the variation does not follm'l the pattern
of the H+ site ..but tllat the March reading's are greater
(in nearly (111 the cases) than the October measurements.
The most important point that can be drawn from this
graph is that, although there is considerable variation
in most; of the morphological and structural aspects
examined in this study, the trend in seasonal variatiun
is not consistent in sites experiencing different wave
exposure.

, ,
"
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Figure 11: Polygonal graph to represent an inter-site
comparison of some of the morphological features Qf
12. l,ongifQl.LC!.measur-ed in this study.
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Figure 72: polygonal graph to represent an inter-site
cOll,parison of sone of the structural features ofn. longif.Qlia measured in this study.
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Figure 73: Polygonal graph to represent seasonal
variation in some of the morphological and struct~ral
features measured in Q. Jo~git.olig.
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5 CONCLUSIONS

The aim of this study was to investigate the brown alga
pictyo,pteris long).fol i!l,. (Pha.eophyta, Phaeopl1Yceae,
Dictyotales), with special reference to the effect that
exposure to waves has on the morphology, structure and
rept'oduction of the plant.

The species occurs in a variety of intertidal conditions
on the east coast of the southern African subcontinent,
although tha northern and southern limits of distribution
on this coast were not determined (Section 4.2). The
s-r.rap-shaped/'diChotomously branched brown alga is
commonly referred to as n. l.Qngifolia.and, although l.tz
formal description is outstanding, is believed to be the
new species which the late Professor G. F. Papenfuss
intended to pUblish (Section 4.1.2).

Various methods of measuring wave e~p~sure were assessed
(Section 4.3). The results of the methods used in this
study, tn those sites experiencing wave exposure at low
tide (ie wave number, strength and the dissolution of
Lifesaver sweets), correlated well with the subjective
ranking of the sitea ('e the H+ s1t( 1\\easurements
jndicated the highest wava exposure, followed by Ii and
1+; Selotions 3.3.1 and 3.3.2). However, It was conc Luded
that a techni'=iueinvolving equipment which could remain
at the site throughou't the tidal cycle, and thus measure
wav~ exposure in those sites which lac]{wave eKposure at
low tide, wot'tldbe optimal t eg the dissolution method
using plaster of paris blocks (Section 4.3).

Sand abrasion (section 4.4) and deposition (Section 4.5)
\\1ert'!observed to vary considerably and are belieVed to be
important factors :Indet~rmining the morphologlcal
condition of Q. longifglia. Sand and particulate matter
suspend.ed in the water column i,:;available to cause
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abrasion and influence the light conditions of the
mf.croenvi.ronnent.,eg reducti"n in light penetration.
Although it was originally presumed that the sand content
of the water would be found to be related to thl-"degree
of wave exposure, it appears that it is rather a function
of the topography of the shore surrounding the study
site. For example, the high wave exposure site (H) had
the lowest amount of suspended sand \'lhichc..:mldbe
explained by the large roc}c to the seaward side of the
site and on which the 'ilaVesbroke (Fig. 3, l3). The water
washed over a large "rea of rock, i:.husdeposi ting the
aand , prior to reaching the stlJ.dysit-e, S?·~"'J deposirtion
was observed to be considerable in s( . study
sit,es, and the morphological It!elasur(
intermediate wave exposure, Edte (.r i' ~at'crIbuted to
the pr0tection against dr~., her.t·;; vor~T and ab:rn~ion
provided by oorrmnuaf, sand cover. l~::!:I::" ~)a.lmple,~he
laminae in the sand inundated, intermed,i..:ttesile (I) wer'S
observed to be longer and healthier t:han those of plants
in the other sites, at certain times of the year (Section
3.6). Unfortunately, the sand trap method used to measure
this physical feature was inadequate (Section 3~5), and
attention needs to be paid to developing an easier and
more accurate measurement of sand deposition.

Variation in the size and form of ·theholdfast (section
4.7.1) and lamina (Sectiun 4.7.2) of n.. longifolia were
determined, and the results for the sites compared. These
measurements included holdfa&t diameter, area and wet and
dry mass, as well as lamina length, width, area, wet and
dry mass, dichotomy number and the number of small and
large laminae. There was considerable seasonal variation
in morphological attributes over the study period, as
well as variation ~etween sites. The trends in
mcr-phoLoqi.ca'lvarie\tion appear to be related to the
degree of wave exposure experienced, with larger plants
occurring in areas of higher wave exposure (Section
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4.13). The holdfast measurements indicate that the low
wave exposure sites had the least prominent holdfast
(lowest diameter, area and mass), and t.hehigher wave
exposure sites had the larger, more robust holdfasts
indicating greater effort in the prOduction of an
attachment organ (Section ~.7.1). The intermediate wave
exposure sites displayed intermediata meaeurenerrcs tor
the holdf.l-1St.The measurements of the mean maxfmum lamina
length (Sectiop 3.6) inCl,icatedthat there were seasonaf

fluctuations ~n Lanf.na length of ~. longifolia, with the
longest laminae being produced in summer (Fig. 17).
Following the summer months (from March), the laminae
were observed to deg.r.adeuntil regrowth and regeneration
was ini'tiated in spring, ie september (these patrtiezns
were altered in the intermediate wave exposure sites (I)
which was frequently inundated by sand; Pl. 6, J-L). Most
ot the other lamina measurements indicated a similar
trend to that observed for the holdfast, with tb,e laminae
from the lower wave exposure sites being smaller,
narrOWer and less x'obustthan those in the more wave
exposure sites. These trends were observed for Lami.na
width (1.18.21mm and H+ 12.53mm), lamina area (Ll
0.002345m2 and H+ O.007301m2) and mass (wet, L1 0.583g
and H+ 9 .133g; dry i 1.1O. 0864g and H+ 1.639g). The:low
wav~ exposure site (1.1)also had a significantly lower
(P<O.OOl) mean dichotomy number per lamina (0.267) than
the other sites, with the high wave exposure sites (H and
H+) having the highest number of dichotomies (1.738 and
1.672, respecti.vely). The dichotomy n..lmberdoes, however,
seem to be related to the lamina length and may thus vary
seasonat Ly (Figs. 30 & 33). 'rlheredoes not seem to be any
trend il1 lamin~ nun\berwith re.spectto wave exposure. It
weu'd appear that. in ,J).. longit,olia, Lncreased wave
exposure results in i.ncreasedgrowth, probably due to the
increased nutrient and gas availability. However, before
the morphological features of Q. lQngifolia measured in
this study could be used to suggest a biological exposure
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index, the patterns of seasonal variation w041d have to
be detet".•ined and taken into account.

structural attributes of the experimental organism were
also 11leasured,and an inter-site comparison performed.
These measurements included scJ.erophylly and succulence
of the lamina and holdfast~ tensile and attachm~nt
atrength, desiccation and rehydration potential. There
appears t....be a great deal of variation in these
attributes, both seasonally and betwaen sites. Th~
tensile strength of the laminae showed no marked trend
with resp~ct to wave exposure, other than the low wave
exposure site (Ll, 349.95 dynes/mm) having a
significantly lower (P<O.OOl), and the highest wave
exposure s.i.te(H+, 524.87 dynes/rom)having the highest
tensile strength (Soct.ion3.8.1). Attachment strength
lacked any trend with respect to wave exposure, with the
intermediate wave exposure sites (L2, L+, ! and I+)
having signif.icantly (P<O.OOl) higher attachment strength
than the extreme wave expcsure sites (1,.,1,Hand H+;
section 3.8.2). There was also little pattern in the
lamina sclerophylly and SUCCUlence measurements, other
than the low wave exposure site (Ll.)having significantly
lower (P<O.OOl) values than the other sites (section
3.8.3). Holdfas~ sclerophylly and SUCCUlence, however,
did display an increase in relation to increased in wave
exposure. Desiccation and rehydlcationrates also do not
appear to be related to wave exposure (Section 3.8.4). A
number of the methods used to determine structural
aspecns , displayed fundamental problems and these need to
be addressed before a conclusion can be drawn on the
effect of wave exposure on the structural attributes of
.1).. longifol,ta.

The microscopic investi~ation of the anatomical
compos I tion of 11. longifoU.a indicated that, although
there was some cell differentiation, the cell
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organisation of this species is not as i complex as t.hat
reported for some other brown algae. The presence of
elongated midrib cells with pores in the walls, suggests
that some form of longltudinal transport or translocation
occurs. The characteristic apical pit contains the
longitudinal dividing meristematic CE\l1.s and is lined by
two different layers of material (Section 3.9.1). The
wing is composed of a number of layers Qf large, thin-
walled, ir~egular cells (number depends on the age of the
lamina), and is covered on both'sides by a layer of
smaller, rectangular epidermal cells. The margins of the
lamina are thickened and are composed of smaller cells
than the wings (Section 3.9.2). The midrib is centrally
placed and prominent~ It develops from the apical cell$
and is thicker in Inore mature regions.. The cells of the
midrib are regular, brick-shaped and thick walled
(Section 3.9.3). The midrib develops a meristoderm and
gives rise to the multicellular, branched rhizoids in the
basal regions. The rhizoids become long and entangled and
form the holdfast mat. Tufts of colourless hairs grow
from pits on the lamina surface and are thought to be
involved in nutrient uptake (Section 3~9.7)

n. long_ifolia, in the field, was frequently observed to
display significant amounts of regeneration following
damage. It is believed that a high regenerative potential
is an inlportant survival strategy for 12. lo..n..W~oliq,
particularly in high wave exposure areas~ Regeneration
occurred readily in culture from various sections of the
lamina, holdfast and rhizoids (Section 3.10). ~he prooess
of reqeneration was silu.ilarto that described for other
brown algae (Section 4.10.3), in that a s:i.nglecell (from
the lamina surface or from the rhizoid) became swollen
and dense, divided and differentiated into a lamina with
an apical pit, rhizoids and a midrib.
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Although sexual reproduction was not observed to occur
prolifically in the field I some nlaterial bearing sexual
structures was collected. From the studie:.;performed on
this material, it appears that.tsexual reproduction and
the related structures produced in thl.Sspeciel;;are
similar to those reported for other oictyotalean species
(Fig. 60). Sexual reproduction is believed to have a
lO",lersuccess rate in areas of high wave exposure, where
tetrasporogenesis and vegetative propagation play an
lmportant role.

The production of tetraspores was observed to occur
prolifically on ma·terial from all the sites stUdied. A
study of the prOCesses involved indicated that tetraspore
production, germination and morphogenesis in
.Q. lol19..:Lfoliais similar to that in other Oict.yotalean
species (Fig. 69), with only minor differences such as
the pres~nce of a single stalk cell and a cuticle in
~~.longifolia. Once the raised tetraspore mother cell had
·di~ided into four tetrahedrally arranged spores, the
spores were released and germination was initiated. The
latter process usually began with the divi'S-ionand
elongation of a primary rhizoid, followed by the
development of another rhizoid or the thallus. An
investigation of the effects of temperature range on
germination of spores, indicated that the optimal
temperature for germination was 20-250C.

The intertidal environment at Palm Beach exerts a number
of stresses and forces on the inhabitants of tile zone.
The brown alga, D. longj~~lis responds to these stresses
in a number of different ways which may include variation
of morphological, structural and reproductive characters.
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APPENDIX 1: P:tovasoli's Enriched seawater (PBS
(Provasoli, 1968)

Stock Solutions
(in 100ml of distilled H20)

NaNo3
Na2
Glycerophosphate
Vitamen B12
Thiamine
Biotin
Tris Buffer
Trace Element,s,

1000ml

ml stock to be add~d

35g/1001\\1 8

8

8

8

8

200
200

made up to

5g/1DOml
1mg/100ml

50mg/lOOml
O.5m~/100ml

Tris Buffer:
Fe (as EDTA 1:1 molar): Fe(NH4)2(S04).6H20
35J.mg/500ml
Na2EDTA
30omg/500ml

Trace Element Solution: (in 100m1 distilled water)
H3B03 1.14g
Fec13 29.4mg
Mns04.7H20 203.7mg
ZnS04·7H20
COS04·7H20
Ni'l~EDTA

22.0mg
4.8mg

LOg
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APPENDIX 2: Germanium Dioxide

lOOmg
4-6 pellets

Distilled water 3ml ..

Boiled in a zi:r:coniumor polyprolene vassel until
Ge02 is in solution (approx. 15 mins).
Add 10-12 KOH pellets if necessary.
Adjust pH to 8.0 with 2N Hel.,
Add distilled water to make 25ml of stock (4mg
Geo2/ml) •
Dilute to 200nd and use 26ml/1.

(
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APPENDIX 3: O.lM Na Cacodylate Buffer

Double di.stilled w~lter to make 1000ml

Adjust pH to 7.2 - 7.4 by addition of drops of
concentrated Hel. Store in refrigerator.



Spurr's Low Viscosity Epoxy' Resin
(Harper, J.983)

Ingrl3dients standard Long life

ERr_,4206
DER 736

)\ NSA

Sl
pot life

109
69

26g
U.4g

2 days

109
5g

26g
0.2g

7 days

The long life Spurr's resin (Harper, 1983) requires a
longer polymerisatjQn time than does the normal
recipe ( 18 pnd 12 hours respectively). It is also
moze brittle and harder than the nozma I resin. ca.re
must; thus be taken to prevent. shatter{; ~ duri":q the
trimming and sectioning processes.
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APPENDIX 5: st:ains for Tram~mission Electron
Microscopy.

1) Uran~l Acetate

19 uranyl acetate is made up to Soml with distilled
water. The flask is kept light tight due to the
sensitivity of the at.ai.n.

2) I...ead Ci trgtte

1.33g lead nitrate Pb(N03)2 is comb.ined with 1.76g
sodium citrate Na=~(C6H507).2H20 in 30ml distilled
water and shaken \';f,'.ll(lead nitrate becomes lead
citrate) •
Bml fresh NaOH i~ added anu made up to 50ml with
dis·tilled t"mter.
Turbidity may be removed by centr.ifugation.

3) ~aining Process

A petridish is lined with dentel wax and filtered
drops (through a millipore filter) of uranyl acetate
are placed onto it. The grids are inverted onto these
drops and stained in dar ..kness for rs minutes.
Pellets of NaOh are enclosed in the second petridish
to remove C02'
Filtered drops of lead citrate are placed onto "~he
derrca L wax in the second dish.
The grids are washed well in distilled water and then
inverted onto the lead citrate for a further 15
minutes.
'Illlegrids I\\re washed in O. 02N NaOH followed by
distilled ~,ate:t'before being dried.
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APPENDIX 6: DATA

WATER MOVKMBNT (section 3.3)
Wave Action \";

a) Wave strength
Site L1 L2 L+ I 1+ H H+
Mean (1".1) 355.6538 539.4911
Standard Deviation 209.5831 281.0404
Salp~ ,e HUlber 30 57 C'

b) Wave Kober
Site t1 L2 L+ I 1+ H H+ /1Hean (nur/lin) 5 7.0833 1il.7 i ,..

Standard Deviation 0.816496 1.296363 0.989949
Salple lfUlber 3 12 11

Water Motion
a) Lifesaver Sweet Dissolution
site
Mean (9/lill)
standard Deviation
Sa'ple NUllber

L1 L2 L+ I It H H+
0.1271 0.15716( 0.1749051: 0.15139 0.189015 0.349353 0.41894

0.04309 0.033707 0.075635 0.021792 0.093197 0.02736 0.088258
9 9 10 9 10 10 9

b) Plaster Block Dissolution
Site
Mean (% loss)
Standard Deviation
Sa.ple BUlbar

L1 L2 L+ I 1+ H fI+
53.0869 42.43929 46.14003 22.4912 46.46515 61.86759 68.94019
6.19906 3.821027 11.66194 - 14.4l.67311.04235

2 5 S 1 5 4 1

SAND COHTRN:r OF WATER (Section 3.4)
site
Hean (9/10011)
Standard Deviation
Sillple NUlber

Ll L2 L+ I I+ H H+
0.05721 0.06185 0.071564 0.086035 0.043701 0.047364 0.101126
0.O~232 0.00265 0.006002 0.033193 0.003906 0.029087 0.0441'7

46 12 19 38 19 34 39
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SMW DEPOSITION (Section 3.5)
Site
Mean (9)
standard Ueviation
Salple BUlbar

L1 L2
300.88
10.859
3

L+ I
347.033

8.B69548
3

1+ H H+
326.2166 354.6633

~ 49.9235 22.8396~
3 6

~IAXIM()'HLAMINA LENG'fll OF THE POPULATION (Section 3.6)
1·larch
site L1 L2 L+ I It H H+
Mean (I.) 64.225 204.656 354.98
Standatd Deviation 33.19 110.09 188.827
Sa.pIe BUlber 42 32 50
April
Site L1 L2 Lt I It H H+
Mean (0) 44.4125 151.333 157.2985 229:144
Standard Deviation 20.2 67.33 76.32 10!.79
Sallple NUlber 30 27 28 47
May
Site L1 L2 L+ I It H 11+
Mean (r" , 16.6 177,3665 109.911 104.508
Standar~ IJeVla~ion, 9.156 81.45 74.66 41.7

.1 15 61Sample NlIMer ., 37 34
July
site L1 L2 L+ I It H Ht
Mean (0) 44.29 49.4 195.4 94.167 74.261 61.098
Standard Deviation 21.8 16.64 104.92 42.04 3L29 28.81
Sa.ple NUlber 31 25 15 30 23 51
September
site Ll L2 L+ I l+ H .11+Nean (Ill) 50.381 98.6 113.2 204 135.677 69.235 51.117
Standard Deviation 34.1.8 43.18 49.78 47,39 12.37 31.15 18,'1
Sa.pIe Ntmber 20 31 25 6 31 42 6tl

Oct()Mr
Site L1 L2 L+ I I+ H H+
lIean (Ill) 54.375 96.814 130.524 159.611 150.485 69.826 57 .3,]~;
standard Deviation 24.83 56.~9 S1.91 59.55 72.43 3'1.02 22.691

Sallple Number 24 ~3 21 ;L8 30 23 48
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MORPHOMETRY (Section 3.7)
Faatures of the Roldfast

a) Holdfast Dialeter
site
Mean (II)
~tandard Deviation
Sa.pIe Nlll1ber

b) Holdfast AXea

site
Mean (;a2)
Standard Deviation
Salple NUllber

0) Holdfast wet l111ss

site
Mean (9)
Standard Deviation
salple NUlber

d) Holdfast Dry Mass
site
Mean (g)
Standard Deviation
Sample NUlber

Features of the La.ina
a) La.ina Length
site
Nean (u)
Standard Deviation
Salple NlllIber

L1 L2
15.8 15.7

4.41814 2.8
25 31

L+ I I+ H H+
12.95 18.75 22.2333 23.2333 21.85
2.75 0.75 0.997775 5.292972 7.774799
~ U H ~ %

I L1 L2 L+ I' I+ H Ht

1

0.00022 0.000221 0.00013 0.000302 0.000442 0.000418 O.00051ti
9E-05 3.78B-05 4.78E-05 4.51E-05 6.98Eu05 8.41E-OS 0.000361
25 30 28 24 36 41 53

Ll L2 L~ 1 1+ H fit
0.84778 0.a65722 O.37243~ 1.192106 2.726527 ).842743 5.54'25
0.472210.2920410.2061190.048794 0.705107 1.67b~b~ 6.296589

25 31 27 26 36 42 56

Ll L2 L+ I T.+ H lit
0.446660.4'12798 0.208987 0.793103 1.737797 2.552811 3.675489
0.298~3.0.160634 0.1205270.1101360.5221150.977474 4.274647

25 30 28 24 ~6 41 53

11 12 L+ I It H Ht
46.191 86.82772 83.7531 112.6815 113.9552 113.6776 118.2855

9,~9151 21.68067 6.10605 0.5565 15.44263 58.57134 79.21833
79 93 87 87 112 131 158

b) Lanina Width
Site Ll 1',2 L+ I 1+ 11 Ht
Mean (II) 8.21 12.75 12.5 13.15 13.7 12.0333 12.525
standard Deviation 1.24956 1.05 0.7 0.05 2.!S29M 0.805536 1.640693Sa.pleN_r 79 93 87 87 112 131 158
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c) Lamina Area
Site
Mean (12)
standard Deviation
Sa.pIe HUlIher

d) Lalina Wet Mass
site
Mean (9)
Standard Deviation
sa'pIC !lumber

e) Lamina Dry Mass
site
Hean (9)
Standard Deviation
salple HllIber

L1 L2 L+ I I+ n ]1+
0.00234 0.005629 0.003653 0.005023 0.007341 0..007301 0.0t,0989
0.00106 0.001548 0.000698 0.000332 0.001949 0.004786 0.0~8894

25 30 28 24 36 41 53

Ll L2 L+ I 1+ H nt
0.58304 1.890099 1.456708 2.032364 2.590434 2.947458 9.132947
0.28589 0.850354 0.182288 0.544798 0.850668 1.785521 12.81749

25 30 .28 24 36 41 53

Ll L2 L+ I It H B+
0.086~2 0.277172 0.191383 0.29101 0.355442 0.508193 1.63888
0.04003 0.154391 0.033063 0.083043 0.116539 0.336811 2.40t742

25 30 28 24 36 41 53

fl Dichotomy Hulber - Total
SitE!
Mean (nUlber)
Standard Deviation
sa.ple NllIber

L1 L2 L+ I 1+ B H+
0.26667 1.291731 0.955669 1.328869 1.093974 1.737968 1.671764
0.12086 0.352337 0.073316 0.233631 0.49556 1.218784 1.236606

79 93 87 87 112 131 158

g) Dichotomy Bulbar· March
Site
Itean (llumber)
Standard Deviation
saiple lflllber

I+ H H+
3.461538 3.652174
2.134529 1.154701

13 23

L1 L2
0.17647
0.51281

17

L+ I

hI Dichotomy Number - october
site
Mean (nunber)
standard Deviation
Sa.pIe NDr

I L1 L2 L+ L I+ H H+
0.186051.644068 1.028986 1.562~ , 1.6 .0.8875 0.534884

1
0.38,9140.987425 1.141713 1.116286 1.134087 0.806129 0.67682

25 30 28 24 36 '41 53

i) PercentageLaainae without Dlcbotoaies
Site
Hean (%)
standard Deviation
Sallple Number

L1 L2 L+ I I+ H H+
57.9727 19.1675 37.091518.2291733.7626316.20277 29.8666
30.60687.3030911.79738615.10417 19.81475 10.72631 21.25085

79 93 87 87 112 131 158
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j) Lamina NUlber Less than 5n
Site Ll L2 L+ I I+ H H+
Hear.. (n1llber) 6.4 3.88 5.005 6.28 7.04 5.04 5.4
standard Deviation 2.861,24 0.07 0.805 1.12 2~282513 2.202543 1.785525
sallI,le Hur 25 31 27 26 36 42 56

k) La.ina HUiber Greater than 5ll
Site L1 L2 L+ I 1+ H R+
Mean (nUlber) 16.843~ 18.55 12.4 16.6 23.2333 14.8333 12.6825
Standard Deviation 9.23636 4.75 2.8 3.4 4.970133 5.067763 8.59746
SallpleNor 25 31 21 26 36 42 56

STRUCTURAL I?kOPERTIES(Soction 3.8)
Tensile strength
a) Tensile Strength - Total
site
Hean (Dynes/II)
Standard Deviation
SaJple Nutlber

u L2 L+ I It H 11+
349.946 477.8319 500.6245 497.8499 413.8855 372.2087 524.e7
14.2167 92.45665 13.86175 44,22145 27.61C. 147.3367 86.13128

23 45 39 64 39 3' 48

b) Tensile Strength - March

Sits
Mean (Dynes/an)
standard Deviation
sa.pIe Hlmber

I It n H+
317.m.S5509.7818
168.1459 234.4934

12 23

J.l L2
334.902
99.3282

13

L+

c) Tensile Strength - october
site
Mean (Dynes/1m)
Standard Deviation
Sample Hulber

L1 L2 L+ I 1+ 11 H+
346.065570.2886 486.7628 453.6285 379.2213 573.8095669.6879
72.7695242.5241 179.7679 216.5215 172.8221 153.0213 234.2619

6 27 31 48 25 21 18

Attach~ent strength
a) AttaclllentStrength - Total
Site L1 L2 Lt I I+ H H+Hean (Newtons) 7.07233 13.5886 12.8736 14.504 14.609 10.6315 9.8245standard Deviation 2.07433 2.14041 2.31631 7.9787 1.281 1.94515 4.1405SaMple NUiber 18 31 27 20 26 32 30
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b) Attachment strength u Se[ltelllbsr
slte
Mean (Newtons)
Standard Deviation
SUple HUlber

Ll L2 L+
9.14667 11.44818 15.19
5.09747 5.692414 3.205663

3 11 5

r 1+ II ll+
13.328 8.686363 5.684

6.576961 6.534379 3.655019
5 n 10

c) Attach.ant strength ~ october
sib
Mean (Newtons)Standard DeviationSa.ple Nuaber

Sclerophylly
a) La.ina Scleropbylly
SiteMean (g/1I2)
standard Deviation
Sa.pIe NIDlber

b) R~ldfast Sclerophylly
site
Mean (911112)~~tandard DeviationSa.pIe NUllber

Succulence
a) Laoina Succulen~e
site
Mean (g/m2)
Standar.d Daviation
Sa.pIe Nltmber

h). Holdfast succulence
Site
Mean {gIll)
Standard Deviationsa.ple KUKbar

L2 L+ I 1+ II 11+
15.729 10.55727 14.504 15.89 12.57666 13.965
3.76663 3.548011 7.978728 4.725561 3.247946 4.856935

20 22 20 21 21 20

Ll
4.998

2.83015
15

Ll L2 L+ I 1+ H J1+
33.8053 43.720667.99&68 55.83715 46.13817 74.71776 58.88457
4.34528 4.345276 5.405022 11.10497 9.637083 10.99628 11.28964

25 30 28 24 36 41 .53

I Ll L2 L+ I 1+ H J1+
1344.996 1858.918 1230.215 2004.78 3046.873 3919.782 5085.762

1

432.353 432.3528 377.4704 334.2028 846.6412 349.7225 3291.856
25 30 28 24 36 41 53

L1 Lt L+ 1 1+ H H+
231.815 316.9802 520.8263 570.6883 343.3575 423.1356 422.2757
15.2648 15.26479 77.56139 lOO.b699 71.17438 37.31845 98.83651

25 30 28 24 36 41 53

u ~,2 r.+ I I+ It 11+
2179.84 3488.626 2253.644 3109.021 4459.07 5674.927 '/974.564
583.296 583.2964 538.5042 20.38445 456.949 456.9225 ~693.254

25 30 28 24 36 41 53
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Desiccation
site
Mean % Loss (5ain)
Standard Deviation
Mean % Loss (lOlin)
standard Deviation
Hean % Loss (15.in)
Standard Deviation
Mean t Loss (20Iin)
Standard Deviation
Mean % Loss (25Iin)
Standard Deviation
Mean % Loss (30.in)
standard Deviation
Uean % toss (35Iin)
standard Deviation
Mean % Loss (40Iin)
standard Deviation
Mean % Loss (45Iin)
Standard Deviation
Mean % Loss (SOlin)
standard Deviation
Mean % Loss (55Iin)
Standard Deviation
Moan % Loss (6011n)
standard Deviation
Maan % Loss (70.1n)
Standard Deviation
Mean % Loss (SO.in)
Standard ~viation
Mean % Loss (9011n)
standard Deviation
M0~n% Loss (100Iin)
standard DeviatioA
Mean % Loss (llOmin)
Standard Deviation
Mean % Loss (120)>1n)
standard Deviation
Mean % Loss (150.in)
standard Deviation
Mean % Loss (laO.in)
Standa~q Deviation
Hean % Loss (210Min)
standard Deviat.ion
Mean % Loss (240.in)
Standard Daviation
Mea~ % Loss (270~in)
Standard Deviation
Mean % Loss (30o.in)
standard Daviation
NUlber Sa.ples

Ll L2 L+ I I+ II H+
21.3841 14.04071 14.16361 14.06371 13.70221 21.222210.21064
5.26877 4.443468 1.49716 1.306517 1.078672 9.068059 1.'1.>47(16
33.5666 24.3958 26.27913 25.51171 25.53714 22.16533 18.31.567
5.78355 4.497049 3.34131 3.190~19 2.538081 8.255148 2.73338
44.966 32.98289 36.11622 36.64488 43.4347 33.0438 25.40393

6.12882 5.762787 4.246878 3.184821 10.13299 11.39766 3.395197
60.2775 39.90027 46.55379 46.10778 43.B1231 41.80799 31.31841
13.09857.793518 5.074529 3.722173 1.175973 12,40804 3.284506
61.Q908 46.25862 55.87551 55.21915 52.78348 49.88765 37.0561
5.91384 9.020596 5.303974 4.157577 0.176643 13.15841i4.036225
63.9385 51.24194 63,06372 63.78594 60.29129 56.77273 42.04281
8.81068 8.841032 5.626295 6.269968 0.790868 13.50816 4.947685
70.492255.79788 69.09016 69.33858 66.60831 62.78703 46.88489
6.95859 9.308824 5.711181 5.660694 1.416211 13.12811 5.22571~
74.841557.92199 73.46397 74.41631 72.1757& 67.39214 50.9924
7.67605 8.619503 22.31708 6.042888 1.685626 12.72139 5.776457
76.426262.55266 76.4244 77.B8405 76.147'770.70371 54.54363
7.54918 1.962895 5.821019 6.13056 1.661878 12.39865 6.329765
80.442 65.37521 19.1689 80.~2364 79.97754 73.42141 57.89832

7.401657.3271115.768598 6.0750751.79875512.04641 6.8383&
82.0813 67.84495 81.09759 82.80002 82.638G4 75.760'14 60.75314
7.57367 6.939228 5.68763 5.853222 1.714766 11.69805 7.078975
/l~,5996 70.14756 82.87474 84.67503 3<1.617 77.769667.13975
'i,"0196 6.52581 5.6994 5.4208111.470057 11.38078 33.02384
86.4401 75.11229 85.46694 89.97592 89.22424 81.78699 73.23496
8.16255 5.388374 5.540819 6.652901 1.650692 10.04035 3.092572
88.2903 78.08638 87.41575 90.89322 91.46992 84.02944 77.1918
8.56174 4.875568 5.696515 4.356122 1.432756 9.577991 2.873987
C9.3926 80.73078 88.89811 91.23589 93.09928 85.81853 80.44878
8.66798 4.07228 5.847009 3.124035 0.95821Z 8.987725 2.997141
90.3659 82.8943 90.19148 92.43123 94.~5S58 87.36956 83.51863
8.67421 3.405574 5.1l79l43.166533 0.610598 8.48606B 2.99732
91.1335 85.01965 91.41419 93.50067 95.42456 68.90293 66.30201
8.93254 2.655472 5.640311 2.687398 0.425496 7.808732 2.873215
9108784 86.84825 92.3859 94.39268 96,2853 90.29018 88.79598
9.04955 2.409462 5.414655 2.318539 0.353727 7.137796 2.879032
92.5042 90.49311 94.10689 96.1355 97.68816 92.86849 93.30899
9.16248 1.27343 4.965569 1.24023 0.366 5.657469 2.777677
9Z.8422 92.87559 95.0273 97.12864 98.33865 94.51618 96.44428
9.12.0560.619378 4.304238 0.503841 0.512484 4.259087 3.334088
90.4274 94.42812 95.5522 97.59972 98.55579 95.4291 98.01073
&.79334 0.337153 3.537869 0.2633 0.671014 3.343866 3.539611
93.1035 9~.57624 95.85955 99.04517 98.6695 96.41058 99.30406
9.07093 O.4,?41U 2.832663 1.556077 0.710323 2.346162 3.d90386
~~ 1'~1 97.1l726 95.98223 98.07906 98.7247296.87124 99.80038
9.0~b56 0.514957 2.438924 0.240987 0.721843 1.93649 4.04788
93.1114 96.78528 9fl.0191598.0'156698.68597 97.11771 99.94276
8.974140.524783 1.52391 0.271780.785781 1.7338454.173131

3 3 333 3 3
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Rehydration
sit~
Hean (%)
Standard Leviation
Salple Hur

L2 tt I 1+ H Rt
64.577667.48338 '77.8155964.09452 68.57964 63.93955
4.631 1.916 4.884 4.2 2.68 "!:

3 3 3 3 3 3

L1
49.9244
8.323

I 3

REGENERATION (Section 3.10)
Apical Tip Elongation Rates
Day 0 5 11 18 27 34 41
Tip 1. Length ('Itl) 0 1.5 4 5 6.5 7 10.5
Tip 2 Len¢h (D) 0 1 3.5 5 8 9 13.5
Tip 3 Length (u) 0 2 4 5. 5.5 6.5 7.5
Tip 4 Lel\<jth(u) 0 1 3 3.5 3.5 5 8.5
TIp 5 Length (II) 0 0.5 1.5 3 4 9 11

TETRASPOROGE1lESIS (Section 3.12)
Spore Thallus Elongation Rates

2 4 d 8 13 20
0.00567 0,003333 0.003333 0.008 0.005667 0.004667
0.01627 0.01672 0.014907 0.02151 0.017452 0.02125
0.00533 0.028 0.036 0.010333 0.OO13~J 0.015333
0.03313 0.041451 0.0511 0.030214 0.01.0669 0.021554
0.03067 0.067 0.0871 0.095 0.126667 6.149667
0.04~57 0.047216 0.037094 0.059251 0.048421 0.055972
0.05267 0.079333 0.101667 0.103G67 0.12 0.135667
0.03658 0.041931 0.031883 0.050773 0.0~9221 0.047727
0.03533 0.0~6667 0.054 0.053333 0.058 0.041~6'l
0.0314 0.03134 0.028821 0.026575 0.03559 0.02345
0.003 0.008667 0.007 0.007

0.02108 0.023627 0.021523 0.021367
30 30 30 30 30 30

10·C • length (Ill
Standard Da'liation
15·C - length (u)
Standard Daviation
20'e - length (0)
Standard Deviation
2S'C ,.length (0)
Standard Deviation
30'C • length (Mi)
Standard Deviation
35'C - length (.i)
Standard Deviationsa.ple Nur
spore Rhiz~id Elongation Rates
Day
10'C ..length (II)
standard Deviation
lS·C • length (I.)
Standard Deviation
20'C ..length (0)
standard nevintioll
25'C - length (.1)
Standard Deviation
JO·c - length (u)
Standard Deviation
35'C - length (II)
standard Deviation
Sa.ple !{ulMr

2 4 6 8 13 20
0.01267 0.0].66670.012667 0.009333 0.008 0.039333
0.05554 0.055602 0.032221 0.067168 0.051511 0.046885

0.04 0.077 0.07 0.085 0.109 0.154333
0.06551 0.073399 0.101902 0.100158 0.085664 0.1074.19
0.15733 0.315667 0.474 0.608667 0.662 0.801333
0.0879 0.09922 0.0966~9 0.148071 0.186555 0.278181

0.21033 0.373 0.534667 0.v33 0.662667 0.641
0.07265 0.132357 0.lt9981 0.185935 0.1~5234 0.185547

0.C9 0.123333 0.113333 0.073667 O.0~3333 0.065667
0.05604 0.065802 0.089572 0.059044 0.079183 0.060218
0.019 0.016333 0.02 0.018333

0.05892 0.069219 0.047405 0.06642 0.061454
30 30 30 30 30 30
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PLATE 1

sites at Palm Beach, Natal where J2. 1.QruJifolia was
observed growing lAnder varying degrees of wave exposure.
A 12. longifolia growing in a calm pool in the upper

regions of the shore.
D A highly wave exposed site at Palm B~ach where

12. longif..Q]...is was obaerved to grow prolifi.cally.
C Q. 19n9ifQlia left exposed to the air in areas of

extreme wave activity.
"

D Highest wave exposure stte (H+) composed of a long
wave exposed bed of rock (Fig. 3, A for map).

E Site of high wave exposure (H) where the area in
which 12. long_;lfQliswas observed growing was
partially protected by a large rock (Fig. 3, B for
map) •

F site of high, intermediate wave exposure (I+)
oonsisting of a raised pool heavily washed by
waves "from the deep t'laterson the far side (Fig.
3, C for map).

G The sandy gully which experienced ,intermediate wave
exposure (I; Fig. 3, D for map).

H The higher, low wave exposure site (L+) consisting
of a raised pool interconnected with other pools
(Fig. 3, E for map).

I-J Two lowest wave activity sites consisting of raised
pools far back on the beach (t2 and Ll; Fig. 3, F
& G for maps).

'"\
)
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PLATE 2

Methods used to measure environmental conditions and
aspects of tile structure of n. ~ ..
A Modified dynamometer in which the ~lav'eforce was

determined t)y measuring the extent of the
stretched elastic band, using a spring balance.

B structure of the dynamometer showing the drogue
(d), the cable tie (0), elasti.c band (e) and tlle
head of the tie (h) threaded ontd "he tie.

C The dissolution technique using u:LJfesaver" sweets
attached to a wire coat hanger to deterntine water
motion.

\!

D-E

F

G

H

I

J-K

The round, boiled sweets of var.ious flavours,
characterised by a central hole and. known as
"Lifesavers". Ii;

t.

The dissolution method of measuring water using a
plaster of paris block fastened to a well attached
tuft of seaweed such as Gelidium.
'1'1h.9 ice-traJr.(t) U~rd to ensure tht:!consistency of
tl'l.eplaster of parils bloc](;s.

\\structure of the block (b) attacherl to a cable tie
(c) by an embedded piece of wire (w).
The tensilmeter constructed according to Martens
and de V. Booysen (1968).
A diagram to show the procedure of tensile strength
measurement. A piece of plant was attached between
the two clamps (c) of the tensilmeter. The balance
(b) read the mass of the top clamp only in Jtwhile in K the balance measured the mass of the
clamp and the force exerted 01'1 the plant just
prior to its breaking.
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PLATE 3

Methods used to ..dleasure environmental conditions ..•and
aspects of tile structure of Do lQ~in.
A Adaption of the plucking meter for firmly attached

plants (attached by ca.ble tie). J I.

Plucking meter for nOFmally attached plants
(attached by a C'la,lT',~J).
structure of the plucking meter showing the clamp
(c), the elastic band (e) and the ruler (r) used
for the measurement of force.

B

c

D The sand trap in the field, showing the pipes
filled with sand.
structure of the sand trap showing the brick (b)t
the pipes (p) and the wire used to secure the
pipes into the brick (w).
Structure of the pipe arrange:metlt showing the
securing wire (w), the PVC pipe (p) and the piece
of cloth attached over the bottom of the pipe (c).
The dehydration experiment comprising .:r.ndividual
stands and an oscillating electric fan.
The large plants wer~ attached to the under side of
the shelf above the arrangement.
TIle structure.of the stand compr.ising a petridish
(d) and the glass rod uprights' (s) •

E

F

G

H

I

J The aerated, plastic 21 bottles arranged on a shelf
in a waU::-in growth chamber.
A plastic dish consisting of 6 wells and used for
the culture of plant segments.
Whole plants were kept in tanks (t) and 250m!
flasks (f).

K

L
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PLATE 4,

General morphology 0:':: :Q~ lQngifoli§.
A The entire plant is composed of a number of laminae

attached to a holdfast.
B The perenn:~al holdfast gives I.-iseto new lam.inae.

ii,

C-D The holdfast is composed of numerous intertwined
rhizoids and may give rise to many laminge.

E-G The intertwined, multicellular rhizoids of the
holdfast showing the rounded growing tip and the
branched nature.

H The rounded growing tip with a high density of
granular material concentrated in the terminal endof the cell.

I Rhi:.!l";;d production at the base of the ~,.idribwherethe Lamd.na wing has been removed Qu.~ tt, _tbrasion
and herbivory.

J The well develop.ad rhizoids on the midrib at theDase of the lamina.
K S.BM section through the base of the lamina showing

the rhizoids produced from the midrib meristoderm.
L Rhizoid product.Lon from the midril.>in an area near

the apex of the lamina where the lamina wing hadbeen abraded.
scale bar = lOOpm, except K = 200pm
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PLATE 5

General morphology of ~ l2ngiZolia~
A~B The flat, strap-like laminae are dichotomously

branched and ha.ve a prominent midrib and a sunken,
apical meristemati(: region.

C Cross-section through ·the midrib at the lamina tip.
D Cross-section through the midrib near the base of

the lamina. ThE:lreis a small amounts of rhizoid
production from the epidermis in this midrib
region.

E Lower regions of the la~dlna exhibiting rhizoidprodUction from the remal.ns of the midrib.
F cross-section through the base of the lamina where

the rhizoids are well developed and the lamina
wings are absent.

G-H cross-section through the thickened margin of tne
laMina wing tip. Note the small cells on the outer
periphery of the thickened nlarqin.

I SEM of the meristematic cells found in a sunken pit
at the apex of the laminae.

J The apical pit showing the elongated meristc:matic
cells .and the layer Of protective material.

K Spor~\s fo\md in patches on the surface of the
lami1:'~tdng away from the midrib.
Antheridia scattered on the surface of the laminawing.

~-N Clumps of multicellular hairs produced from pits onthe surface of the lamina.
o Detail of the multicellular hairs.
Scale bar = 100~m, exoept C, D, P, G and H ~ 200~m
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PLATE 6

Sand deposition in someof the sites at; PalmBeach J

Natal ..
A-E An individual ~. l.Qngj.foli.§,plant experiencing

va:r.ious dll:'lgrees of sand inundation, I frOJ\l
completel:! exposed to almost 't.otally covered.

F-I The intertl.ediate wave activit~r, sandy gully site
(I) under 'varying degrees of sand cover, froY!
being a d1aep pool to total sand inundation.

J-r.. The highee;t wave exposure sit~~ (H+) showing varying
degrees 0:.1: sand Lnundatd.on fr,Dma, total absence of
sand to heavy sand inundation.
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PLATE 7

Detail of the apical region of 12. 12ngifoliS! lami.nae~
A-B The apical pit (arrow) positioned at the tip of the

dichotomously branched lamina.
C~D Young laminae lackirlgthe sunken pit but; baving

some meristematic cells in the apicill region
(arrows).

E SEM of a young lamina lacking the apical pit but
It
I exhibiting the elongated, apical cells.

F-G More mature apical tips, lacking the sunken pit but
exhibiting the characteristic, longitudinal cell
division (arrows).

H SEM oi! a macure apex exhibiting -the sunken pit and
the longitudinal cells.

I-K The apical pit showing the elonga~ed cells in
different stages of division (small arrow ==
completely divided I lat'ge'arrow = begjnning
divisiorl). The exterior layer of material covering
the apical pit is also visible.

L 'l'heearly stages of a diChotomy showing tIle initial
devaf.opment; of ,twolneristematic centres.

M l~ more advanced dichotomy showing two completelylseparated meri stematic pits.
Scale l:)ar== 25J,tm
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PLATE a

Detail of the layer lining the sunken, apical pit of
D•• longifolia.
A-C The sunken, apical pit exhibiting the thick,

exterior bilayered region lining the region
(arrows).

D Detail of the layer lining the pit showing the
inner, thinner, more dense layer and the thicker
layer which is thought to be mucilaginous •

Scale bar = 100~m
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PLATE 9

Detail of the structure of the wing of n. .longifolj.a.
A-B Thickened region along the outer margin of the

wing.
C-E SEM sections through the thickened region on the

outer edge of the wing.
Detail of the thickened area showing the region of
smaller cells lying under the epidermal cells.

G Cross-section through the wing of a young lamina
exhibitint1 only two layers of wing cells, besides
the epidermal layers.

H A more mature, young lamina with more layers of
cells in the wing.

I SEM section of a young lamina having two layers of
wing cell.s besides the epidermis.

J Cross-section of a mature, multilayered lamina
wing.

l(-P Various views of the thin walled, irregularly-
shaped wing cells.

Scale bar = 50~m
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PLATE 10

sections through various regions of the lami;namidrib of
n. longifoli,a, from the tip to the base of the plant.

A-C sections through the midrib at the tip of the
lamina showing the thin epidermal layer, thin-
walled central cells and the lack of peripheral
protrusions. The wings are intact.

D-E sections th:cough the midrib further down the lamina
showing a thicker, denser epidermal layer, thick-
walled central cells and a. lack of periph\ ''\7al
protrusions. This region has intact wing tissue.

F-G sectio:rlsthrough the nlidrib in a region where the
development of -the protruding rhizoidI" begins.

H-J sections near the base of the lamina showing the
midrib region with longer, protruding rhizoids.
The meristodermal layer is clearly visible between
the midrib cells and the rhizoids. The wing tissue
is still intact.

K-M Sections through the stipe region indicating the
decay of the wing tissue (arrow), the decrease in
the size of the midrib rag ion and the elongation
and intertwining of the rhizoids.

N-O Sections through the holdfast region showing the
tota.l .abs~nce of wing tissue, the small amount of
midrib tiss..:-eand the entangled mat composed of.
the elongated ::hizoids.

,Scale bar = 100J.Lm,except C = 851Jm, A, 0, G, K, I, Nand
M = 200J.Lm
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PI,ATE 11

Detail of the c:rc.;ss-section of cello :£.ro:mthe midrib
region of p-. lQpgif.oli~.

A-H cr.oss-sections of the cells of the midrib region,
showing their cuboidal shape and thick walls.

,I

TE~4sections of the cells of the :midrib with thei

extremely thick (4~m) walls evident.
I-J

,
)i

TEM photographs showing detail of the thick
multilayered walls of the midrib cells.

Scale bar := 5~m
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PLATE 12

Detail of the longitudinal-sections of cells of the
midrib region and sections of the cells of the epidermis.
A tongitudinal-section through a r.egion of the stipe

t-lhichis lacking in wing tissue but has rhi2:oids.
The elongated midrib cells carl clearly be
observed.

B-D Longitudinal-sections through the midrib showing
the long, narrow cells characteristic of this
region.

E-G Detail of the elongated cells of the midrib showing
the pits in the side walls of the cells (arrow).

:a-X{ Cross-section through a regicm of t .~emidrib
sh~wing the cuboidal, thick-walled cells of the
midrib region and 'the small, dark, rectangular
cells of the single epidermal layer.

L Cross-section of the wing sho'k1ingthe irregular
wing cells and the layer of rectangular epidermal
cells.

M Longitudinal~section through the midrib region
showing the I'~longatedcentral cells and the single
layer of small, dark I rectangulal." epidermal cells.

Scale bar = 50~m
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PLATE .13

De'tail of the rhiz:oid-produciIl<]meristoderm and related
structures found in the midrib region of D.. l2.ng:i.fglia.

A The initial stages of rhizoid production from the
meristodermal region.

B-F Detail of the mOre advanced stages of rhizoid
production showing the lnulticellular rhizoids and
the layer of divie.ir..gmeristodermal 'cells.

G Detail of the meristodermal layer showi.u~ the
dividing meristomatic cells at the base co,f the
rhizoi<r!s.
TEM showing the thick lay,a:rof material covering
the initial stagas of the rhizoid production.

l' TEM of a rhizoid in the. initial. stages offorlnat,i.on.
,],-L Detail of stl:'ange dense"'staining st:l:.'tlctures

(arrows) frequently observec ~etw,,~en'[::.h(l Wawly
produced rhl~l.(.)ids and the loerisi;e:mc\'tic l..!~er.

Scale bar :::::501.Ll\l
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PLA'rE 14

Surface view of epidermal cells from different regions of
a lamina of lb.. lQngif(,)lia~
A-B A surface view of a young lamina showing the more

elongated cells in the central region, which
eventually develop into the Inidrib.

C Some of the elongated cells in the centre exhibit
longitudinal division (arrows).

D . The elongated c~lls o~ the. midrib are darlter in
colour and. can be observed on the left., while the
lighter, irregular wing cells can be observed on
the. right.

E The elongated midrib cells can be observed closer
to the top of the photograph, with ·the wing cells
at the bottom.

F Elongated midrib cells.
G The different cell shapes with the elongated midr:ib

cell (small arrow) and the irregular wing cells i\
(big arrow).

H wing cells dividing (arrows) in diffel'ent
directions.

I Highly irregularly shaped wing cells.
J-L Wingcells with differellt concentrations of

chloroplasts, from different regions of the
lamina.

Scale bar :=:: ~;OJ.'m
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PLATE 15

Detail of the rhizoidal boldfast structure,of D.
longifolia.
A-B The holdfast composed of a mat. of ent.angled rhizoids

giving rise to the laminae.
C Cross-section through the holdfast region showing

the proliferation of rhizojds from the central
:midrib region, which lacks any wing tissue.

D Surface view of the base \\ofa lamina showing the
rhizoids developing from 'the midrib. The rb.izoids
are small nearer the apex o:s: the lamina ,and
increase in length closer to \:..,'t.hebase.

E-G Surface views of the midrib region from near the
apex towards the :base, showing increasing rhizoid
length.

H-J sections through multicellulal.· rhizoids.
K-L Detail of the multicellular, branched rhizoids.
M-N An example of the structure of 1~he rnajority of

rhizoid tips showing the rounded growing tip and
the concentration of organelles in the terminal
region.

o-p Detail of a more infrequently observed bulbous
rhizoid tip which appeared to be involved in
abtiaohmerrt ,

Scale bar ~ lOO~m; e~cept C = 200~m
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PLATE 16

Surface hai'cs from laJllinaeof n. longi_folia.
A-B Surface view of multicellular hairs on the lamina

surface.
C-D sections through the multicellular hairs showing

the pit on the lamina surface into which the bases
of the hairs are sunk.

E-F Old or deformed hairs occasionally observed in
:J(~ctions•

G-K SEM of the hairs from the early stages of
production to a mature, fully protruded clump of
hairs. The multicellular nature of the hairs is
cleat'ly visible.

L-N structure of the thin-\>lalled, luulticellular hairs
showing some organelles and the large, brown
structures ~ausing indentation of the walls
(arrows) •

o Detail of the terminal cell of the hair having a
blunt ended tip.

P Sequence of the cells from the point of attaahment,
where the cells are small and densely packed with
organelles, to nearer the apex of the hair where
the cells are large and relatively empty, with
,most of the organelles present in the central
region.

Scale bar = 50~m
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PLATE 17

Other Structural Observations t.'.ndAssociations of
l},. longifQli.a.

A View of the lamina surface showing regular
structures growing on the surface.

B-D Detail of the hair-like tufts observed growing at
regular int,'9rvalson thE:!surface of some laminae.

E-G' Damage caused by what is believed to be a fungus
(arrows) gr;owing on the lamina and causing some
degradation.

H A red filamentous alga (arrow) growing
epiphytically on the holdfast.

I-J TUfts of a filamentous brown epiphyte found on the
~:a:minaiand detail of its repl'oductiv.estructure.

K Section through a red epiphyte from the lamina of
Q. l.ongifoli.g.

L-M Cross-section through a red epiphyte ~howing the
lack of any visible penetration of the host.

H-O Epidermal sloughing observed in culture and
believed to br~ involved in the removal ofepiphytes.

P Detail of what is believed to be an epiphyte on thesloughed epidermis.
Q-R The nest and body structure of the polychaete

Es~udonereis Y~riegata frequently found living on
11. longifoili.

S Large bites out of the lamina, believed to havebeen made by a feeding fish.
Scale bar = 50~m
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PU~TE18

c

Degeneration of the basal wing tissue is a natura),,)
annual procedure occurring mainly in winter. i\

Removal of the Lami.naetips occurred due to
herbivory.

A hi.ghly abraded plant showing most of the laminae
reduced to the midrj~ cegion. The extent of the
degenerat.ion is. chouqht; to be a result of sand
abrasion as weli~ as senescence and hE'rbivory.

o

Degen~:t'ation and regenerattQn of 11.. Jongifolia in the
field.
A

B

!i
l)-li,1 Plants showing degeneration of the lamina material,

with E showing the laminae reduced to the midribs
(ar:rcw)•

G-H Thalli eX~'libiting regenera·tion of new laminae from
the damaged tips.

1<

Plants in the field ex'l-dbiting regeneration fl:'om
the damaged lami.nae tips.

A plant in the field showing the remaining old,
abraded laminae reduced to midribs (big arrow),
and tile nato] laminae regenerating from the original
holdfast clumps (small arrow).

L New laminae regenerating from an old holdfast clump
Lackd.nq any remaining abraded laminae.

Scale bar == 50J,&m

\1 0

,0 '0:

o
\, '<:»

I
I

399

<) II

\\





PLNfE 19

Regeneration from lamina sections of n. ]lqngi~-
A seed.on of the Land.na across the ,..ling and including

t,he midrib did not axhi bit regeneration.
B section across the laminae but includ:i.ngthe midrib

and a small section of wi11gtissue did not show
any regeneration due to the high degree of
epiphytism resulting from the growth medium.

C A similar section to that in,B, but kept in
filtered seawater exhibited some regeneration from
the midrib region after three weeks in culture.

D-F Detail of the initial regenerated material showing
both regenerated rhizoids and laminae-like
structures, without any well developed laminae
forming.

G·_J Various stages of the regeneration of laminae (at
three day intervals) from the cut edge around the
midrib region of a lamina.

K A mature regenerated laminae sho'\'lingrhizoids at
the base (arrow).

L Some cut edges produced an undiffsrentiated cal.luscc:msistirlgof a few protrusions of tissue which
did not develop further.

S~a.le bar = lCOp.m
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PLATE20

Regeneration from dif:eerent sections of the lamina of
~. J...mm.f.Q.liA.

A-C A sequence of elongation of a removed lamina apex
(at weekly in·tervals), which elongated without.
showing any regeneration of net~laminae.

D-E Twoapical sections which had the tj_ps dama\gedand
subaequerrt.Ly developed regenerated laminae from
the basal region, ie in the opposite dil:ection to
that of the original growth (after a three 'fleek
period) .

F An apical section which exhibited regeneration of
new laminae from both the apical and basal
regions.

G-H The apical section clf a dichotomously branching
lamina tiPI show.i.ngan undamagedtip and
regeneration from the base only.

I-K Sequential stuges in the regeneration of laminae
from the cut edge of the apical region (taken at
£ive day intervals), lio1herethi'3 apical tip had been
excised by a V··shapedsection being removed.

Scale bar = 1000~m
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PLATE 21.

:Regeneration from various sec·tions of the lamina of
~. longifglia (taken at weekly intervals).
A sequence of i\ew Land.na regeneration from section::">

across the lamina, including both margins and the
midrib.

B Sequence of gl:.'owthof the apical tip of an entire
lamina, with a horizontal cut made across one wing
and through the midrib.

C-D sequence of lamina regeneration from the apices at
sections of di.choty~·;1'"\i.nglaminae which had the
apical tips removed ,i h straight horizontal outs.

E Sequence of Lami.na reg'9nera'l:.ionfrom a complete
lamina, with the apd.oaf, I'egion removed with a V-
shaped cut.

F sequence ()f growth of the; apex of a complete lamina
with a horizontal cut made across one wing and
thl(roughthe midrj.b.
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PLATE 22

sequence of development (at three day intervals) of a
single lamina regenerating from 'the cut surface of a
lamina section of U~ longifolia~
A-E Sequence of development of the initial outgrowth of

tissue which developed into the regenerated
lamina.

F-I sequences of further development of the lamina
showing thr development of the apical pit and the
surface differentiation of- cells of the rnidrib
region.

J A rna-cure regenerated lamina developing a dichotomy.
Scale bar : lOO~m
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PLATE 23

SEM studies on stages of lamina regeneration from the cut
edge of a lamina section of ~. ~ongifolia.
A-D Sequence of development of the initial stages of

regeneration which developed on the cut surface.
E-G Early development of the laminae showing the thick,

elongated apical cells.
H-I Advanced stages of the developing laminae.
J Apical region of a developed lamina showing the

dividing, elongated, apical, meristematic cells.
K-L Large, developed laminae growing from the cut edge

of the original lamina.
M Fully developed laminae exhibiting apical pits and

having rhi:z:oidsgrowing from the bases of the
laminae.

N Initial stages of the development of the rhizoids
from the lamina b;se.

o The apical pit of a developed lanlina showing the
elongated, apical, meristematic cells in the pit.

p-s stages of development of the rhizoids of r.he lamina
from the· initial stage of a small prot.rusion on
the surface, to fully de·,reloped, long rhi eof.ds •

Scale bar::::25Jlm; excep/. lit K, N, 0, P, Q, R, S = lOOJjln
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PLATE' ~:i

Sect~ions through various stages of development of
regenerated u. longi.folia lami~~nae.

A-D'

E-G

H-X
I.,

Seotions th£ough recently cut laminal edges showing
how the thallus cells heal, the organel.les collect
in an undamaged cellon the cut adge, and the cell
begins to protrude outwards. It is interesting to
note the walls remaining of the damaged 1'~lls.
stages in t.be development of ~ dividing pr.otrusion
(arrow) on tbe cut edge of· the lamina. A ':\single
pl btrusion :t.ae;ns·to dominate over the othi.er
p:rotrusions in an area. '(':

Ssr.::tionsthl'ough developed, re<Jenerated l~::!:inae.
,',

Developed, regenerated lamina showing the presence
of a rhizoid (arrow).

Scole bar = lOO~m
I
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PLATE 25

stages of the abnormal develop.ent of new laminae from
the undamaged surfaces of young laminae in u,,, l..c;mgif.Qlia.
A

B

\, C

New laminae rleveloping fr.om the undamaged bas9 and
apex of a sporeling.
Laminae developing on the undamaged surface of a
r.egenerated lamina removed from the parent lamina.
Laminae developing from an abnormal apical
outgrowth of a sporeling.
Developing laminae on the surface of the original,
removed Lami.nae ,

SEM studies of' the early stages of development of
Lami.nae from t,he surface of a young Lami.na,
showing the initial protrusion of undivided
tissue.
stages in the g:!,'owthof multicellular laminae.
Abnormal, lamina-l~ke and rhizoidal outgrowths on
the new laminae, produced from the ~urface of an
undamaged lamina.

Scale bar = 50~m

X-L
H-P
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PLATE 26

Various aspects of regeneration of l~inae from the
holdfast of ~. longifolia.
A A plant in the field regen.erating new laminae from

the rhizoidal clump.
B-F Regenerating holdfasts kept in culture in a small

dish of filtered seawater.
G section through a holdfast, showing the rhizoid

producing midrib region and a section through the
new lamina.

Scale bar = 100~m
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PLATE 27
( )

Regeneration of new laminae from sections of rhizoids
from th~ holdfast of D. longi!olia.
A Portion of a ~hizoid showing the newly developed

laild.na.
B-K stages in the development of new laminae itom

sections of rhizoids.
L Advanced, regenerated lamina showing the apical pit

and a clump of hairs.
M-N Laminae lacking an apical pit showing the dividing

apical cells.
e Omitted
P SEl'{ of a lamina, regenerated from a sect.Lon of

rhizoid and exhibiting the ~ical pit and rhizoids
developing from the base.

St~ale bar = 150l"ltHexcept; H = 751"rn
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Se4~al structures of Qe 19n9ifolia.
A"'C Surface views of the antheridia I shmfling their

scat·tered distribution on either side of'the
midrib on material collecteo during, summer.

D-G Sections through ti~e initia.l stages of the
development Df the antheridia.

H-I sections through the mature arrchez'Ldd a ,
J Surfa,ce view of.what is interpreted as an oogonil.lm.
K-L Sections through what is interpreted to be the

immature oogonia.
Scale bar ~ lOO~m
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PLATE 29

Surfac..e view of the developmentof the asexual
tetral.~pores in D. longifolia.
A-B Surface view of the l.amina, showing the

distribution of the spores in patches on the
lamina wing of material collected in June.

C Sectioll through a spore-producing laminal section,
showing spores produced on both surfaces of the
lamina.

D-E Surface views of various stages of spore
development.

F The undivided spore mother cell.
G-H The first division (arrow) which divides the spore

mother cell into two.
r The second division (arrows) which divides the

spore mt}ther into four tet.rahedrally arranged
spores.

J-I{ The tetrahed:t'ally arranged spores separate t and
some begin to p:r{'duce a rhiZoid While st.ill
attached to the uthers in the tetrad. .

L The development of the rhizoids from spores, still
attached to the lamina surface and in the
tetrahedral arrflngement, is believed to be due to
~he lack of water motion in culture.

Scale bar ~ 100~m
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prATE 30

SEM of the lamina surface showing various stages of
.)tetraspore development and germination in D.. 19n9ifolia.

A-B 'lhe surface of the lamina showing various stages of
spore uevelopment.

C-G stages of the development of th,k tetraspores from a
single, small raised spore mother cell to the
'tetrahedrally arranged tetraspores.

H-J Tetrasporangia I show;;,.nqthe apical opening that
develops for the release of the spore.

R A spore released from the sporangium.
L Gerlninating spores showing long l'hizoids•
.M 'l'he development of the ori.ginal spore into a

multicellular structure which eventually forms the
lamina of the sporeling.

N-O Germinatiorl of spores in culture occurred while the
spores were still attached to the lal!tinaof the
parent plant.

P A germinating spore developing a second rhizoid.
Q Some spores genninated in the tetrad with the

rhizoids beconling intert.wined.
R-S Some rhizoids germinated with the original spore

still embedded .inthe sporangium and the rhizoids
developing outwards.

scale bar ~ 50~m

i i

411





PLATE 31 '

sections through laminae pf n. longifoli~ showing 'the
stages of development of the tetrasporesQ
A Formatioll of the spore mother cell beneath the

surface of the lamina.
B-C Early stages of tetrasporangial protrusion, showing

the raised cuticle (small arrows) and the
epider:ll'Ialcells extiendf.nq up the sides of the
protrusion (big arrow).

D-E Developed tetrasporangia showing increased
protrusion.

F-H Mature spore mother cells prior to meiotic division
and clearly showin'1 the single stalk CCi!ll
(arrows) •

I section through the lamina showing various stages
of spore formation and release.

J Unreleased tetraspore germiilating whilst still
within the tetrasporangium.

K Four unreleased tetras pores gerll'linatingwhilst
still att~jrhed to the t~trasporangium and to each
other.

L-O Vacated tetrasporangia following the release of the
tetraspores, clearly showing thE; single stalk cell
that remains.

Scale bar: =: 50J"m
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PLATE 32
II
il

Tetraspore germination and development in n. longifolia.

A-C Initial de~)':~l(;;;pmentof a :rhizoid protrusion from a
tetraspore ,.;whichunderwent fluoresoent marking
(with calcofluor) shortly after release.

,D A tetraspore shortly after release and pr.ior to any
rhizoid deve Lopme-rt.,

E-F Tetras);ior.eswith rhizoidal protr.usions developing
but p:,tior' to the division drrco a rhizoidal and a
thallta.s cell.

G A tetraspol:'e just after tne ini tial division into a
thallus and rhizoidal dell.

)I-X The deve l.opment;of the sporeling sl10wingthe
elongation and increase in cell numberof the
pd.mary rhizoid.

L Well developed tetraspores Kith mul'ticellular
rhizoids, developing while still attached in a
tetrrid. .

M A sporeling with a well developed, multicellular
rhizoid.

N-P Sporelings exhibit) "jg the early stages of
developl:~~ntof a second rhizoid and some
development of the thallus cell.

Scale bar = lOO~m
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P£ATE 33

Development of tl.\ejuvenile gam.etoph~;e of 11- lQngifplis .•
\\

A Sporeling showing early developm~nt qf the second
rhizoid and development of the thallus.

B Sporeling with two well develop~d rhizoids and the
initial stages of thallus development.

C Detail of the initial stages of thallus deve l.opmerrc
from a sporeling having two well developed
rhizoids.

D-E Multicellular thallus in the early stages of
development.

F-G Juvenile gametoph.:rte showing dividing, meristematic
cells at tbe apex.

H-J Juveni 1.egametophytes ~.ritIl roultiple rhizoids,
multicellular, w.ell-d.e-Qelopedthalli, and clumps
of hairs. I

K A fully developed juvenile with mUltiple rhi2oids,
an apical pit and the initial signs of surface
differentiation of 'the cells of the midrib region.

Scale bar = 100~m
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PU ..TE 34

Abnormal development of ~u longifoli~ spores fro~ 20°C
cultures.
A A well developed thallus with an under developed

rhizoid.
B-C Thalli which developed into more globular

structures ana. developed a "jigsaw puzzle" shaped
rhizoid. tip.

D-F Tetraspores with stu~tted rhizoids and exhibiting
the "jigsaw puzzle'! f aseptate terminal outgrowths.

G A "nor:malll rhizoid tip.
H A rhizoid tip sho~1ing t.he aseptate, lobed "jigsaw"

shaped protrusion common in the 200C cultures. '
I A highly lobed example of the terminal protrusion.
J-K Anotl!er abnormality observed in the cul,tures kept

at 20oC, with the thallus and the rhj.zoids being
deformed.

Scale bar = 50~m
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