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Leister and are 

,;:i(iU'lt::lIi::fla, a Southem west coast of 

llTn, .... "'" "'", ... "',."'.,.,. is a member of the which 

the world from a with a world wide warm +"",,..,,,,,, ... ,,,,t .. 

food as it is used in 

The first aim of this f",,...,r ...... ,,, characteristic of these two SPE~CIE~S in 

the natural environment over 

scutellata tended to in 

mass. was 

content of whereas the + .. t.."."', ....... lr ........ h,"t ... '" nh,",cuo,,,, of G. 

..:o"n""t, ...... rntt".C> were the dominant to 78% 

in summer for 

cvstocarciic fronds of S. scutellata and tll!!ltl'l'I<:;lnnril'" and 

variable 

t .. h'<=I<!I"Inriil'" and 

fronds of G. 't.I.ro"nol 

of \1""'\111'1''''' numbers but 

fronds were not encountered. 

\lOln",',,,,n and avE~ra~lea 

22 to 28% lowest 

whereas mean masses were not 

between the 

for 

than 

and 

t""t."",,,,,,, .... ,.,i,.,. and cv~)1:oc::arpic 

aPI)earea to be of three male 

""""',...",.,t",, •• , .. ,· of S. scutellata showed little seasonal 

mass 

in 
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The second aim of the was to invl9stllgalte seasonal and within a natural 

of reolrocluc1tive the seasonal 

structures. was determined the number of released per 

structure in S. scutellata and fertile thallus section in The 

n""'rni'n~tinn success rate of the released spores was then examined. 

Both were fertile 

structures in summer 

gram of fresh which 

structures were 

not show 

fronds showed 

from t"'tr~c:::nr.lr~ 

in 

I"'~.·IV\"'n/"\,."''''\ than in autumn 

was 

the year. S. scutellata numbers of 

mean 44.8 per 

also the of mean frond mass. Fewest 

in winter mean of 30.3 sari and 28.9 

of lowest mean frond mass. ot .. ,,"'''v' .. i .... fronds did 

over the course of the year •• m"" .. "", .. " cv~)to(:arDic 

The mean number of released 

summer failed to release spores in a mean of 6.0x1 Differences in 

did not appear to contribute to n~.n""ltnnh\lt"" rl,nm.in"lnl"''''' as there were no ",innifil"'~'nt 

differences in the number of Vy, ..... <:;:u between the two nh,,,,,,,,,.,,, In terms 

of enhanced +""+ .. ",,,,nn, .. ,,,,,,, would contribute to n""matnn,I""rI'o dominance. In 

the case of S. 

to release spores, but 

have been released in summer when 

tot'"<:><>,",""FO<> than carpospores were released per 

structure in of 7.3x1 tot, .. ",,,, ... n, .. ,,,,,,, released per +otr·"''''.'n .. '~nn sorus 

I""" ..... n"',..,"'" to mean of 1.1 x1 carpospores released per cv~:rt(l(~rlol frond sizes 

i n T"'TI~:;'''",'''nn fronds I'f'I,.,..,n"m".rl fronds in I'n,"" .. ""n",,,,to for 

sorus. An <>n,,, .. nvl mean 

spores released per entire frond each season was obtained mean frond mass, mean 

number of structures per gram of fresh mass and mean number spores 

released per sorus. This reveals that t",t,''''''''''If'1ri fronds released more spores in summer than 

cv~;to(~arIDic fronds (1.4 x 107 
1"" ...... "'''' .. ''' .... to 8.8 x 1 spores released per but similar 

number of were released the rest of the (in the of 1 to 8 million spores 

per 

Tat .. "".,,,,,., .. i,.. fronds of G. filicina exhibited n ... "",~t""c::t in 

showed no c::innifi'I"~'nt differences in 

that are not in 

of fresh and fewest in winter of 2.0x1 

,..~r· ... n,,,.,,", .. il' fronds 

per 

t""tlr~c::nr.' .. ~n!ni~ per gram of fresh 

2 
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mn,nl'lrl from a mean of thallus that was in autumn to a 

mean of in 

whereas that of the r;::I,·nn't:l:.nt"lril' 

for numbers of td'r<:lI",nn,"",,,, rehea::;ed 

... "ifi .... ,:>nt'lu more carpospores were released in 

thallus in October 1997and 1 

""l"In,?,"'''''''' rliiff""""'n,~",,,, in 

per 

than in summer 

of in December and .... ""·,.....arv\rr" .. h"rt""'" in autumn. 

COln()(!riSlDns Del1weEm the two nh.::ll~'" mOlcatoo 

were released per of fertile to 

fronds tended to be c!1"n""1I~ ... "'innifi .... "'.·.tlu so in June 1998. A 

estimation mean numbers of spores released per entire frond was the mean 

mass, the number of per section and the mass of the 

sections. that the released more each season lex:cel:>t 

autumn when fertile sections failed to release (1.2 

x to 2.9 x carpospores to 5.5 

Both species """"Tnil"""tinn success rates with spores that settled in 

to 94% carpospores of 

and 54 to 83% for tetlraSDOlres and 44 to 90% of G. to ,<>v"a.",.... 

tot,r",,,, ....... ,r,,,,,, and 36 to 86% for .... .::IIrnnc~nnlr"'''' of 

for leliras.DQlreS (,.::IIr'nn!~nn,r""'" of G. <',Ii_, __ ' 

more 

This be a further factor 

a 

found in this sPE!cie'$. 

both I''''r'nn<~nn.''o''' and t"'h·"""' ........ ,..,,,,, of 

cn,nn",., ... " to 20"C. 

was also at 

main aim was to determine the 

and irradiance. crust rii<>.""""f'o,"", 

21"C for S. did not survive at 24°C. 

from spores in terms of 

SPEK:iE!S occurred at 18"C 

saturation occurred 

3 
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1 

This 

and 

"l'If''',,",l''n,:>n with two I"nrlnl'lnn\JTIf' sec~wE~eas. ~,,,,,.,..,.nfhoIiQ scute/lata 

that occur in South Africa and 

Most members of the Rn,nnr\nn\lt<> 

known as ph~,cocol,loicls. 

.... "" ...... , .. , Leister 

to a 

""""'QU'''' in a 

marine two main groups 

nnl'\lmpl"'l: of gal'BctlDse (galac'tan:s) 

have been termed 

which the n\l~lrnv'JI 

and 

be The basic difference between the two 

groups is in stereochemical nrr,"","It:.C! po~)S8l;sirlg the L-form 4-finked a-Qlala1ctrn)9 

residues 

in 

The most common have 

been classified as K-, others have also been characterized 

and are denoted Greek C!\lnnnn,'c This classification is felt to be somewhat and 

Att,"mnfc: have been made at a more c\lc,t"'rn~tit" method et a/. 1 Fourier transform 

infr'~l"tlll't diffuse ,. ... fI~:""nr· ... Cltn.!......t.·nl'l" ... tr'\l has been to 

et a/. 1 

r.<:>.rA,n ..... "nl:.n is extracted from certain sec:lWE*3CIS in order to used in a'"'''''''''''' 
The uses are as or in 

prclcessE~d meat and cosmetics 

~rr"""""" ... '''''''r.Clt have also been to be as Dac:;telnOloolcal 

of carrageenan that is extracted in the ""ntiti~ .. " is K-carrageenan 

This is nrlln,.,IIM extracted from cultivated SOE~CIE~S of KaiDm~Dn!VC£ cottonii 

.ny,,,_n,"g is 

"" ... ' ........ ".IY Eucheuma SDll10SUI 1991). 

and Tanzania 

areas that cultivate 

SPE;!CiE~S of l:::u,cnelurrJa include 

4 
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of these SPE~iE!S has allowed rnlnQj,r1""'"l:lhl"" oVt'I.<,n<>,l"\n of the ... "",,,,,,,, .. ,,,,,,.n,,,," 

1 ). 

,,. .... In .... ':>1 slleC:ies are sources of K- and ..t"l:llrr~,n",,:.nJ:ln but not of This 

is that occur in 1'"""",""" .. ""1'",, waters. It is 

obtained from SDE~CIE~S within the Stackhouse 

France and and SDE~IE~S (-i/(J::trtm::t and Mc.lstC)CarOLls 

South MITI ... n£',.. SarlteUces 1 Most of the 

colder water rJ:lITarl~nnr,h\lt""q nO'IIVe'lIer nalrv""<:I.r ... n from natural .... v~''''.''' ... v. 

areas, for ""'YJ::iImnl"", 

from natural DOIt>ul:atic)ns nrt'1O\/1r,,,,,q a more ,ttir"i"",t and has 

q,hr.rtJ:lI''''''q, lead on the environment due to n\/,::ar _1,ar\/"""~rll'1ln 

to interest has been ",v,,,,.,,,q=.rI 

Africa Bolton and R.J. An/'!.:>"U\n 

at nr .... c:.:>'"\t 

un,,,,,.,,," - Hommersand at a/. occurred and was ""v,..,... .. t...r! as 

raw material that are 

Anl'l""rc:::nn at a/. 1 

Previous research on f'J:lI·l'l:lIt' ...... 'nnlnhl.ltir seaweeds in includes an assessment of 

l"~r'l'!:Ii'I'~I'!:In content and biomass on the west coast found {":,r.ol'f'mo 

Ma:zzaalla roo"""..,,,,,,,,,, to be the most abundant 

The ... ""r .. "' .... o.:' ... "' .. "I"'1',,1'o f":,r.ol'f',n<:l O/Slrlllaira 

which occurs the south to south-east coast of South was 

who researched abundance of 

of sand burial on and floridean starch 

tolerances in culture. A n....f ..... n'II.:..-I on an intertidal """'t'LI''''''V' 
of Mazzaella ratio of 

to and 

the halvestaible biomass of 1":"-'<:1""""'" nnj"lro,,,,rn,<:I 

orbitosa and Ma.zzaella found the former three to occur in .",,,,titi,,,.., to be 

5 
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et al. 

was also 

thallus and replroclluC1:lve 

tolerances in 

The two 

The l"~r~n'JC>JC>r':::IIn content 

A induded 

"',,",rYV'l,f"/HW,," stiriata such as ratios of life 

included: the <>TT<: ..... TC> 

the 

were chosen I.JCI...cII.I;:'C 

in this 

are common 

seed stock for 

two 

a southern 

been little l:IlU'UIC:U and Gnslte/()ulJla a SPEK:IE~ occurs wonO'Mue. has 

received 

is also interest as it may have use in the food as the 

SpEK:le~S is in oriental se::lwE~ea that is used as food 

l"nlnn~rg:.n to those used for colloid extraction. Edible seaweeds are 

cultivation in eastern cultivated and 

and Korea tje'a\M~ea is also as a 

as 'limu' and is also called 'limu 

it is 

hulu 

waena' 

MIJIKa'oe-·norr, is n ... ::.n~rJC>ti 

a member of the 

that codes for 

as there was 

The 

axes arise a holdfast 

Zal)lac:kis and Perez 

was 

was on 

subunit of 

some 

of 

named 

and 

inclusion in 

clade 

fronds are differentiated due to the presence of dark brown soral n""tl"h~.<t 

on the tJC>t' .. "" .. nnl .. n .... hu,t""'<> and rounded paJ)lIIcle on the female n:::llIT'l.:.tnrlhvt_ 1.1). It is 

sus,pec:ted that spE:lCIE!S is dioecious were not nn!~ITI\,rl'llIV irll'llntitil'llrl 

6 
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The species is endemic to the west coast of southern Africa where it occurs from Namibia to 

Cape Hangklip (Stegenga et al. 1997). It is largely found in the lower intertidal to shallow subtidal 

although it may sometimes be found in high-intertidal rock pools. 

Fig. 1.1: Cystocarpic, tetrasporic, and male or infertile gametophytic fronds of Sarcothalia scutellata. 

Grate/oupia filicina is a member of the family Halymeniaceae and the order Cryptonemiales. 

Recognition of this order is not universal and it is often merged with the Gigartinales (Garbary and 

Gabrielson 1990). The species has an isomorphic alternation of generations. One to many 

compressed, pinnately branched fronds arise from discoid holdfasts. Tetrasporic and carposporic 

fronds are indistinguishable without the aid of a microscope (Fig. 1.2). It is uncertain whether the 

South African populations are monoecious or dioecious as no spermatangia were identified in the 

fronds that were collected. 

The species is described as occurring worldwide in warm temperate seas (Stegenga et a/. 1997). 

In southern Africa it extends along the Cape province west coast to the Kowie area near Port 

Alfred on the South coast. It occurs in intertidal rock pools as high as the supralittoral. Subtidal 

specimens have also been collected (F. Leliaert, pers.comm.). 

7 
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20mm I 

Fig. 1.2: Tetrasporic and gametophytic fronds of the seaweed Graleloupia filicina that are 
not easily distinguishable without the aid ofa microscope. 

Two varieties are described for the British isles (Irvine 1983). Grateloupia filicina var. filicina 

occurs in intertidal pools as well as being sublittoral up to 10m. High-intertidal pools possessed 

some plants in summer and late autumn. Grateloupia filicina var. luxurians occurs in lagoons, 

harbours, estuaries and sublittorally to 6 m. The species occurring in southern Australia has been 

described as Grateloupia filicina var. luxurians and can be abundant in shallow water or just 

above the low tide level in harbours and sheltered coasts (Womersley 1994). Three varieties are 

also mentioned in Silva et a/. (1996) in the Indian ocean, namely G. filicina var. filicina in India 

and Sri Lanka, G. filicina var. elongata in Java and G. filicina var. luxurians in Australia. Such a 

wide distribution in both tropical and temperate waters appears unusual as species are usually 

8 
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confined to bio!gec,giclphi 

seclWE~eo distribution 

"':>l'lInl"l~ where water is the main factor .... "",''''' .... ''n ... 

The rliff.', .... "',n .... ~.~ in the two varieties Irvine include nr"".:::.t.::.,. 

up to 

1 Omm wide and 1 to 3 mm 

2 to 5mm wide thick. The cortex of the lliXlU''''' nlQctf'ril"l.:>n as 1 0 to 

14 cells thick with outermost cells ~l"li:::llIII\1 o::>Ilnnnl:l1tAn whereas the cortex ""'''.'''''1 is 

3 to 8 .vII''''''''''''' is rI"""I' .. il..."..-t a 

to 40 

those of 

CVstocal"DS of the u:::.n'':>T\lluxurians are over 300 I-Im in rlial'M.::.,t"",. ,,,Ih.:> .. "':::'~ 

are less than 210 Both SPE~ciE!S are described as 

The IA'~'U'C'UUI from the west coast rock fit 

as 

2mm were also 10mm wide was about 

The cortex was about 8 cells thick but could be to in main axis was 

often 4 cells thick in the The outermost .... n'"I1.-.::.1 cells were ~rll:::llII\1 

but no was The OIs;toc:ar[)s were in 

diameter. 

A number of taxonomic aUE~stl()nS are thus raised SPE~IE$ such as which 

anatomical features are reliable indicators the or even the SDE~IE!S involved. The extent 

to 

to which anatomical features in response to the environment also needs to be 

wide in both and waters sU~lgests 

the In\l,nl\l,Orn""nt of more than one spE~ie,s. Molecular ",,, • .t,,,rnairi ... ,,, could """,i'nr1"nt::r.ri on the 

SIJE~CIE$ from these different ran,hi"",,1 locations to determine what taxonomic seJ,anaticln 

exists. 

The first main nnl4'!r:fIV4'! this 'nrl, ..... "'t""",rli..,." of these two SPE~CiE!S in 

natural environment as a at mariculture. This included 

n""1t",,r.nininn the amount of 1"''''''rTl:>I .. ''''~.n!:l,n ptJSses~)€d each SDE~CIE!S and each and 

whether this varied of """r'''''''n"" ..... ,,,,n 

the ratio of t""tI'!:ll~'V'lnnnl"l\It",,,, to n:::.'rn .. .tn .. ,h\lt.:>~ within the poIPul,ati()ns was examined to see if there 

were any and whether this "h,::.nr • .:>rI over time. Frond size was to 

determine if there was a season of and to sizes between In 

I'nrnn''':!lt ..... n of of Sarcc,thl~lia scutellata was examined in terms numbers 

and infertile fronds ,"",,,,,lei ... ,,, up each 

9 
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The second main was to in frond and 

Estimation involved structures 

sori or that were formed and 

that were or the thallus that contained in 

as the number of 

an 1 the 

number of that were released per and per 

thallus for 

AY~~milr1""rI to see if this with or season. The influence of ."""" .... "',,.<>+. 

were 

and 

.... n'''''M.'''''' was to examine the of the SDE:!CiE~S in 

from V9!let':ltive have 

whereas f'I"",rrnin<>,t.,....j from spores were noted to be free of Rni,hin,nt~ 

n ....... """"" at v9!letati\lre lalboratorv CIJltN'atlC)n 

.... 'A.a""'"''"'''"' was unsuccessful as the PI~;::e5 HnliI\/RlJRr there has been some 

success in cultivation from "' .... ",,."'''' 

lima et a/. 

conditions for ,,"""'ABn 

conditions for the spelcie!s. 

into how the til:l>n"lrw::l,l":l:lIh 

rOOllorlS in which 

It 

from spores to 

This 

also determine whether the 

in abundance. 

to the seawater 

1988 in 

the 

have 

in the 

10 
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DmfcocolllOIOIS as well as 

variation in the 

Leister 

on 

to the an order in 

studied as these SPE:lCiE~S tend to have 

biomass in nature 1 

of "", .... "',..,00.'''''' 

this was often a result of seasonal variation in the 

) as the and 

mass 

of 

and 

"'''',' .. ''' .... ,'''''''' .... '''" extracted from 

...... :::I'rfJ:lrlll'l4:>n::::ln and from ,.."" ...... 01''"''''1'''"'''''' "'_/"J:lrfJ:lnj:>'::.n~ln 

Sarcothalia scutellata conformed to this .,,,,H·orn as FT IR c;,n.:'l"tr'!:lI 

as 

This difference in ,..."""",ncoo,,,...... oet1NeEm 

rlifl'o,.".nti",tco them in the <:>"'''''""nr'o 

rliff,o .. o,ntl" when sutlJectea 

The in South 

Schmitz and Mazzaella r-g/"".:lIT1!C"'" 

these are in the 

44 to 49% for ,..,,,,.ncotnnt,,st ... ,,, of r:;ir,,,,rlin,,,, nru",...",rt"'I<> 

to 

structures as 

et aI, 

to 

stain 

,<;:""'''''I''Ij'h",j!i<:> stiriata 30 

This compares with 

"'riC'''''''' Stackhouse that showed a variation 

of 31.4 to 69,8% 

has been t ... rrn ... rI"",,,, ..... rI:cn" 

The nnl\J",~.",,,,'h"'r·irl ... from Aeodes orbitosa is unusual and 

and Levitt 

11 
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The nr"',<>""'~T work examines the I"<::Irrl:llnll'>II'>ru'In from t.::.tlr<::lCllronril" and CV!~tOl::arDic 

;:) .... !.JfLDllcna over the course 

was examined to see if rI ......... in'<::It"'..... and whether this ",n,..".w:1t't any ~~a<:U"l.n~1 

~a'Y"nfha/"a scutellata ovt,ihiitCl i<:U"llmnlrnhif' <:>"t"" ..... "'t'n ... of n,oln,or'::ati('lnCl as is common 

states that macro-

are related to .nl"l'innl:lll ,"o:><::nnn!::.::><:lt to the environment. that 

the similar maicrcHT10r~>nologles and of 

.::. ... ,,,irt'l ... nnor,h:lIl selective forces ......... 'AI<:> •. 'O,. 

r"""nn'~",,,, to the 

on.,,,-n .... ,,,,,,,,,.,t as the """,inri-hi of studies found 

in some res,oe(~t in 

of spelCles to be 

Piriz 1 

has 

Westermeier and 

l"ol"nr ... lcrI for MSlzz,ael.la .,.,,,Io,nrl,, .... .,. ~AI, ..... h~:o;1I et ~~rrln'Ar\ j;;;r"",rlo.if'n (f,,'r ... u~rlu 

- Hommersand et al. 1 

dominance in summer and t,ot,,,,.,,,nn,rnnhui',,, dominance in winter and 

but DeWreede in dominance was for MSlzz,ael,Ia c.:tUI:If1SIS 

not appear to to season and Joska 

the Iml"ltir.n that the stable ratio between n::aITl,otnr.hvtA"I. and t",tI·l::o"l.I"Inl",l"'\ntlvt&~"I. 

would be one if I"", .... ,rl"ll"ll is not ne(~s.salrily valid as indicated 

and DeWreede that defined 

mlll::onlV as the same number of 

t",tlrl::o<:l:.nnlrnn.h\I1'", and male-female nl::oITlQl'tnn,hvit", 

nl:llITl",tnl".h\rt", to t",tlrl:ll"l.nnlrnn.h\l1iA 

found that 

one annual thalli that did not have an 

ovt"n,i'o'; a continual alternation in dominance, The G:T ratio of triennial and no:>r',onl'li:::ll 

did at one of 

then another POISSIlDle scenario for spore where the lowest 

was four spores per and one 

male and female Annual thalli now showed altemation of dominance 

even if the initial ratio was one. The ratio for both triennial and this time 

stabilized at 2.8 initial ratio. Thus similar may not nec:es!;arily 

have G:T ratios of one, 

Thallus size is another that show seasonal variation. seaweeds 

west coast :::Inl"IA:::ar to attain their size summer months and smallest size 

12 
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winter months. .!ll"'::'I"l:lIl"'<::' fresh at 1 in and lowest at 

r", .... nri,,>1'1 to show increased in summer ,",,,,,,, .. ,,,,,,,,,,, ... ,", thallus 

in winter 1 

Thallus of Sarcothalia "'''<-<lvue"", was examined to determine " ..... "tn."' .. there was a season 

in which .... ni~irn'<:I1 nrnhl<::'lm was Inte:>,r""" in rI",t',,"rrnin'inn the individual unit 

to be measured. The seaweed is ,.. ..... "nl,.;<><= ..... 

n .. ",,,,t"'<:It,,,, circular crust 

arise. A similar nh."n ... ,nn~.nn,n occurs with the spE;ciE~S 

I'nlnc::i.dirln of a 

hr~lnl'hin, .... fronds or ramets 

",,,,,"' •.• ,, in which the has 

been n,o,·.". ... ' .... "'t.n.... ... ...... , ... ,..... holdfast from which numerous 

are 

"''''''''''''''<:It"" ""vi.d..::. ... ,...". as 

fronds in "",."u.n,,., 

.. "' ..... ..::.t'" which are modules with the ........ lr"" ... t;",1 

to the 

for several 

·-c..:;,2I1aanE~r and Mathieson 1 

of the 

within the red coalescence has 

of 

had enhanced nm.Ann I"'nlmn",,...::1rI to non-coalesced 

and Mathieson 

was noted to occur to a lesser 

and that occurred had less distinct than 

and 

be the same be the 

reason for enhanced coalescence 

on the same has 

the a 

such as would crusts derived 

and the and 

individual. 

The of seaweed was to determine whether the 

of mixed or the total number within and whether this 

varies with season; the of the fronds are and at what size fronds of the 

become 

13 
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frond mass within was Frond A ... ",1,,..-;,,,,,,,,11-. .... between frond number 

1'1"1"l,\J\Iriinn has a cost in that ",,,,,",_,,,,r.:;;o". ""I-o,,,t,,,,,,,,,,tl-o,,,,til" rates. !<-In"AIA',I"'!" ",vr ... ",rlml"·ntc::. 

on Mazzaella ''''''''''I''I1,t\ I-Ilnl"l".m~'I"<:~:lnri found it to have in-.r,,,,rt!:llnt Arll~ntliVF! 

pro1:ect~ad the hlo:::lOI"I1,inn and tissue loss (~" .. "",,::lOti 

~nF!CIJ"!S occurs in factors would be 

to occur in rock mid-to 

and would thus be less exr:::loSE~ to such factors. have a more 

apl:>e<:1lrarlC9 due to dichotomous h"" .. , ... hin,n seme benefits as frond 

fronds could be preidlcteCl to survive in small whereas fronds 

mass to occur in a 1"",,· .. ol:.:lItir,n D<etl/\/een frond mass 

the number of a be orSI(]\C[SO 

'~J:>''lV'It'hJ:>t.iJ:> ""~U«7J1Cl"Cl was collected from rock of the mid- to low-intertidal at Olifantsbos 

18" 23' on the Atlantic coast the were 

rlU'UU~". Odober and December and made in 

Ten seaweed were removed each of five rock 

obiectivellv the knife used to remove the was 

whilst were on the rock surface the 

that was closest to the knife was removed. collections were never from the 

seme 

seaweed. Thus 

ramets were collected on each oocasion. was nl>'l!'''''iC>l1 in a _r"lJ:>r'.:lIto 

''''''''1<,,,,,,,,, container. t.<>n.",,,,MlarI to the in an 

rrail1etma,n content 

r"' • .",no."'n~.n content was measured in Oc1toblar and Deoember 1997 and 

~ol"tolrn"":>" 1998. The to extract ,..", .... ",,..,00 ... "''' was on 

or 

and 

June and 

and modifications similar to Levitt et al. Fronds were washed in filtered 

seawater and oven dried to constant at 

COlnpDSlltlon and mass had been "",1""nrTn~.ri 

were then h<:>;uin,n t".tl'::;'<:::N"lI'>'I!nni>'l!1 son 
20 mesh screen. of this for extraction "'''1' .... "",11 

mill with a 

It was not 

14 
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feasible to use ,nn.",n. as individual frond masses exc:eeclea the 

in the ""rt,"<>",lrlnn "' ........... .,..,.,11 there was also loss of m~TAn~1 

some nfnnnl:ltin,n was lost. ~n'l:ln,~Arll:ln was also .,.vt""" .... t"'ri that did not 

seaweed 

in a 

minutes and 

structures in December 

in distilled water 

~1'Arh,~th at for 12 The mixture was 

inverted over flasks to allow In;::I,,.n~~tl:llnt to drain 

and the mixture into twice its of 

the pre!Cip!itat:e t"'1,nt<:.inir.n ~r .. ~n"""'r'~n removed 

,"""",",,,,::a.e was 'AF-lI'o;;:n"." twice in 200ml a 

oonstant 

G for 

NaCI solution was added 

The oontents were and 

oontents of the 

oven dried to 

Phase OOrnO()sltlon in ,....U' .... U~)l, Odober and December 1997 and 

was denoted as tAh~QI"nri .... 

the relevant fertile structures. Each of these 

mixture 

to search 

cvs;tocan:l~c and tetlraslooric 

were 

t.:.tlrl:lQIfV\rif' fronds. Transverse sections were cut 

SarcclthlJlia .;:> ....... 'u;mow' were .... ,," ..... "' ..... eye 

could be fertile 

but a 

"'\I'~Tn,,~~rnl'" and 

the thallus in the where the other 

of AT,."""' ..... '.... IT.i .... r • ..,..''''''"''' 

without 

structures were 

was used to cut the 

Qt",inir.n with was .... nrt~i"'''''1 cells po~~elssirlg C11101'OOllaSlts 

which lack chlloroDla~sts. should remain 

were immersed in the stain one minute and then rinsed in filtered seawater to remove excess 

stain. 

of the 'infertile' 

bath at 85"C for 

the test were ",n,lOimnt",.,., 

included 

Inn .. ,r"""", its 

material. The test was also replea'[ea 

...."',,,"",, .... ,,,.1'1 ...... _f'<lirT"',n .... ~n""n from those .... "'.'t"'j'nj"'n A. 

~':>m,,,t to ascertain 

in a water 

into a oontainer modifications to 

This 

test in the 

15 
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water for 30 seconds and then acetal. To determine how known nn,,,,,,.:::,,,, 

this react r"'!:lit'l",ntc; I'nrltm,l.:: were of thallus 

removed from fronds of a known 

t ...... nl1'2\ and to wet mass 

masses and number were determined second or third month 

from OC1tOD4~r to were and fresh mass 

frond f rvol"'t ....... ""r .... il' tot.":: .. ,,,,, ... ri,,, 

constant ....... ,,.. ... ? 

To determine a 

similar to 

"'""" ..... :>'t 1'I,0:.""'>lt\1 results in a 

fronds determined. The number of each of 

was noted. The were then oven dried to 

of wet to mass was then t'I",1t",nnirl.,.n 

1'I0."",.1h.1 of fronds within a nrnl"'llo,m arises 

occurs. mean mass 

as mean frond mass is calculated the 

which is also the second to be used in the correlation 

To avoid this nrnhl"'rn mass was 

n,..r'_n!::IlI"J:I'm""tri .... test was in it 

.... nrT.::.!l::llti,..,'n as the data were not n,." ......... II" The r::J:llrn.,.'J:I sl:ati!:rtic was 

test is nl"".f""'""hl,,, the data I',..",t""i,.,,,, tied observations (St.:d:is1tica 

as in this data set. 

ranks was to determine c;it'l,nifii~lnt differences the statistical 

of .<,;;!::u'rvll'h,;;;,li,;;;, scutellata had much 

mass .... " .......... 'n"''''orf of ", .. r .. ",,,o,,,.,,,," whereas the CV!>to(::arOlc 

C:::llrr:::llI''''''''''n~ln was extracted from in 

extracted was same as that extracted 

1'<::1,1"1''''''''''''''''''''''' contents than the 

had 14 to 24% of the 

had 33 to 58% 2.1). 

and S"'I"ItArTlh~"r 1998. The 

the on the 

16 
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had a similar texture to of 

Cys!ocarpic 'Infertile' 

_ 0cI97 

m!l] Dec97 

~ Mar9S 

·Jun9S 

Sep9S 

Fig.2.1: Carrageenan content oftetrasporic, cystocarpic and 'infertile' clumps of Sa reo thalia lieute/lata. Mean ± SE; n = 6. 

The transverse sections of from infertile did not reveal 

Resorcinol test ""'''''''''''''mc: imrne<jia1:ely d",i .... .,.ti a ...... .,..,.,..,"'" of cvs:tocar fronds. 

soon also 

similar reaction to of the cv~rtOl::arlJic but this tE*it did not """"'M,t1,.,. 
(lIS,[JleIVan a 

distinctions as 

..... r'lnMrAti in other SPE~iE!s of Giglarti!na(~eale. \I",.-;,;:otil'\'"'' to such as 

instead of or thallus IJ'V\'V;;) ...... ""'"'1 ... ' .... the acetal and a C! ... ,,,rt.~ .. in 

water uu,uV<:~u the same result. 

The division of the into three cvs:tocamlc and with no obvious 

is of a similar as well as the similar 

reaction in to that of iUs proibab,le that are 

17 
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fronds or monoecious "'<> ...... .:>tnl'lh\lti .... fronds to .... ""rnrl<:>nnrr'nn'\It'" 

if the and fronds are t"n,mh.in.:.rl 

formation, 

was 
The ratio of 

decrease in 

dominated the n:::llm""tnn,hV1u' the 

showed a clear with a 
aalmeto[Jlhvlte dominance from 2.7: 1 in 

to 3.5: 1 in ~Qnt",.""t"",1' 

1997 down to 1.2: 1 in De<~emlber 1997 followed 

_ TeIra5poric 

o Cystocarpic 

§ 'Infertile' 

a 

Fig. 2.2: Percentage of population of Sarcothalia scutellata composed of letrasporic, cystocarpic and 'infertile' clumps from April 

199710 September 1998. (n 50). 

Apr 97 Jill 97 Aug 97 Oct 97 Dec 97 Mar 9S Jun 9S Sep 9S 

Fig. 2.3: Percentage of population of Sarcothalia :scutellata composed of tetrasporic and gametophytic clumps from April 1997 to 

September 1998. Gametophytes consist of\,:ystocarpic and 'infertile' clumps. (n=50). 

18 
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number to wet mass 

Lowest mean mass of entire 

!:;."",·n,..,.,linn to Kruskal-Wallis ANOVA 

December 1997 is """""T,r·<.>n,,,u 

in June 1998 all 

ranks the fresh mass of in 

of 0c1tobl3f 1997 ::: 0.011) and 

June 1998 were to 

Those 

not pos~!~s "'''V ,,~u'"' 

masses Det1i1VeEm I1c.:>t'~~ml"l""r 

nh::::l<:t""<:t indicated that the .... TlC·,.."'""",,, 

in March 1998::: and a' ... n'ti. .... "".'tI" 

fresh masses the are in 2.5 where the mean 

mass of all fronds collected in each season. 

and both 

nAI'ne:>lrnnlnvtiil'" fronds refer to all the within the as those 

infertile 

than 

The innivinl 

The fertile fronds from and .... \/Clli'i'V'::::Irni .... 

masses in December 1997 and lower masses in June 1998. 

masses from these two of also masses in 

do not show as much ""',..;c<:>ti ........ 

1"J::II·nn'.:::nru·i .... fronds in October 1997 

were not <:t;nnifi .... <:lI ... tl\l nltt,Q; .. ""nf 

n:l::u'l'l""lrnnln\lti, .... I 'int,::>rtil",,' 

of t""hr:::ll<::.lrIn .. i .... and cvsitocarpic 

masses 

and 

June 1998. 

"'VI'~I""'I"I~ masses than 

19 
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15 

13 

11 
:§j 
to .. 
l1fI 

::a: 
.c 

'" S i!! 
u. 

7 

Od97 Dec 97 Mar 98 Jun98 Sep98 

-e- Telrasporic 

"0- Cystocarpic 

-..&.~ 'Infertile' 

Fig. 2.4: Fresh mass in grams of entire clumps of the seaweed Sarcothalia seutellata. Three types of clumps are depicted: tetrasporic, 

cystocarpic and 'infertile'. Mean ± SF:. 

OdS7 Dec 97 Mar 98 Jun98 Sep98 

-e- fertile T 

-0- fertile C 

'-111- infertile T 

._[1- infertile C 

"6- 'infertile' G 

Fig. 2.5: Fresh mass in grams of individual fronds of Sarcothalia scutellata. Fertile T fertile fronds from tetrasporic clumps; fertile 

C fertile fronds from cystocarpic clumps; infertile T infertile fronds from tetrasporic clumps; infertile C ~ infertile fronds from 

cystocarpic clumps; infertile G all fronds from gametophytic/ 'infertile' clumps. Mean ± SE. 

An examination of the masses within tot .. "'.,""" ... ; .... indicated 

fronds had a wide and infertile fronds The 

in size with a minimum mass of and a maximum of No size 

class nr<=>rIt'I,rnin:oir<=>rl n .. ~~gf.",,,,t number however occurred in the size class of 

less than and to A closer examination of mass in the lower 

20 
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Most inf"u-til,,,,, 

a maximum mass of 

A 

fronds had a wide 

size 

class less than or 

occurred the Classes 

wide 

mass 

fertile and infertile fronds 

a 

masses with few less than 

Fertile cvsotocarclic 

toa maximum 

to 

and no 

within the size 

at mass 

indicated that most of the infertile 

a widleSl:)recld in mass with 

",hr"Al"lf'I a mixed "".;ff""," ... that I"'"""",""i ... ",,,, fertile 

There was a of 

masses in the and below size class as occurred for , .... t''''rt'lo 

the two was 

mass classes as occurred for fertile fronds. Mass 

suaaests that two fertile and were I"Ir.:o"'~.nt 

other 

160 

150 
140 
130 

120 

110 

'" 
100 

c 90 0 

1 80 

70 
.0 
0 60 
'0 

50 lii 
.0 40 E 
::> 30 Z 

20 

10 

0 

Mass (g) 

to This 

as was the case with 

_ Fertile 

D Infertile 

Fig. 2.6: Mass distribution of individual fertile and infertile fronds from tetrasporic clumps of Sarcothalia scutellata. Fronds are 

grouped within O.2g mass classes with the exception of the last class, which contains all fronds over Sg. (n = 257 fur fertile fronds; n 

254 fur infertile fronds). 
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160 
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100 

<J) 00 c: 
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80 
~ 
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2l 60 
0 

'0 50 

.8 40 

E 30 
:! 
Z 20 

10 
0 

• Fertile 

0 Infertile 

Mass (g) 

Fig. 2.7: Mass distribution of individual fertile and infertile fronds from tetrasporic clumps emphasizing distribution within the lower 

mass classes. Fronds are grouped within 0.04g mass classes except for the last class. which contained all fronds over 1.52g. (n 257 

for fertile fronds; n = 254 for infertile fronds). 

240 

224 

20B 

192 

176 

160 

'" 144 c: 
0 

"" 128 
~ 112 II) 

'" .<l 96 0 
'0 80 

.8 64 
E 
:! 48 
Z 

32 

16 

0 

~~~~~~~moo~~~mro~~~Woo~~~~ro~~ 
I~~~~~~~~~~~~~~~~~~oo~~~~oo 
V0~~-~~~~~~~~~~~~~~e~~~~~ 

~s~ ~~~ ~e~ ~~~ 

Mass (g) 

• fertileC 

o infertile C 

'infertile' G 

Fig. 2.8: Mass distribution of individual fertile and infertile fronds from cystoearpic (C) clumps and 'iuremle' fronds from 

'infertile'/gametophytic (G) clumps. Fronds are grouped within 0.2g classes with the exception of the last class. which contains 

all fronds over 5g. (n for fertile fronds; n 406 for infertile cystocarpic fronds; n = 508 for infertile gametophytic 

fronds). 
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_ fertileC 

o infertile C 

'infertile' G 

Fig. 2.9: Mass distribution of individual fertile and infertile fronds from cystocarpic (C) clumps and 'infertile' fronds from 

'infertile'/gametophytic (G) clumps emphasizing distribution in the lower mass classes, arc grouped o ,04g mass classes 

exeept fur the last class which contains aU fronds over L52g. (n = 339 for furtile cystocarpic fronds; n 406 for infertile fronds from 

cystocarpic clumps; n = 508 for 'Infertile' fronds from 'infertilc'/gametophytic clumps). 

The ratio 

"" I "'''''''''0 21 to 

35 

30 

25 

1: 20 
CI 
.~ 

.c 
<1l 15 
~ 
#. 

10 

5 

0 

to wet mass 

the wet mass 2.1 

Dec'Jl Mar 98 Jun98 

the 

Sep98 

with the mass 

• Tetrasporic 

o Cysiocarpic 

on 

Figure 2.10: Seasonal variation of dry matter content of Sarcothalia scutellata. Results are cxpressed in % fresh weight. Mean ± SE. 
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As were noted to consist of and Int'~"iI~ fronds or 

infertile fronds. Mixed ",1"1,,,,.,,,, • ., were not noted. number of total 

over the entire was around 6 to 8 for of 

three a in number from one to as many as 31 

to 52. 

Table 2.1: Number of fronds per tetmsporie, eystocarpic gametophyticfinfertile' clump of the seaweed Sarcothalia scutellata. 

Seasonal variation in the number of total is shown in 2.11. The three 

pol:;se:sse!Q similar numbers of a in 

on each date. T ~t='~rvu'il" tended to have more in June 1998 otherwise 

no seasonal """itt",,·,.., was ranks no 

nh.::._c::. with the exc:eP1tlon of t~t'"l:Ic::.I"Inri'l" 

The 

~""'"'t""'nN"" 1998 

in ~"'I ... t"'.nN",,, 

nhl"'c::.",'c::. had similar numbers 

when the t",tl"l:l<:tl"lnfill" fewer the CV!'l.tocamic :::: and 

:::: 

An examination of the number of and infertile fronds 

fewer infertile 

the number of 

fewer infertile 

seasonal valnatJon 

ranks indicated the tetl'aSiooric 

than those of June 

or 

in fU:>, .... "' .. nN"'" 

is indicated in 

of ~"'nt""lTIt''''1" 

2.12. 

had 

.",.."nl"'I'<:IInt variation in 

had 

but did not show 

otherwise. The two 

in number of fronds l"rllnng,.",,,,, to each other with the exc:ep1:ion of fewer 

.nt.~ .. hlo t~.tfJ:lI<:tnr .. ri/" than in 1998 :::: 0.01 
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2 

o 
Od97 Dec 97 Mar 98 Jun98 Sep98 

• T etrasporic 

o Cystocarplc 

[J Gamelophytic 

Fig. 2.11: Total number of fronds (fertile plus infer1i1e) per tetrasporic, cystocarpic and gametophyticf 'infertile' clump of Sarcothalia 

scutellata from October 1991 September 1998. Mean ± SE. 

8 r-----------------~----------------~------_. 

7 

6 

5 

2 

o 
Od97 Dec 97 Mar 98 Jun98 Sep98 

• fertileT 

o fertileC 

• infertile T 

D infertile C 

Fig. 2.12: Number offurtile and infertile fronds per tetrasporie (T) and cystoearpie (C) 

from October 1997 to September 1998. Mean ± SE. 

seaweed .'ia/·cOl'halia S(:ut~'llaita 

InVIe8tlgation of a between mass and the of within the 

which the revealed a weak correlation with the Gamma of 

-0.266 2.1 The skewed nature of the data due to the presence of more small than 

fronds and more small than caused a but the 

The mass of fronds that occurred as isolated 1n('iIVICIII:::1lI~ 

size == 1) was with 

as few as 2 numbers of those as 
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as 24 fronds with masses a as the 

t"" .. ,rI""i"I to 

to POSse~1S smaller 

small Thus there was a 

were 

the idea that small 

to occur 

in observations not therefore 

occur in vice versa. 

26 

24 
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=> -. 
u .:;; 
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2 

30 35 40 50 55 

Number of fronds In dump 

Fig. 2.13: Relationship between clump size (number of fronds vvithin a clump) and mass fronds comprising clumps. Individual 

fronds masses were plotted against the number of fronds within the clump from which the frond originated. (Gamma statistic = 

..0.266) 

rra!gelmsln content 

In most members of the Gi~~ar1tinclceae. the two life .. "" ...... r1r...r! to have similar 

.... "",,""","'''''':."<:.n contents 

I\Jlr,lt",.nn 1 

n;;Sj,rk'rnAlr.:. at a/. 

rliftf.:. .. g:.nr'""", are .. ""r .... rlr...r! 

as occurred in ~"' .... ,..r.fh,>li!:l ,;:)l"tJIClIIIQI,a, where the t.:.h·!:'I"""Inriir 

14 to to 

.... """,,::,'''' Hommersand Itnlrrn&~rl\1 (.:;trl::lrtm::l da,clplafi's 

from New lower carrageenan 

Levitt at a/ . 

r::illrr::l,rtl:>e:>n::an content of 

of 

Hommersand at a/ . 

to had a 

n::arnllOltnntnrl".", with 62 to 73 % Pi .... Ir"""' .. '" at a/. Tel:raS;DOI'opl1VtE~s of 

Setchell et r.:::alri"ln,::. .. had a of 10.1 to 34.0 whereas the CVl:;tor:arnic had 

34.1 to 64.7% and 32.3 to 71 and 1 
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extractions to 

less "'~rr~n<!U:>r,,;:on with an average of on 

!:I\/",.r:::tr.A 46% 

The utilized l"~rT,;:o"IAAnnr,h"tA<:< 

Piriz and Cerezo 1991; 

Pil"lnn ........ et a/. McCandless and 

Zinoun et at. 

or those ,.. ......... '1'"11"",...,.,., 

Sarr:otha/,;a scutel/ata rnl'TIn~""'/H,.n/nr,;:oh,1\1 

niff ..... ,,,,nt methods of extraction make direct ,......'n"<::II"i.~ .... ., ... between 

extraction are 

Molteno 

difficult. Two 

is 

of 

of 

and 

alcohol """'1,0""""'<> in the method used 

invlestigation on extraction ..... 1' .... ""1"1. 

1"1.ft',,,,rCl,.,t authors can 

indicated that 

and Clv1h·",.,--ti", ... 

Lai and Lii 

""",n,t,,.,,,,,,FIt effect tOIlIDWE~ 

""""" ..... ,,,'1' extraction was r1""""" ....... i ... ""r1 et al. 

(':;"·":."',n<> DD/'vcarna and extraction ...... '·,nrll'" of four hours or less VI8!IDS!D "",,,,n,,t,,.,,,."',!,'1\1 

less r~rr~n,<!U:>r'~n than those to 

Similar ."",.,flt":.,,, of 1".J:'Ilrr:::II""1_'n.::lln were tJ'UYU • ..cU the 

was a decrease. 

size after a decline in mass occurred in June. An inverse ,.""I~ltinln<:<h 

rate and accumulation has 

Zinoun et al. 1 Zinoun and limitation has been associated with 

"1'\ ... ,.,1' • ..., ..... ,.,, ....... "''''' ....... 1'1 to as the Neish and Mathieson 

A effect has been rAnnrt,,>rI 

Reani et al. 

R!:Itt""r<> of the L)'stolclclnlc.ceae, an ,..J"'<::I,.,..,,."' ..... ,.,,""" 

nn<::ITI\i'"",\1 related. No seasonal variation occurred in 

and t""tr-::!l<::IVlrlir' of ('::IIJ1rlrt'lnt:> Sk()tt8~lJe.rr:11l 

... ,.,<:ITT"nO nn"" .... o,..,..<:1 and St:>lf'Ilth~~IIt:> stiriata in Africa et al. 1 

a 

and 

and 

'sterile' 

or in 

that the and the r""l",r_!I'Inlt~ and that the sex ratios 

are 1:1, a ratio of 2:1 t""tlr~<::nnlrnn,n\lll""<:: to t.orr,,,,'o "'''', ........ ,t ...... ,h"t''''''' would be for 
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dioecious SPE!CIE!S and 1: 1 for monoacious spe~ie!S. This does not occur in 

The 

either 

where cvs,tocarOlic occurred in numbers than the 

in number. was when 

, ...... r""'r~>Ii olfstlDCClrpilc ones. 

in which no obvious fertile structures were found could contain of 

or An to male structures mlc;rolscoiplcal 

of 

2.5 in rli:::a"""lI'I,t""r -\.:IIii:lllli::I!.llller et a/. If 

was 

measured 

the thallus 

also app,ear to be short-lived. to find. 

about 8 weeks whereas over 6 

months in The duration of rer;,roc:luc:tior was also 

noted to be nr.:.:::at~'1" in subtidal than in of this were 

one month of the on some of the 

The Hesorci test was not reliable in was a 

reaction in tAtI·:::a<:l.IV\rii,.. An into the rell~ltlili'tv 

DeWreede it to be very rellaOle in the case of SPE~CIE!S in the genera and 

"""I'.rlifiil'<:>iiinr."" to the 

test did lower the .....,.'·".::.nt"''' .. .::. of misidentifications 

and the reaction stabilize apJ>e8lrs to have had some 1"\'::'1".<:>1",1" Further 

be to test to be 

have been to low ratios K- to in the 

";11'"I£lrrlrl<:1 dI9Cit)ien,s was r.::.rv>ni<:>rl to have a ratio 

0.07 to 0.23 IPir· ......... ""!""" at a/. and Iridaaa IInARm Failure of the test 

thus be due to the presence of Hr\1WO::Ol,l""r there has 

been advances made in the identification of .... "',,..."', .. """ .... "',n_1"" .... ''',, and recent reviews 

no in the are introduced. 

For the tetl'aSIOOl10ptlvtE!S of 

of the I'""",,,nrl"'innl test when aPI::lII€:Q to 

such to the more pure needs to be 

The colour of the was similar to that of the CV!~tnl~::IrnIC fronds but 

of the test lead to some in 
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which the test \Aln,rlt''''.1"1 most Ve!letiati'vre 

well 

"'1"I1'\uu:.rI that fronds occurred in the 'Inr4"'"""'" 

that of 

compare with other tn""tnl"l", .. ", 

were k' ... ,""" ..... i ron'''Tn,',.. as 

mass 

size to 

dominance is How does 

common 

wide 

the u;;:' • ...Ia."y dominates. <:;;! .... "' .. nnh,rii ... I"In,,.,..,,,,,,",, ... ,,, 

and Neushul 1 and 

studies of various sPE~ciels within the 

as n~ITI ... ltnnh\ri'i ... rI,nm,in~.n ... "" is An ",v1'rarn<:>liv nrl".nnrtir.n of 

were found to n:::&fn;:>lrnnlh\rii,(' in intertidal PDIJul;atl()ns of in Nova 

in Nova Scotia to be 

which the 

on 

of infra-

f'n"",_"'CTnr"" pOplJlaltloflS rE!Splectllveliy, whereas mature tetrasiOO,rO[lhV'tes r",n.ro.,,,,ntan 

and 

nfortln",1 SIJeCles. Mazzaella laminarioides 

in 

Intertidal 

1=,..,.rI""ri ........ 1t1'\ • ..,.,..~' .. I\I Iridaea fanlimJrioide 

Hommersand et as was the low-

intertidal to subtidal SPE!CIE!S Iridaea I-I::llnn~~('h and ::sainteIlC€iS 

1 Lamouroux -

Hommersand in Brazil was nr,;:.rln,mlln::lfltlv nOI'-n~nrIDdlJctive. with ramets 

,. ... n,,. ... "' ... .,tin.... 0.5 to 14.5% 'Alh, ...... .,"'''' t<>t"",,,,,nn''<>",r'lj,,,1 were rare 

had as well as a number 

but tetl'aslPoric ones The Resorcinol test indicated most of the ve(]et:3tive 
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to be nl:lIYl<:>ilnnhvti.... r,.'iflJ:lrlin,J:l SJi{ottsbercJIi in central -southern was dominated the 

never Y<:>n ... ""C!,,,,nti 

In certain SDE~IE~ it was found that 

no""".""",> in Im.",""n:::a, 

more than 

may switch 

C!1'V" ........ ,,,h\,..tit' in 

of the 

Mazzaella 

1990 but was 

October and remained n:::aI"n",,'tnnh\If',,", dominated until 

in 

solen/lenls in V81nG()lJV81 

More or less 

had an overall 

Edward Island in 

decreased more 

al. 

in a 

et 

in winter 

na<~eae has also been r""" ...... rt.'rI 

a number of POllul,atic,ns around 

The G:T ratios obtained for Sarcothalia seutel/ata were close to the 2.8 value obtained in 

and 

sequence nl'l' .... ""1·., that fronds of this SDE~CIE~S sUlVive 

for at least three with 

per male-female "'''''Tt<>'tn ... h"t,<> 

niff"" ... <>n"",.C! I)etlllreen the fronds. 

four every one 

and there is in no ec<)IOlJICl31 

The ... "",;:,C!n,nl 

be caused 

of a life to ", .. ."nn.ni ... "..., is uncertain. Numerical nn .. ";"·"",,,..,., 

eO:JIOIJICBI l'Iiiff"""""n,!"""C! Oet1weEm the 

ec<)IO!liC<:lIIV similar nh,::a_,C! 

dominance is also pos;sible in 

I'In.nin~nr·"isn~.C!""m~~in .... h~anU'1" 

~BI·COlnaJ.,a seutellata consists 

a stable ratio 

1t ..... "" ...... , and 

few to 

as the that 

numerical 

discussion of 

to wet mass 

The spe.:ies 

was noted to consist of discrete that could be as or 

'infertile'. The occurrence of masses in summer and lowest in winter is similar to other 

I"<:lI'T"""''''''.nnnh',......... SPE~CIE~S in South Africa. Mazzaella 

,.. ....... ;lUI''' with 
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in l:Il"rlI1l'>\,1""" in summer Levitt Bolton and 

were than in t.:>tlrl:lCl,nnrir and cvs.tocarf,llic 

nhl::lCUl'CI became fertile at masses as low as more than 0.2 

to fronds were than 0.2 to There were a few 

as in 

be eXI)ectea to release both male and to ..... ,,,,,'''' 

sel)ar.~e out If 

the spEK:iE~ is OI09CIC)US, as are most of the (":11""'11' .... ",,...,,<.,,, it would 

seem more 

The cysitocarplc be eXl)8cted to consist of heavier cvs.tocarnic fronds as well 

as 

fronds. Thus there 

and 

did not occur as 

and infertile 

pO!;seSSEld few 

Thus either the 

'infertile' fronds 

a 

are 

discovered different 

"'''',.".''''." a "'rnnnrihnn of coalescence than the latter. This <:>1J'=,,",UICllC that 

crusts the same """'nti~.r coalesce. This the OVl,,,tO"I"'''' of sep,ar8'te 

tjQlrrl:::llp and male 

mass content did not QQ!:tClt'\,n!:lIII\l and was 

to 

Some seasonal variation occurred in but it 

mass content was """11':>1",::111'1.1 to the infr'::Ilitt''''I"~1 a 
the midlittoral 

The had a similar structure to each other in that 

fronds surrounded ones. 

infertile The number of did not show much variation 

to in 

June 1998. This I"nIT.:><:,nn,ntill'>i'I to the in the had masses. 
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This to the "'I"'<:;:~UVI 

correlation was 

seLlle/l!Bra was C!:!:lOnnnl.: ..... 

massed 

of \A,"'''"'''':>'' there is an between the number 

mass the no 

to Inw!-lnt'Artl,rt.R1 rock 

""vr'.'''·,,''''" ... ·'''' severe stresses to n""""""nT 
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3 

mass 

There is no 

source 

in South Africa of Grclte/()upla C .... n:;;.rnn used as a 

There or 

In other of the world the of 

carrageenan spe!cies, as well as other members of the 

been I"h~~rl!ll~tlOo"i7",>rl less has been 

to the 

extracted from Grtiltel()UDia from Taiwan was described as and Ui 

A om/COCOlllOIOIS from 

other members of the HallymlenllaC43ae also 

...r~lr~I"I_'1l!1n but IR spe!ctra 

differenres (Zabla(::kis The 

presence of acid residues lead to its as "",_1""""",,""'''''''''''''''' 

.... "" .... "'n"""".~""" which is not the 

dominates the ). 

:n"'otl"\'"''''' ... ''''I''''''' .... "" ... ""..,"'11\1 have a lower ..... ""' .. """',"""" ... "'" 

in a et 

carrageenan content of of the world .. ",,..,,.,t:>('( 

et Zablackis and Perez 1 and could thus be a ......... 11'1..,.,,,, .... "'<>111" V(~I .... GILlIC 

I"l!Ir'rl!lnllOolOo'1nnhvtil" Sl)ecles. It have a 

and taxonomic work is to ensure that the South African is the same as those 

A number of studies on various SPE~CIE!s of Gnlte/()upia been 

et a/. from of Grclte/()upia 

cited in lima et al. 1 isolation and culture of the two spelCles 

and 1''''''''''''''"'''1'''''''''''''''' of ... I""ntl""tc< from C<&:>.I"' ..... "'.ntl:! of (;iIClce/()Upla 
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et el. and effects 

callus and mn,rnt1lnn,=>n"".~i~ 

Pilot studies of commercial cultivation 

coast of 

and on 

and 

have been on the 

v~let~i~le pl~p!ag.~Ucln were 

due to ""V'VUIII Greater success was nhit::::lOirl""rI from 

and in"""""l::,e.ir ..... the available substratum the environment. 

In the SDE~CIE~S is abundant in rock the west coast not of 

biomass to make n", ... , ... I>1' .. ". plracti~il. It is abundant in hi .... h_il,t""rtirl::::101 C!.I'\rnmim".~ as 

as the have also been collected. A 

stressed environment rock with t""n"ln"",rml 

The aim of this was to determine the """"r"::::10, ... "'~.n",!n from 

and 'lIIh.",th.:.r 

life has 

(teltra!~POrro[)hvte dominance most 

fn'!)" ...... ""tnlnh,rt",,\ dominance is more 

was thus to determine if Grc3tefoUOIa 

one the 

in various seaweed with 

... ""''''''',''' where "'"""Inlll'i 

The second 

dominance and whether this 

seasonal variation. The third aim was to determine if there was a season 

other in is maximum 

mass to occur in summer and minimum frohd mass to occur in winter and Levitt 1 

mass content was and Joska 1 Levitt the seasonal """"",t.nn in 

examined to see how this compares to seaweeds and to see if there is any ,.""I'::or./"n"'I"> .... with 

seasonal of ('::::IOIT",.,,,,,,,.",,,,n mass. ~e;aWlaeCIS in """""1"",.::::101 have a water 

content that 80 to the fresh mass on the 

shore matter content in 

matter content than the midlittoral form. There was also some seasonal variation in this but 

maximum values in summer ,.",n,!"t<:>l'i from 

about 24 to of and from about 22 to 26% in the 

matter content that r",n,n...rt There was no seasonal """ci",ti",n 

nocddH ~I~ e:ir<:ileJrOUIO/a filicina be to have a 

matter content as it occurs in the hi ... I'Li.,t", .. -tirl,,,,1 
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were 

on the Atlantic coast 

OCltob43r and December 

Peninsula. ColllectioflS were made in 

S""I"\t""I"h~"1'" 1998. 

were on each were the same 

method as that used for Sarc:c,thJ~/ia ,sCt'lt:1I11::lH::I to achieve Collections were 

never same rock as those of the latter spE:!CiE~S as in 

tr~nctl'n .. t""rl back to the in in an insulated 

container. As the occurred in dense stands which it was not to 

rather than were examined. 

CalrraIIlAI~na.n content 

."' .. ""' .... ,.,..,,..,"' .... extractions were in 0C1t0b43r and 1997 and 

,<;;:",,.r-roth<>ij,,, scutel/ata same method was used as 

The nlT.nnrtir.n fronds that were in 

S"",'>te:>onN:>r 1998 that were t""tI~<t'r'lnri" 

the thallus and 

June and 

1997 and 

determined. 

under the 

of the fronds was determined 

mi(~r~)cope. T""tr!:l'C>l"'Ir, .. if' fronds were irlgntii,,,,,rI 1"'1""'."'''''''''''''' of rli <:.""" .. ,;,.::>rI 

tlO!>t=<::l"Inlraninia within the cortex 5.1 of t:h,:.nb:>," 

the The 

Resorcinol test could not be used this SPE~iE!S as both nn,:,,,,,,,.,,, pc)ssess 

and so neither react with 

Frond 

mass was measured second or third month from 1997 to ..... :u-rt"" .... h<:> .. 1998. 

nlnn\~If' "'r .... "',n."' ..... '" were removed and the mass each Fronds were 

dried in an oven at 60°C until constant and the mass determined. 
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.... "~nl'tl .... ''' .... 't ,.,1111,,,,,.,,,",,,,,,,,, were rl",.tAI'miim::.n Kruskal-Wallis ranks the software 

version 5.1 (StatEioft 1 

Both the tAtl'a<I:I"Inrlil' and the l"al'nn<<:lI'V\ril' 

in which 

mass I"n!mrlnClAri .... a'nn'<:lnr'rit' fronds 

were of ITIIt'IAI" mass to """"Tn" ....... the 

70 

60 
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<II 
m 
E 
i!:' 
"0 40 
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c 
j! 
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m 
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u !!illi!iI DecW 10 
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Tetrasporic Carposporic o Sep96 

Fig. 3.1: Carrageenan content of tetrasporic and carposporic fronds of Grateloupia ftlicina from October 1997 to September 1998. 

There was insufficient carposporic frond mass to perfonn the extraction in December 1997, Mean SE; n = 3. 

Phase comlJlosltiOln 

ml(::.ro~SCClpe to '';0.1'''11:.1", fertile the were ",,,·i",,,." into three different 

.,....,.."",.,,,,,ri.,.. and intl:>rtlllA The rock were dominated 

over entire 
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D CarpospOOc 

!lmI Irtertile 

Fig. 3.2: Percentage ofpopulatiou of Graleloupiafilicina composed oftetrasporic, carposporic and infertile fronds from April 1997 to 

September 1998. (n 50). 

Mass 

T""i, ... """''' ...... i,.. fronds had an "'''''''''''1'.0 fresh mass of 5 to 10 9 

l.,.,..,"'rnl~ .. 1997 were heavier than tetl"aSIOOf.IC 

March 1998 ::: 1 

were also ::::: 

in December 1997 to the other months but too 

n"",..."""' .... N... """'''''' .... 1''' to allow conclusions to be made. All 

October and December 1997. Infertile 

were of I"f'lrnn~~r::lt to the 

SI'l>I"ItI'l>ITlN:>r 1998 to allow much ('f'IrTln'::lIIi~U"'In 

collected in 

too few 

), 

uct()Der 1997 

"' ..... , .. "' .... ti to have 

<:I" ...... ,"',. .. ,ti in the 

in 

.... "' • .,,<t"' ...... h'''.. 1998 

fronds occurred in 
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...... Tetrasporic 

'.0- Carposponc 

Fig. 3.3: Fresh mass in grams of fronds of Grateloupta .filidna from Oct 97 Sep 98. Three types of frond are depicted: tetmsporic, 

carposporic and infertile. Mean ± SE. Values of n fur T (tetrasporic), (Carposporic) and I (Infertile) fronds: Oct 97 T 40 C = 10 I 

=O;Dec97T=47C 31 O;Mar98 33C 101 7;Jun98T=30C 151= Sep98T=37C 11[=2. 

to wet mass was around 22 to 26% for t",t~C~fV'!, .. i'" fronds 24 to 

were constant for most of but decreased in 

of c;;:""nt"''"''t"", .. ..i..,.nif'irl:lntliu lower 

than 

at when 

""il"lll''IIt .... ''.mlu lower than """.· ......... ""IV' ....... 
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Fig. 3.4: Sellsolllli variation in dry matter eontent of Grateloupia filicina from December 1997 to September 1998. Results are 

expressed in % fresh weight Mean SE. Values ofn for T (tetrasporic) and C (Carposporic) fronds: Dec 97 T = 47 C 3. Mar 98 T 

33 C = 10. Jun 98 T = 30 C = 15;. Sep 98 T 37 C II. 

The ..... ~ITt:ilI'=.nt:il'n from both life nhl'l_.c:: the west coast 

the SPE:!cIE~ ... " ...... 'o;ri ...... from 

Korea and 

mass Zat)laC~Kls and Perez 

A review of 26 SPE:!CIE~S within the 

also involved alcohol preCipitatl 

~nll",tnnjQlnil'lljQC:: indicated a lower ~ITl:I''1~''n~ln 

ISSIPPC)imingintermsofph"coCOllloid this sPE~cietS 

use in the food 

was the 

The seaweed was coliectE:K.1 from that occurred in the h .... 'h_""'''''I''t.i1<>1 zone which 

intensities. 

diatoms and 

studies 

as 'o ......... "' .. "'.t. 

numbers of the cushion star which feeds on 

were often found on the fronds. The 

more ca[)aOle of ",lif·h .. t'""ntiin, ... such environmental stresses. 

.. """ .. ",,'Iinr,.. (B:~ .. ""." ... h and Branch 

on distribution within Gf<::lte,/oup/a so the of t""tl"l:I.~nr'l"nlnh\,ttjQ 

dominance is uncertain. G":lte,/OUDla acuminata was collected in 1990 and March 1991 in 
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Central and +"'t.."'''' ........... ,,,,,I-,,II-.,,,,, were encountered 

sPE~cie!s was as 

this et al. 

so nn"",,, .. ,, ,." ... ""',,, ... ,,,,....... the 

attached were not inv~estlgatea. no::;' ..... u~'.;) ,...,,,",,if,.,.,.,,, a member of the 

HailyrrlenllaCleae on the South L>Tn' .... "'" west 

and t",tI"J:I<:!I"Vlr,r'lnl-,vt".<:! in late summer when most 

It is that dominates 

OIDII()IO dominance 

and 

from the inter- and sub-tidal in 

of from various 

has inherent ~m,/~r.t"'I''''''Q over 

Isle of Man 

and certain 

This SDE!CIE!S I""r'lmnli",c::. "'11'>""'1":::11 n~:ltt""rn of mass in summer many I"hnit'ln,nh"t",c::. 

in ... "'1'111'>'-'::11 and those on the west coast in 

Bolton and Joska The few in which no fertile 

structures could be detected were not much rlitt,,,,,""'nt in size to fertile fronds. The main axes 

these were weI! and it that the distal the 

structures of fronds tended to occur in 

the ultimate branchlets it is that these were fronds whose 

IItir ... <:>I'o branches had rl<:>f'", .. i,nr",tl'>rl after spore release. It is that these are 

n~'m<:>fn .... n'l'r<:>c::. as this has been described as both monoecious and 

dioecious WI'\m''''I"C!lo\l 

The mass .... nr't""'t iSl"'n,nn",..". to found for ',1:0'7',",1'/1,;",,;, S(;Urfmal~a 

1 As eX~leCl:ea, values are 

somewhat ..... hlh"'i.,1'>rl for the mid- to low-intertidal """'"l"V'\lrn to 

on the shore have a matter content which 

related to stresses encountered here. and Floc'h seasonal 

H!3'!"I<>tinn in matter content with maxima in both winter and summer whereas no 

seasonal variation was for scutellata. The decrease in matter in 

.. ",I ",.tat'! to the iniflm't'ln 

mass was achieved in the summer. H ..... h"' .. 

matter and carrageenan content in 

<:lIt,r" .. ",n,n oelween .... ;trr"' .... A4'>""'n content and 

content occurred in the 

a in as nrp::::.tp,c::.t 

rates have been noted to correlate with lower 

et 1 There was no clear 

mass content in this 

of 

a 

in 
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it was also low in and The ,...""."nn .. nr,,,i,... fronds had ,...n'"nn,,,,,,,,,,hhl low 

contents at all mass content than the 

was little riifl\",,.,,,,,,.,,...,,,, between the as 

occurred 
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This investigated reprodluC1tive characteristics of a of ;sa/reolm 

Leister on the west coast of Seasonal in 

characteristics were examined to determine if fronds were round and if there is a 

of maximum 

cultured from ::'1.A..I1t':::.. In,vel!;tig.atio1n 

structures 

consist 

Hommersand and 1= .. ""rlOI';"'''' 

structures can 

Knc)WI~3aQle is 

involved rl",t'""rrni 

the number of 

"""rl,,,,,,,t if a SPE~CIE~S is to be 

the number of repirocluc1tive 

occur in the inner cortex and outer medulla and 

and 1 

are rounded 

Both these 

involved 

released 

A of warm 

listed in indicated that between 

10 to formation showed variation but was also in the of 1 0 to 20"C. 

west coast of 

between warm never fall below 

11°C in warmest month are as low as in certain areas and to In northern 

and Anderson It has also been demonstrated that is 

nl"""l'rl""Qt numbers of reorodluC1:lve structures 

have also been .... ",,"'rt~'rI Two other that 

occur in the mld- to low-intertidal zone of the west coast of South _C;;:"'W>I'1,th~.lio stiriata 

Leister and were fertile and did not 

show seasonal variation in 
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did not show seasonal variation in .rl'll·nl"lQnI'\r~ UIU'UUI..'lIUI 

showed seasonal in the of ,.",,'1"1""''''''''''1'''''''' 

The presence of cv~;to(:an)S 1<:>"'~I ... t" ... that 

will be At certain times of the pO[mlaltlOrlS of GnlcillClria 

reDfOCiluC1tlve structures were ...... "', .. "'.,t and 

not 

n"~'llIt,,,,qt numbers of reD,rodluctive structures were 

It has also 

alwavs ... 1'10111"1 .... "1"1'" to the 

r""n,nrl,,>t1 that 

the 

allow 

The iJU~JUIC:UIUI 

were 

and Neushul ",*'::'W'lIM to indicate an .... ..,1,; ....... ,"'1 

fertile l'l"Il,l1i1rinrl<l: are 

1'I"",uur.I'\,,,,,,nf as most llIl'\ln~~~,. to pOs.se~)s reserves to 

:::>a.rCO'cmIll8 scutel/ata was fronds of the I'IJ:llm",tnnihvi'", 

to detennine if these factors could be to 

this SDEK:IEtS was close to the 2.8 

of the 

in 

thalli that followed the 

t",tlrJ:IQnnlrnn,hv1t", and one l':OITlnc::.nt"l"'" 

(~r'''n<=ti and DeWreede It was thus whether +o.,.<:>",nl"\.,,,," .... ,,,1 sori 

"'·1£',. ... "'as 

spores are nnr'_l'"I'"lnTll and Q.l/rnm,,,,tr"ii.rJ:lI with diameters of 15 to 120 IJm and 

c::.<:>ttlin,1'I The Harrison m"'TI"I/'\I'IQ have been evolved seaweeds to imru·n\"", 

presence of a IOO!>eIV 

et 1971; and Mathieson 

J:l1'I'r"lI"",,,,,,,II,,,rl spores would sink faster than 

the Rh,rvi .. \ ... h,tf", 

of _<';:""rt'V'lth~~Ii"" 

Environment is 

a result of their small low content 

contrast to that 

have 

nr"",,,,,,,"I1' clear-cut categC)nE~S 

.rn'YACtnnlnrl.:>rI most Glm>elv to that described as 

on the rate spore l'IoITni,n:otinn as 

food reserves and resistant walls in 

of spores cannot be oellaVI9(]_ Howe'iler 

have been noted to enter a 

"""iMI., of darkness which must have some fonn of food reserves. It has been 

be to ensure secure attachment to the 

in nOITniln:otinn success have been recorded for red with 
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seasonal variation occurring in Gelidium robustum (Gardner) Hollenberg et Abbott (Melo and 

Neushul 1993), higher gennination rates in tetraspores than in carpospores of Chondrus crispus 

Stackhouse (Scrosati et al. 1994) and with spores that settled in clumped positions having higher 

germination success rates than those that had fallen in isolated positions (Carter 1985). 

In this study, gennination of the released spores was studied in culture to see if a variation exists 

between the different seasons, between the tetrasporic and carposporic phases and between 

spores that had settled in clumped or isolated positions. 

Fig. 4.1: Cross-section through tetrasporangial sori of Sarcothalia scutellata. 

1 mm 
cystocarp 

Fig. 4.2: Cross section through frond and cystocarp of Sarcothalia sculellata. 44 
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Fig.4.3: Fertile frond tips of Sarcothalia scutellata 

Method 

Clumps of the seaweed Sarcothalia scutellata that were collected as described in the methods of 

Chapter 2 in December 1997, March 1998, June 1998 and September 1998 were utilized for the 

investigation of reproductive characteristics. Spore discharge has been noted to be related to the 

tidal cycle in intertidal tropical red algae where it occurred when thalli were immersed (Ngan and 

Price 1983). Thus to prevent spore release during transportation no seawater was enclosed in the 

bags. Time constraints prevented the assessments of reproduction to be perfonned on the same 

day as collection thus the seaweed was stored overnight in sealed plastic bags in the dark at DoC. 

This maintained the fronds in a healthy condition. 

The number of reproductive structures produced was determined by counting the number of 

tetrasporangial sari or cystocarps on fertile tetrasporic and cystocarpic blades. The fresh mass of 

each blade was measured to detennine the number of fertile structures per gram of fresh mass. 

The random collection of 50 clumps per sample period and the varying number of fertile fronds 

within clumps prevented equal sample sizes for fertile tetrasporic and cystocarpic fronds. All 

fertile fronds that were collected were included in the analysis. 

45 



Univ
ers

ity
 of

 C
ap

e T
ow

n

To determine the number and pattern of spores released, ten frond tips of each phase bearing 

either a tetrasporangial sorus or cystocarp were placed in two plastic culture dishes (repli-dishes) 

per phase. Each of the four culture dishes (two per phase) consisted of five rows of five chambers 

making a total of 25 x 6cm3 chambers per dish (Fig. 4.4). Each thallus section was placed in a 

separate 6cm3 chamber in the first row. The media placed in each chamber was 4ml of third 

strength (6 miX') Provasoli Enriched Seawater (Provasoli 1968) and Ge02 (1ml of saturated 

solution. r1) to inhibit diatom contamination (Markham and Hagmeier 1982). The culture dishes 

were placed in a temperature controlled room set to 15°C, under a light intensity of 60IJ mol 

photons m-2 
S-1 and a day: night cycle of 16:8 hours. After 24 hours, the thallus sections were 

transferred to the next row of five chambers containing 4ml of fresh medium and the number of 

spores released in the first row of chambers was counted using an inverted microscope. The 

parent thalli were transferred to new chambers containing fresh medium and the spores released 

each day counted for five consecutive days. For the first and sometimes second day of spore 

release dense clusters of spores were released. In order to count these spores the eyepiece 

scale was positioned over a section of the clumped spores with the 20x objective in place and all 

spores within the area demarcated by the eyepiece scale (an area of 4 by 100 eye piece units or 

20 IJm x 500 IJm) were counted. The area of the entire spore cluster was then used to estimate 

the total number of spores that were released. The third to fourth days simply involved counting 

any spores that could be found within the chambers. 

tetrasporangial sori 

, 
Reproductive structures 
releaSing spores 

~ .. 
~ " 

.• ~ 

cystocarps 

/\ 

'" ~ 

Fig. 4.4: Experimental setup for determining number of spores released per tetrasporangial sorus or cystocarp of 

Sarcothalia sculellala over five consecutive days. A second set of dishes was set up as diagrammed above providing a 

sample size often tetrasporangial sori and ten cystocarps. 
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A of the of entire was achieved mean 

frond mass and mean number released 

number of reclrOClluctive was used to determine the 

structures per mean mass. 

to number of 

To determine n""'rrnin~inn 

cvsotoc:arrls were rinsed in a 

mean mass. 

ten fronds 

recmdluctive structure was then 

tot.r<:a"""' .... r'<:an ... i"'l sori and ten r .. ::.~:lnr.n 

in se~Iw.;lter 

seconds II-I':>ritnnirli", from each of the ten t.ot.·"'''',,, .... riil' and ten cv~)t()(:;arPic 

chambers of culture dishes as used in 

in """""<:IJ"",to 

"'Ylr"I",r'im.;>nt and which ........... t<>i ... ""rI the 

same culture medium. The containers were 

in the The fertile frond 

"",." ..... inht under the same conditions as those 

were removed after 24 hours. The "'''''1''''''''''+'''1''''' of 

on the third were rellea~)ea was 

were considered as n""rmi'n~t.,..... when cell divisions were noted to occur. success 

rate was from fronds that were collected in rlitt,~r",,'nt seasons and that 

had nl"i,11;n",t".rI from different nh~:l<Ul'c:. r.,nrr.n"'l'i<:.<',nc:. were also made between 

and isolated which were 

those that had settled away nn""" • .--"" contact with other spores. 

structures were used in this 

chamber used in the 

ror-"",,'O an aU~#4u,cILC ~rnnllnn of and isolated 

structures IIn.JUln .. ItIU 

Opr:IOSE~Cl to the 

to ensure that each 

was encountered for both nh,::o<:.lO'eo of .<;';"'Yr'r.th~~/i"" sellcaJ'/ar,a. The number of 

structures per mass varied with raw data values .. ",,,,ni ... ,,.. from a 

minimum of to a maximum of 383 tot' .... .,nn""'nni and from 0.7 to 150 I"'\/c!'tnr'''' 

mass. A similar seasonal """"at ....... mean oft~'_""'nnron,~i<>1 

sori and cvs.toc:arr)s dles~)ite the very different structures The number of reo,rocluC1tlve 

structures 

gram of 

the number 

VYI.lV\::U was in summer tetras~lOrclnQiial sori and 48.3 cve:t:oc:anlS per 

mass in December and lowest in winter 

of mass in June ANOVA ranks indicated 

t",tor", .. :nn""'I"IJr1j",1 sori was not each season 
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4.1 n,n""""~TI" fewer ,...,,,,,tn,...,,,,-n,,, were "'y'''' ... ,,; .... in June 1998 than in December 1997 and 

C:e, ... t"uT'lh,,,r 1998. 

December 1997. In 

CVlstocalros were also "' ... , ......... ' .... in March 1998 f'1""I'Tln:::ln:::.r! to 

nh,,,,,,,,.,,, to each other at each month there is no ",innitif':::I,nt 

difference in the number of re~)rOldu(:::thJ'e structures 4.1 

60 

50 

If) 40 
~ 
::J 
ti 

~ 
30 <ll 

:e 
$ 
'0 
iii 20 .0 
E 
::J 
Z 

10 

0 
Dec 97 Mar 98 June 98 Sep98 

• T elrasporangiai sori 

o Cystocarps 

Fig. 4.5: Seasonal variation in number of fertile structures (tetrasporangial sori or cystocarps) per gram of fresh mass of fronds of 

Sarcothalia scutellata from December 1997 to September 1998. Mean ± SE. Values of n for tetrasporic (T) and cystocarpic (C) 

fronds: Dec 97 T = 59 C = 39; Mar 98 T = 55 C = 55; Jun 98 T = 61 C = 106; Sep 98 T = 37 C = 66. 

(A) Tetrasporangial sori Cystocarps 

Dec 97 Mar 98 Jun 98 Sep98 Dec 97 Mar 98 Jun 98 Sep 98 

Dec 97 0.400 0.110 0.360 0.036* 0.000*** 0.188 

Mar 98 0.400 0.599 0.821 0.036* 0.095 0.223 

Jun 98 0.110 0.599 0.344 0.000*** 0.095 0.001*** 

Sep98 0.360 0.821 0.344 0.188 0.223 0.001*** 

(8) Tetrasporic 

Dec 97 Mar 98 Jun 98 Sep98 

Dec 97 0.386 
u Mar 98 0.921 'il. 
"-
I'll Jim 98 0.263 u 
0 ... 

Sep98 I/) 0.312 :>. 
0 

Table 4.1: Significant differences in numbers of fertile structures produced (A) between different seasons and (8) between the two 

phases. (Kruskal-Wallis ANOVA by ranks). * p < 0.05; ** p < 0.01; *** P < 0.005. 
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Number and pattern of spore release 

Both the tetrasporangial sori and the cystocarps released numerous spores (in the tens of 

thousands) simultaneously (Fig. 4.6; Fig. 4.7). As spores were released, they formed a 

continuous stream that was loosely bound in mucilage. Soon after spore release (within 12 to 24 

hours), the spores would attach to the substratum and very few loose spores were noted. Thallus 

sections remained reddish-brown and firm until all sori were released; thereafter, they became 

green and soft. 

Fig. 4.6: Tetraspores of Sarcothalia scutellata soon after spores were released 

4 5 

"0- tetraspores 

...... carpospores 

Fig, 4,7: Number of spores released on a dail y basis /Tom individual tettasporangial sori and cystocarps of Sarcothalia scutellata. 

Combined data from March 1998, June 1998 and September 1998. Data of December 1997 excluded as cystocarps failed to release 

spores. Mean ± SE; n = 30. 
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The mean number tot,''''''''' .... ''''r''''"',j'''l sorus r"," ... orl from 44000 in 

1998 to 1998 but did not show ",in"ifii"·"""t seasonal "",,,,.,,,,tU," 

The mean number of I"l::arnn'~nnr".!:: rellealred per 

low mean in December 

1997 f'l:lIl·nn·c,,'V,,·.:,,~\ was due to but one of the cv5;tor~artlS used in this 

to release ca,focISOOrE!S whereas all ten f'\I.~tnl"<:II""'<Q: other three mn,ntl'1,c: 

tested. In those months in which all ten cv~;toc:an:1s re~leased f'l:lIt'nn':nnrA<Q: 

Det1iNeEm the carpospores rele!aSE!d in March 

released in ~"'n+.,.rnt,,,,,,. 1998 :::: v.v' ..... n. the number released between 

rellealrea than ..... "'ir"'r."'n"",.~'''' S"""ItAlnhl::., 1998 :::: 

tot,r",,,,,,,,,,,,roC! were releaSE!d in December 1997 :::: 

due to 

1"~'n'V'Ic:nn''::'C: to mean number t.:>tlrl:llc:nnlrAC: were 0.09 in 

1 

appear to ",,,AI,,,,,,,,, four tetras,DOires 

per season is indicated in 

100000 

140000 

120000 

~ 100000 
ill 
! 
~ 00000 
0 c. 
til 

'0 00000 

B 
E 
:l 
Z 40000 

20000 

Dec 97 

Therefore 

each carpospore. The mean number of 

4.2. 

Mar 98 Jun98 Sep98 

not 

Fig. 4.8: Total number of spores released tetrasporangial soms and cystocarp of Sarcothalia scutellata from December 1997 to 

September 1998. Only one oftlle cystoearps released carpospores in December 1997. Mean ± SE; n to. 
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Month Tetrasporic Cystocarpic 

Dec 97 13986 522 883021 

Mar 98 5409266 3332684 

Jun 98 1 805138 2524229 

Sep 98 7726800 8177 108 

Table 4.2: Mean number of spores per tetrasponc and cystocarplc frond of from Sarcolhaha sculellala from December 1997 to 

September 1998, 

Germination success rate 

Germination of spores was indicated when the spore contents began to divide (Fig. 4.9). Both 

tetraspores and carpospores had very high germination rates for clumped spores throughout the 

study period. Mean values for clumped tetraspores ranged from 88 to 93% and for clumped 

carpospores from 88 to 95% (Fig. 4.10). In both phases, the isolated spores had much more 

variable germination rates ranging from means of 61 to 70% for the tetraspores and 36 to 86% for 

the carpospores (Fig. 4.10). The isolated tetraspores did not show Significant seasonal 

differences in germination rates. The isolated carpospores of December 1997 had significantly 

lower germination rates than those of March 1998 (p = 0.009), June 1998 (p = 0.019) and 

September 1998 (p < 0.0001). Those of March 1998 were also Significantly different to those of 

September 1998 (p = 0.041). 

A comparison of germination rates between the phases showed no differences in germination 

rates between clumped tetraspores and carpospores or between isolated tetraspores and 

carpospores on each date. A comparison of settling position indicated that fewer isolated spores 

germinated than did clumped spores on each date with the exception of carpospores in June 

1998 when isolated carpospores did not show significantly lower germination rates than did the 

clumped carpospores (p = 0.069). 

Fig. 4.9 Tetrasporelings of Sarcolhalia sculellala 24 hours after spore 

release , Most spores have germinated as indicated by divisions within 

spore. Ungerminated spore indicated by arrow, 51 
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"" til c: 
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t') 

20 

10 
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Decg{ Mar 98 Jun98 

-0- dumped tspores 
(haploid) 

'.0- Isolated tspClres 
(haploid) 

.... dumped c.spores 
(dipldd) 

.... isolated c.spores 

SlOp 98 (hapldd) 

Fig. 4.10: Germination success rate of clumped isolated tetraspores (t.spores) and carpospores (c.spores) of Sarcothalia scutellata 

from December 1997 to September 1998. SE; 

As fertile fronds of Sarcothalia Beutel/ata are encountered the year, this sPE!CiEtS could 

be COllect~:!CI at time for The ".--1';....,.·01 time for collection as indicated 

the number of ro,.,rr"rI. structures is summer. 

SPE~iEtS within the r;:iru:.riinl:l,"""::'JI!> ATr'I"~ln west coast in are abundant on the 

the mid- to II"WIil-il1.t""rtirl,,,1 zone, Sa.rro,thIJlla stiriata and r::irrs:lrl'ins:l to occur 

';':s:lj'rn!'haliQ ;:)I.iuttmata. Table 4.3 shows a on eX!:IOSEld rocks between the rock 

between the numbers 

as member of the 

Sarcothaiia seutel/afa Glgartlna polycarpa 

T C T C 

500.17 140.69 

Spring 34 ± 20.1 40 23.6 

Summer 45±38.5 48 31.1 

Autumn 40 ± 52.1 36 28.8 

Winter 30±20.0 27 18.4 

these SPE!ciE!S as 

North Atlantic. 

Sareothalla stlTiata Chondrus 

T C T C 

181.00 55.83 

151 ± 116 23 21 

244± 174 102 59 

Table 4.3: Comparison of results fur numbers of reproductive structures per gram of fresh mass obtained for four species within the 

filmily Gigartinaceae: Sarcothalia scutellata from this study; Gigartina polycarpa and Sarcathalia stiriata from Levitt (J998) and 

Chondrus crispus from Scrosati et al. (1994). T= tetrasponmgiai sori; C cystocarps. Mean ± SD. Values fbr G, Polycarpa and 

stiriata are means of values obtained summer and winter data. 
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'~"'rtV'!,th~.li", stiriata ....... , .. """' .... <>,lInYlTl\1 more cv'J..toc:an)S and more 

more structures in 

No seasonal variation was found in the number 

re[lirocludtive structures or in the nOI'"""nt<:lln"" for either these two 

SPE!CI€'S. The number structures in ."~,r("f1ITnf;lIIf;1 ",,(.,Lflcmcna was also somewhat less 

but " ...... ·•· ... ·\;::.,.:::.hl"" for Chondrus a SPE~cIEIS that has a number of 

,,,,,,,,,rflt'.,,,,1 resemblance in occurrence in 

mass and size CVl:iIOC:afl)S (1 to 3 mm in tii:::'lmo,t"".-\ Isr,,.n'~fI et 

a t'n ... t .. "''''ti.."..... """"''''''''''''':01 n<.Holm reorodluctive structures were in 

summer in autumn. A on a SDE:!cIE~ 

that 50 to 100 t ... t,.,:: .. :' .......... ""'nn; 

autumnlwinter 

Greatest numbers 

and Neushul 

the Gelidi,ac€'ae. """""UlL." rrinH '''''Tn from 

of fresh mass were vu, .. """, .... in 

r-n.nn,::. .. ""hl ... to that of SajCeol'haj'ja seutel/ata. 

structures also occurred in summer but the seasonal variation 

was fresh 

that the nrA!::rtAr structures .... n'·r ... "'nnlnti;::lIf'I to water 

The ti""I'rA!::I~ in to the loss necrotic t""tl!"l::lQlnnr'!::In'rli",,1 

after had released and seas occurred. 

is concordance in the seasonal n!::Itt""l'flQ of 

number of structures 

mass 

both 

structures occurred in summer which was also the 

\Alhl""r~>""", fewest fertile structures occurred in the 

in 

number 

of (\ ... """"to",. frond mass 

mass. 

ncrea~;ed numbers of structures would .... "'run'''' to frond mass. hin',Ale",,,, .. as the 

structures tended to occur the of it seems 

was 

No u", .. u."", r;::.I""tinn'Qhiin was found between the of re[llrodluctive structures 

the most 

not shed "'......" ..... '" as 

yy ... """ .... and 

as 

were 

the VVIJv~:uinsummer(n.>r-~,mt~,. 

other seasons. There is the lower incidence of release in summer was 

due to spores 

shed per cvstocarp 

""n""::."",, released in the wild. Greatest numbers of c:arpospores were 

of 109000 The number of released 

per sorus, like the number of per mass, did not show "', ........ t.I'O.!'It 

seasonal variation. Melo and Neushul (1 found a lack of I'nl ....... 'nn.nti.:>nr·'" in these two 

in I.::iBIlO/iUm fODUSlum as the hi,..,ho,,,,t numbers of t~tlr!::l~lnnr'l::In'rli!::l1 sori 

the ....... 00+0''''+ number of were released sorus in winter. 

in whereas 
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Far more t",tlf2C1nnlr",CI were released sorus were IJ, ............ , .... <::'\../ 

sori of and Sarcc'tn~~lIa both 

more tl'>tlrl:l<:i:nnrl:lr'nll~1 sori per of fresh mass 

total number 

released per seutel/ata was, less than 

as occurred for _<;;:.QrlV'.th~~li1'> <>v'''''<;>,,,<,,,,,,. seasonal 

DOJfVC,BrLIB with 

more in summer, whereas 

Results are also for the number of 

released far than that of <..:",y,,·,tho/,I" ""J ...... ",,"', ... 

i 

Chondracanthus 
I Sarcothalla scute/lata Sarcothalia stiriata canaliculatus ."" ',.,--;,--,.,-

t.spores c.spores t.spores C.spores t.spores C.spores t. c_spores 

1500to 3000 to 

3000 6000 

Spring 73000 109000 

Summer 71000 6000 688 1429000 6962 159100 

Autumn 48000 38000 

Winter 44000 70000 675 ' 1293000 6299 143900 

4.4: Comparison of results for numbers of spores released per tetrasporangial sorns or cystoearp obtained for four species 

within the mmily Gigartinaceae: Sarcothalia IIcutellata ii-om this study; Gigartina polycarpa and Sarcothalia stinata from Levitt 

(1998) and Chondracanthus canalicuiatull from Pacheoo-Ruiz et al. (1989). t.spoores tetraspores; c.spores earpospores. 

The number of released was also .. o,.Y\rl~orl for a sDE!Cie$ within the 

which released about 450 to 750 spores per tot, .. ",.,n",·",",,..,j,,,1 

sorus over three in winter and in 

increased numbers of tot,,.,,.,,, ....... ,.,,.,",,,;,,,,1 sori in summer 

would ........ YlN"'nCl!"'to sorus. 

and 

too 400 sori frE$h 

and not aDloe~lr to contribute to ,.,"' ..... "'t,,... .... I1,,"'" in 

.. ,..,."th<./to scutellata. The number of tctr':::.e:,nn,r''''''f'1 

c::innifil'l:If,tlu f'iiH,I')r'c,nt to the number of CV!;.toc:arr:IS, 

sori per gram of fresh mass was not 

",",,::II"'''''' tended to release 

of sporE$ 

released 

Jltane<)uslv with most spores released within the first 24 hours. The cv:;;toc:ar[lS 

than did the sori in which would 

encourage t""trl:l<:::nf'llrnnlhull.::> rather than f'll:IITlt:l<tnnlh\l"l"" dominance. Hn'"AI'::>'U"''' f'\I':ctnf'21T1C<t showed a 
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rI""~r"':::1.,"'rI inclination to release 

and summer 

A to ratio of 0.25 

ratio close 2.8 as occurred for 

models of triennial 

and one 

summer. The ""nnIT,,"""""'If'u frond size of 

l'nrnru::.n.,,,,,,t.:, for a lower 2.5 

be ex~)eCtea to occur in that have a G:T 

This is the G:T obtained in 

~f"'n",~~ti and OeWreede 

1 ratio mean number 

not show which 0.81 in autumn to 1.59 in winter .. 

the 

establishment ...................... far 

more 

more ,..""'r .... n'~......,',."'., two 

t~:rJ:II.,nnl·"'., to be release~d 

not .,in'"lifi"',,,nt (PaIChE'lCO.Ru did not however mention 

Some other 

1 

must be involved that 

and 

a/. 

that 

that were released 

~o,."..r.fhoJio .'::>1;Ult;ll/i:iI:i:i were Inn5;elv 

was also noted for " .... ~~~,~, 

stellata 

drift from the n!:ll,,,,nt,,,1 

"',...·..,..,<.ti and DeWreede 

noted to than those non-coalesced crusts 

from t",t,c"",,,,nn''<:In,r'lj,,,,,1 

, ...... ,""'l:j'c. The nm,,,,,,,,"If'''' 

and 

,nf',r",,,,,,',,,,,1'1 sedimentation rate 

et a/. 

of this 

and 

et 

It is also 

include 

"'",,·n.,~.t' and OeWreede and 

environmental stresses 

coalesced crusts have been 

and Mathieson 

55 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The factor related to reprodluc1tiv characteristics in this was that 

In both nh,;:,c>.::><::: '",n,rilPf'l to settle in dense 

not exhibit seasonal variation in n"""lYIiln,;:,tinn nh:::4='C:: did not 

success rates were nhi,,,,ir.<>rl 

for the These values are .... nnnnl:ll'rl'>rl to that 

obtained other SPE!Cles. T,etn~sporeis 

was than the t',;:,rnn.~nn,,.."'c> 

n""rrnin<:ltlnn rates over 

rates 

SPE~cjE~S was 

success of carpospore 

"' ..... ""'''' .. 0I'i to enhance n""'lYIin~tinn 

1'I"""lYIinl:ltinn rates 

It be int~"r",,~ti"'n 

which 

\J~,ril:rlinn occurred in 

showed C::"':~Cll'1,n~1 

n." .. rrn.n!:>l',nn in winter and 50 to 60% 

rates 

n"""rrnin",tinn success 

1 

an influence on the nn:'::.t,"r 

that some 

SaI"Cojfhal'ia seutel/ata. It is 

rather than an 

that 

failure in 

success rate on ~\I~r;;;t, consecutive 

the third release. It is that contact stimulates 

in some manner. This enhancement of n"""lYIlln<>1',nn in spores raises 

the of """'r,,,,fi'tc:: of coalescence. 

In conclusion there do not to be c>innifi,f'""nt f't,n"',""'r'''''',c> in reorodluctive calP8C;ity in terms of 

numbers of structures 

to account for dominance in 

could mean the 

the nniei ...... "'1 

of 

have contributed to 

fertile blades 

the collection could be coIlectEKJ at 

fronds would be ""1'V'l ... ",,,,, were reIE:!aseo, whereas tot,·",,,,.,,,,,rii .... fronds showed 

similar in seasons. 

56 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 

ReorcJdulcti\jre characteristics were nVE~stiigatea to determine if variation in 

reofodluctive structures and 

rnl-nn,;,,.,,,orI to each other to determine if rlitt""r""nl"lI"" i n r~nlrnrll 

IT<:>""nlC!Tnru nl''''',,''''''''' were 

f'h::I~M1I'l.ri<:l;1rif'<:l; could 

to the level t ... tr",."nn,.n .. ,h\J't~ dominance within the IJV~/"""""V' 

the number structures was more cornplica'ted for this SPE~les. as 

mi(~r~:;copic examination. mature can be as dark 

were not was thus 

Sajrcoi~haJ!ja scute/lata. 

reo,rodluctive structures of the t",fr"",.,,,,,,... .. ,nnl-nlf,,,,,, ,""n ..... ,'<>+ uCI:atelY divided 

about 15 

It was noted that the +""* .. ",,,,,..,n, .. ,,,,,.,.,i,,, were released from the cortex in 

~iI"':l:I<:l"'" the four ",,,....,>tin •• ,,, 

The latter process occurred within seconds. The r:l:ll"nnc::nr,rn,roh\Jrtoc:: consist of dense 

in that are the 

The number of "'nrl''-'"'''' released also a different method of InVlestlQatJOn to the 

the the 

r'nrnr"",""nr'Q of spore release and between were thus 

achieved released from similar sized thallus sections. Methods to 

spore release in this have 1 

...... ' .... 0',..,'1'''. in fresh water and t""nron;:l.r:l:ltl stress and all resulted in a 
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high percentage of spore release. However, this was not appreciably greater than that for non­

treated thalli. 

Fig. 5.1: Cross section through tetrasporic frond of Grateloupiafilicina showing 
immersed and released tetra sporangia 

Fig. 5.2: Cross seclion through carposporic frond of 
Grateloupia jilicina showing carposporophytes. 
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The final factor ... ",I<:l,t",N to that was Inv,estllgaltea was that of spore 

resembles either the or """,rr.",,,nn 

n.,.,rrnln~"lnn mentioned in where contents are t'I.c>c,... .. il'\.C>l'l as 

of environmental 

conditions DOS'SIDIV due to structures to n .. ","""t", term or need to 

ensure Germination in culture was to 

determine if there were differences in success rate between different seasons, ""1'1,,,,,,,,::,,,, and 

IUU .... L'C'U to see if and isolated In an was 

had effect on Previous studies on a of 

that tl'>n,rvo,rl'>tl are 

the sPE~cies. For l'>Yl::tmnll'> there was little difference in nl'>ITni,nJ:ltinn rates for 

l::In,jn~:ilri~ln Z4JQSipares and limits 

these at 20 to 25"C Thereafter n<=>'Tniln::ltinn success rates decreased. 

sPE~iels of '-''''''',.I,'"" that 

nn'''IT,...,''''''r,nn and irradiance levels did not have <>innifi"'<:II'r'lt effects on n<=>'rminl'>t'inn 

success rate at 1 

of reDrod structures 

... <:>'''1''\1'\'''"'"' .. i ..... fronds were ,.",.n't'I"" .... I" sel,ec1[ea from each of the four i1'TT, .... "'nt 

1 June 1998 ~"",nt".n'\I ... <=>r 1 seawater was 

were t .. ",n",.,,,,ri',,,t'I to the I<:>h,,,, .. <.t,,,.,,, to mit,;mi",,,, 

release in transit. 

The were to occur in terete "' .. """ ..... "'1"',+'" 
an olive colour when fertile as to the .. """".t'I;",,,, brown of the rest of the 

"""r'I"'l1ru of were 

and the <:11\1"'''''''1'''''' number of t""tlf:::llc>nn,,,,,,nln;:::lI that within an area of x J,Jm on 

each branch let was counted. 

The total number of branchlets per frond was calculated 

thallus that contained fertile then the 
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occurred three rlift,c.rAlnt 30mm of the frond. The :::I\I"'·r~rl'" of these three numbers 

was then used to the total number 

To determine the number of the 

x 250 

in the entire branchlet the area of the branch let that was fertile. An 

three measurements was obtained. 

was then used to determine the total number of t"'t,F""" ........ 'F"'n,ni'" mass 

of frond was then to the number 

mass. 

The fertile areas of the t'~I·nn!:lnr\rit' fronds were not concentrated in the branchlets but were 

scattered over the 

N:>f''''AYltl:ll'IA of the 

nn",>thr\rl!:l were to an idea of frond the 

the n"'I'I!:lI1'\/ of ,..~rn('ll~nrlr('lr'h\lt,::o.~ In 

the the areas were ~r"l:Ir!:lt"',rI from infertile areas each 

were measured. In the second nn",t"'n.rl the number of l'l:>r·nn,c:rv.rn, ... I,,,,+,,,"1t that occurred within an 

l:>n'nrnvin",~,,,,,I\I 2mm X 2mm section of was counted 40X malc,milfica-tion was 

n""rfn'"nn~>rI three times per frond for each the ten 

spores relle.lI!i~ed 

n<:>lit",.on and number released was determined on rliff,,,, .. ,,,,,nt occasions (O(::toIJer 

over five consecutive and ... ""'''~''''' ...... '''',. .. 

Five fertile in 

an allowed the to be maintained "'''' .. ''i ....... t 

in a dark room at O°C. 

condition as time 

constraints the immediate .,."""-.fin,,.. of l:Inlnrn,vin'l~t""\1 

in area was cut out of each of the The exact 

area of each section was the mil:::roSC()pe ."'''', ... ,''''-' in two 

culture 

of 

in a chamber .... rll'\tl:>i'nir'n 

Diatom contamination was inhibited 

irradiance mol "' .... "tn.'''' 

were to new chambers with 

1l:>f""'-!:lI'l!:lfIAri chambers 

Each thallus section was 

1\JI",1'1<''''",nn and 

at an 

of 16:8 hours. The fertile thallus 

consecutive 

number of spores released in each chamber was counted an inverted 

mi(~ro!SCOIDe. A the mean number released fertile frond was 
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the mean number of released 

mass ........ ''' .... 1'<1, to the mean number of 

each season. 

fertile """"t-""""" 
released 

which 

mean mass 

The of season, and """"ttlin,n N'l~itinn on nt:>I"fTIi'n~inn was examined. The ",YrlPrilm""nt 

was nQll'fnrrn~.n in Qc1robE:!!r December and !'":"'I'lt""Tlh,"r 1998. 

On each oc(~asion 'I\IIU:.nn,I_TI\,It:> fertile thallus sections of l:lIn,nrn.vinn~tt:>l\I 

were 20 to 30 seoonds in 0.5% Povidone iodine in seawater and 

in 4ml of culture medium rI"'''' ... ril.....n BDIOVE;!) in """"."'''''':~t:> culture chambers. The culture 

in a room at 1 

and a 

The """" ... c::.nt<:l ..... c::. 

of 16:8 hours. The fertile thallus ~t:>rtinr'''' were removed 24 hours. 

isolatE~d ,...'n<mtl .... "., on the .... t:>',..,..,i,...""rt:>rI in 

was 

An ",rlri.t.r.,..."" "'"v,,..."'., ..... ,"'"t was no, ......... ,...,..." ..... in October 1997 to see if t"' .... , ... o, .. "'t, an on 

As 

nrl>.n~lrl>ll1 in the same 

set to 

culture dishes that were 

were 

an extra set was 

room 
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per 250 

«I 
'f» 
t:: 
l!! 
8. 
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'5 
Iii .c 
E 
:J 
Z 

re[)f(),Oulctllve structu res 

90 

80 

70 

60 

EO 

40 

30 

20 

VY.,,""", .... fertile material the The n""ln~IIV of tj:lltlrJ:I<:::nnlrJ:lnlniJ:l 

increased from n"' .... ""rnt""'r 

ranks indicated that tj:l.tlrJ:l~nnl·J:ln'MIJ:lI 

with the exc:epl:1On of June and S""lnt""ITlh,::.r 

Dec'J7 Mar9B Jun9B Sep9B 

Fig. 5.3: Number oftetrasporangia occurring within a 250llm x 250llm area ofthallus ofGrateloupiajilicina. Mean ± n 10, 

Date Mean Dec 97 Mar 98 June 98 Sep98 

Dec 97 30.5 0.034* 0.000*** 

Mar9S 45,4 0,034* 0,034* 0.003*** 

Jun 98 64.8 0.001*** 0.028* 0.496 

Sep98 0.496 

Table 5.1: Significant differences in density oftetrasporangia ofGrate[oupiajilicina. (Kruskal-Wallis ANOVA by ranks). ,. P < 0,05; 

** p 0.01; ***p 0,005, 
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The fronds nnlJIIl'>IJI'>r did not ne(~e~:;anlv more tl'>tr:::l'~nrlr:::llnnii:::l at each successive 

because when the number of fertile branchlets per was taken into account a different 

The of fertile branchlets were in 1998 

and in 1998 are in Table 5.2. 
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,!! 60 
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o b-__________ ~ ____________ ~ ____________ ~ __________ ~ 

Dec 97 Mar 98 Jun98 

Fig. 5.4: Number of fertile branchlets frond of Gratelaupia filicina in December 1997, March 1998, June 1998 and September 

1998. Mean ± SE; n = 10. 

Date Mean 

Dec 97 84,9 

Mar 98 

Jun 98 

Sep 98 

98,6 

29,5 

163.1 

Dec 97 

0.496 

0.002"*", 

0.034* 

0.003*"'* 

0.096 

0.003"*", 0.096 

0.001""'" 

Table 5.2: Signifieant differences in number of fertile branehlets per frond of Gratelaupia filicina. (KTIlskal-Wallis ANOV A by 

ranks), *p< **p<O.OJ; p<O.OOS. 

The mean number of fatr:::oc,,..,.,.r:::o,nn;!2 "' •• ,,, ....... ,""'''' per of seaweed I"!2r,ng,rI from 200 000 in June 

1998 to 1 600 000 in !':""I'"\f"",nn.::.r 1998 The seasonal n:::oti'arn is similar to that the 

number of fertile branchlets per frond. 
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Dec 97 Mar 98 Jun98 Sep98 

Fig. 5.5: Number of tetrasporangia per gram of fresh of Grateloupia filicina in December 1998, Mareh 1998, June 1998 and 

September 1998. Mean ± n= 10, 

The n.o:>l"", ... nt"." ... of the "''''''!TV\<>I'V''';''' fronds that was reDrodluctive .. ", .. ,n",,n from a mean of 42% in 

1 

in the n""',.,. ........ h~.r 

""'''.,., .... "Q size for each season. Kruskal-Wallis 

ranks re\Jrealea no <>in ... ifi"''''''It r"',.,."', ..... ,,"'''',,:, between seasons. 
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Fig. 5.6: Percentage of earposporic frond mass that was fertile in December 1998, Mareh 1998, June 1998 and September 1998, Mean 

± SE; n = 3 for Dec 97 and n = lO Mar, Jun and Sep 98, 
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The number of ... ""nn':;,nl",rnr,nViClCt 2mm x 2mm showed no dnnifi'''<>lnt differences oe1twe!en 

seasons 

16 

14 

12 

rl 
~ e 10 

8. 

i 6 

'0 
6 !l 

E 
::! 
Z 4 

2 

0 
Dec 97 Mar 98 Jun98 Sep98 

Fig. 5.7: Number ofcarposporophy1eS per 2mm 2mm section of thallus "fGratelolJTJ'ia 

10 for Mar, Jun and Sep 98. 

Mean n= 3 for 97 n 

released 

The fertile sections nA"Ar!::II11v reJlea~;ea 

continued to release "'.Kl" ....... over the ;::'UIJl:lI'CO\.tU'CI 

5.8 aeOilClS the combined data for October 

data are aVc:lllaOle 

none of the five thalli 

_tin"., n,:::on".r~llv rE~e'iSEKJ more spores than 

in the thousands on the first 

but in rli.,r>i ... ,i",hinn numbers 

June 1998 

f'<u'nn<~nnlr"'c:t in March 1998. The f'~I'nn'<:i:nrlri(' 

ygTl"'2,"""".r material. The spores were not 

bound as much I .... """Q~!'" as those of ,",;;,",r,tlu~li,;;, scuteJ/ata. 

The number of spores released per over a offNe 

each date is in total number 

not show Ctinnifi, .... ,'''nf differences with season "", ... , .. .,,1"1 from a mean of 1965 in March 1998 to 

5225 in 1998. All five of the "'''''''''''''''!I'''''''' thalli to release r'!:Irnn'~nnr""'c:t in 

March 1998. the mean number of carpospores releaSEK.1 from 3228 in 

December 1997 to 11591 in October Greatest numbers of carpospores were releaSEK.1 

in Sit1lnifil .... :::Ilnt rlitt"'r""" .... "iCt in numbers of carpospores rel19as!ed are in Table 5.3. 

<":,,,,niti,,,,,,,tlu more '''''''" .... ,' than were released in 1997::: 
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Fig. 5.8: Number of spores from 4mm2 sections of tclraspnric and carpnsporic fronds of Grateloupia ftlicina over five 

consecutive days. Data colle(,1ed on Oct 97, Dec 97, Mar 98, Jnn 98 and Sep 98 is combined. Mean 

for tclraspores of Dee 97 or carpnspores of Mar 98). 
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Fig. 5.9: Total number of spores released from 4mm2 fertile sections of tetrasporie and carposporic fronds of Grateloupia ftlicina in 

October 1997, December 1997, March 1998, JUIlC 1998 and September 1998. Mean ± n 5. (No data for tetraspores of Dee 97). 
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Date mean Cct97 Dec 

Cct97 11591 0.016* 0.005** 0.117 0.754 

Dec 97 3228 0.016* O.OOS"* 0.076 0.047" 

Mar9S 0 O.OOS"* O.OOS- O.OOS- 0.005-

Jun9S 6228 0.117 0.076 0.005"* 0.175 

Sep98 10592 0.754 0.047* ! O.OOS- 0.175 

Table 5.3: Significant differences in number of carpospores released from 4mm" fertile sections of Grateloupia ftlicina. (Kruskal-

Wallis ANOVA by ranks). * p < **p<O.OI; 

An l:lIr",\rn,,,iml:llti,.,n of the mean 

the mean number of ",non,,",,,,,,, 

of 

",,,,,r,,,,,,, released per mean fresh frond mass 

I 

Oct 97 

Dec 97 

l 
Mar9S 

Jun9S 

Sep98 

released per fertile was calculated 

~I":tir.n to &>c::Irim:;ri&> the mean number 

. , .. '" ........ . '''' ... 
5547000 27239000 

NO 12621000 

5364000 NO 

11433000 12020000 

17661000 29234000 

Table 5.4: Mean number of s pores released per fertile frond or {J. "y . filicina from Octo ber 1997 September 1998. 

~""r ...... il"""tinn of spores of C:ir,3te,rOU,Pla contents were 

l.<al"';:'\,III::. The extruded contents formed either a ""'" ........ ".. crust or a 

was observed as the 

an 

tube-like extension latter structure l:Inr'\&>:::Ir&>rI to form a 

was achieved. caroo!:;oores settled in 

scattered po!:;ltlc)ns The tetras[)()re~s are rehea~>ed 

did not in as dense as 

in the area of the ('h~~ml""'r 1"I1f'l:>f'T1\1 

crust once contact 

as well as in 

there were 

numerous tetra!)[)c)res. in nn"/<l!I,(,,;::o1 contact with each other. were 

cat:eglOrl2:ed as inthe 
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Fig. S.lO: Germinating carposporelings (diploid phase) of Grateloupiajilicina. Tetrasporelings 
are of similar appearance but originating from spores of slightly lower mean diameter. 

The time of year in which the parent material was collected and whether the spores settled in a 

clumped or isolated position caused significant differences in germination rate for both phases 

(Fig. 5.11; Table 5.5). Germination success rates were highest for both tetraspores and 

carpospores in October 1997 and decreased with each subsequent collection. There are no data 

for tetraspores in December 1997 and the fertile carposporic thalli failed to release spores in 

March 1998. The clumped tetraspores had similar germination success rates in October 1997 

and March 1998 that differed Significantly from those of June and September 1998. The isolated 

tetraspores had significantly different germination success rates in each month with the exception 

of June and September 1998. The clumped carpospores had significantly different germination 

rates on each date. Germination rates of isolated carpospores in October 1997 differed from 

those of June and September 1998, whereas those of December 1997 differed only from 

September 1998. 

Comparisons between clumped tetraspores and clumped carpospores on each sampling date 

revealed no significant differences in germination success rate between the two phases. No 

significant differences occurred either between isolated tetraspores and carpospores on each 

date. However, a comparison between clumped and isolated spores revealed significant 

differences for both phases and on each sampling date (p < 0.0001 for all comparisons except 

between clumped and isolated tetraspores on Oct 97 where p = 0.001). 
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Fig. 5.11: Germination success rate of carp os pores and tetraspores of Grateloupiajilicina in October 1997, December 1997, March 

1998, June 1998 and September 1998. Values were obtained for spores that settled in clumped and isolated positions. No data 

available for tetraspores in Dec 1997 and carposporic sections did not release carpospores in Mar 98. Mean ± SE; 

Tetra.pores 

Oct 97 Mar 98 Jun98 Sep98 Oct 97 Sep98 

Oct 97 0.074 0.000*** 0.000*** 0.007** 0.000*** 0.000-

Cec97 NO NO NO NO 0.007** 0.001*** 0.000-

Mar 98 0.074 0.006** 0.002- NO NO NO NO 
Jun 98 0.000- 0.006- 0.222 0.000- 0.001*** 0.000'-

Sep98 0.000*** 0.002*** 0.222 0.000- 0.000*** O.OOO**" 

Tetra.pores 

Oct 97 Mar 98 Jun Sep98 Oct 97 Dec 98 Jun98 Sep98 

Oct 97 0.003- 0.000 .... • 0.000- 0.000- 0.000*** 

Dec 97 NO NO NO NO 0.163 0.135 0.020* 

NO NO 
0.217 

0.217 

Table 5.5: Significant differences in germination success rates oftetraspores and carpospores of Grateloupiajilicina as indicated by 

Kruskal-Wallis ANOVA by ranks. * p < 0.05; P 0.01; ***p 0.005. ND no data available. 
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Gennination at two different indicated that the success rate was arE!atE~r at 15"C 

than at for The ,.,al ....... i, .. ,,:.tinn 

rate 

was that of the 

also showed Qinnitiit'~lnt niiffll'lI·lI'In,~lI'IC::: between two tarnn.:::.r,;:,h ::::: 

as 

and 

and p 

:::: 
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II carpospores 
al2O"C 

Fig. 5.12: Germination success rate of spores of Grateloupiajilicina at !SOC and 20ne in clumped and isolated positions. Parent 

collected in October 1997. Mean ± SE; n = 25. 

can be collected from natural POIDUI.ati()ns in season for from 

occur the 

f.ot .. ",,,,,",,,,,,,,,,,,,ni,,,, on the 

totlc"'cnrUF",nnl'" per gram of fresh mass. The """"nnl>,,v,,·j,.,. 

did not exhibit any _l~<::rlnl'llihl in either the nlI'Il"(,Antl'<,nll'l of the thallus that was fertile or the 

rlo.,,,,.l,,, of I"..::ltlmt'lo<::nnrrlnhlvt,:.c;: 

Other factors structures to be I'OY':1min""ri to a 

re[)rOlClu(:;tI\l'e structures and 

spore release 

Neushul 

"''''''',I'\I'\,nrl" ... n to different environmental or ph1(si()ICI!gical cues and 

which showed some _~~<U'1.n~lit\l in 

the """.,,«: .. \1 and number of t...t,..".""nnlr"'l"llni"" exhibited little _':1"", .... ""li+" in numbers of spores 

n:mBa~;e1J per area. fronds on the other which showed no "'0<.",,..,,,.,;::11 
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in more ",nn,r",,,, in studies mention 

<>o<><>n ... ",1 """"",',nn in spore release. Rh:::lttl~"h 

released in autumn for of Chondrus >"'rI'::;"'"",, 

"""'" ....... were 

I"nl·,.~I~h:.n with the number 

fertile structures 

l:lBUOIIUm robustum at Abbott to be released in winter but this did not 

.... n'Fr"".~ ... I".nl't to soral 

It 

Norton 

noted that intertidal SPE~IElS time 

is n;::o'1Tl""na,"ltI" i ...... ,.n~"c:AI1 

as it tends to occur in n;::or1Tll:l,n~lnt 

fronds removed at the time the 

rliC!.~h"'rno was alwavs measured from 

iUs Inl"I"I1:::Iln whether rii<>,~h"'rn"" is related to 

tidal movements. 

",,,,,,hn,,I'I, were all to spore 

and Gefld/()DSIS v.r:ml,lhil,fS the low 

intertidal of ,,.,..,n,,,::>1 waters in India 1 

spore occurred when ......... ~"" ... "ot1 for all three sPE!Ci€;s. A combination of low irr.:3ni<:lInr·"" and 

also 

to be related to that encountered in the environment. Minimal spore release occurred at to 

1 at and around 25 to 

also 

were reliea~;eCl at 1 than at 

aplJeareCl to 12°C but release was r:ornnIAtp.!lv 

occur at sea water most I"nlYI .... lnniv in False 

In this the ... ",fit"" ...... of was determined section 

thallus rather than structure as the t~tlr"'Q,nn'r",n,f1i", not occur in 

structures. It was localized and the 1"""·nn'Qn,,u·n, .. h\,rt~Q were too small to isolate 

a a 
nh,:oa.:'Q released spores numbered in the 

sections. More caroo!;oores were which bea 

to tl"t,r:QQnnlrnnhult<:> dominance. If frond is taken into account the number of released 

per frond that more carpospores than are released. ...,"" .... ;""""'... in 

,",Y'''''''''''' more (':QrT\n<~nn,,.~<:< than a number of SDE~CIE~S within 

Pacheco-Ruiz et a/. These SPE~IE!s "", .. ""uo .. 

in contrast to tended to be dominated the n"".~""II ........ I'\H1'o 
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year round of fertile material spores in their 

to ,..o' ........ i"<>i~'" rate 

from which the 

the ",n"i .. nnrn",nt 

collected in tiiH\"" .. "",nt 

seasons nI~ma'/en tiifl:"'n"nf'~ l"Io,rrnin<:>i'inn rates when 

A similar occurred for \JC:IIUll~1 and 

success rate 

~nnr",a of Gn3te,/ouoia 

to ~"'nt""rnt"", .. 

1998. Thelowern""'mni'n~tinn SOI"ltopnru" .. 1998 were as this tended to be the 

of h;n,h",<:>t otherwise. As in in the 

there is no UU'"UL''' a,,,,,, .. ,,,nno' n<:oft""rn may have been SU[)lectea to some 

mpreCjlct,aDlle environmental 

at which the were ,...""r ....... "<:>'tOl'f '''''h ..... ~.tnl''' also an on 

no,nnin"".';,... .... success rate. SDorelS that were had a lower rate than 

the lethal limits for this SDE~CIE~S as those at 1 

is ",n"'r<:u'\I not the lethal limit is 

I nvestig~ltion of 

that death 

in warm tl!>l'!nN.r~i~I!> and is also recorded across the trnp"f':::' 

and et a/. The 

I.Un,r:::.n sPE~ie!s thus !:In''''''!:II'''' to be adc!ptem to cooler water. More extensive taxonomical 

studies to tial''''' ....... ; \Am,,,,th,,,.. this SPE~iE!s is the same as those 

The factor that had an effect on nAITniln~tinn rates was the in which the spores 

occurred in 1:SUllclltlU posi1tiorls The spores had 

success rates. HnWl!>lu··r both the and isolated 

had .... n''''' .... <> .. <:,/''I to other SPE~CIE~S in which this 

,~"'"""lth<.li"" .;)vLI(C:Il'ClLa whose spores exhibited f"nr'<:ti<~tAr,tlv 

... "' .......... ,"'_.".... success rate the 

from 44 to and isolated spores from 19 to 70%. 

nl!>'Tnlln:::otinn rates for other SDE~iE!s can be found in the discussion of rh,::tnt,,,,,. 

There was no difference in success rate between and ,..~r'nn.~nn .. ",a 

as the ,..<>r'l"\n"I"\I"i,,,o,,, were released in whereas the were released 

from tiia''''''I''.",,,,ti 'o"r<>"'l"\I"ilr"""' .... '''' the latter would have more spores in isolated so 

there is a between the This factor to 

72 



Univ
ers

ity
 of

 C
ap

e T
ow

n

r""'''fV\'~nrlr''''c: of Gelidium Dri~,toi(1es 

a more 

of the ",,,,,,nn<,,,,,,,,,"oC: was 29.7 ± 8.48 % and was c:innifi.",,,,,,,tlu nrc.""t~.r 

which rates of 10.9 ± 3.5 %, Carter suglgesotea that a 

that reaches levels under the more .... rn1<AIrl.::'n .... ''\nn'ifinrl<;l 

It is OOSSIDlle that contact in some A 

and thus received no nn\,'<;l ..... :::>1 contact at all would be int.:o,,.,,,,c:'tinn 

In between two ",h"""'o<> that have 

allowed the f",f,'",c""""rii" to become dominant. More "''''''' .... ''',:'''1''1, .. '''<> than were 

released per fertile area, 

and more r~rlV'l<:::nnr""'" than tetras[lOrE~S sE~ttleKl in 

nr,;:"Mi .... :::.1 InllJlIGClllOn of for mariculture is that 

collecEea in season, the best time to 

"""' • ..t .... 'I"'IN" .. 1998 was less than 

could be cou,ect~:Kj at 

success rates than isolated 

fertile fronds 

,;,nr\",,;,,r<;l to be in 

be 

",t1'.:>l'tl\,'''' A 

it can concluded that no release 

occurs at this time In the should be nor'rnir,,,,+ •• rI at 15 rather than 
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The in which this was conducted within the cool t,:onnN'rl:ll',:o marine 

Bolton and Anderson The minimum and rn~.vi.,nl 

were 11 respec:::tlv'ely with an annual mean of 12 

to 1 i'oMnn~'r<:>lro I"""nj,.,"", are defined as areas that a mean 

rnnnthiv telm[>en:ttUl"e in warmer months n,.",.:::It,:.,. than 1 DOC and in the cooler months less than 

Warm are as mean Mnnni'hl" 'I:",,", .. ,,,, .. ~!!I'I 

the warmer months and less than in the colder months. The tg>n'ln~,r:::ltl 

is thus intermediate between these two definitions to apl:>ell;aticln of cool 

:sa,rcOifnl!lIIa SCllra,flala. a southern ,!u ... ,,...,,,, ... endemic , ... 't,,,,,,.,,n,.,,,,,, at a/. 1 occurs within 

the cool tPl"nN~r.::I1t'" 

the western 

Namibia and also occurs within 

that stretches This 

marine west coast and the warm 

marine on the south coast and Anderson The latter is 

characterized a mean annual of 15 to 16"C and a 13 to 2DOC 

GfI:'lte.fouOja filicina also occurs the west coast and westem "",,,n,,,,n 

this SJ)E'!CiElS also extends into the warm 'tornn<:.re:rlro as as the Kowie area at 

a/. near Port 

rn,",nth!" mean 

North Carolina to Brazil 

It has also been 1"10"' ...... "."../"'1 

its ocean 

an annual mean of 17.2 to and a minimum 

mean 21 It is a 

in most warmer seas southem the 

nml-t'aCITIC. Western Tasmania and the Americas from 

the Cali bbean 

which included 
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Lanka the South African SPE~CIE!S has an eastern 

limit at the Kowie area (!':t,.".,.,~~nl1l:::1 to into "'I"Iln,,,,,,1 waters of 

South east coast that the trorJlical differ. The nature 

of ocean currents the coast sU~lgests t~nnn4"r.:::I1·~ the 

as the of west coast sPE!CiE!S 

here are 7 or 

for 

for trn,nil"!::I1 

Thus further taxonomic revision is 

ArI":::'T"r- sea at Trieste in Minimum seawater 

22°C 

between 1 0 to 

between 15 to 

This was conducted on the west as SPE,CiE!S were more abundant in intertidal 

rock on to the False the 

seutel/ata was more abundant in mid- to low-intertidal rock was 

more abundant in rlll1:n_,nT"',I'T't'I:::' there was some in 

distribution. TOlmn,,,,,,,.h 

coast were nnl'1.nit,nl"<:orl 

distribution for (jfl3telrou,p/a 

at tiiff,,,,...,.,nt ir.to,"titi:::.1 levels on the west 

The latter 

at 1.0m above LWS 

was related to 

at 2.2m 

::::Ia/Wlnalla SI:;UlEmal'awas recorded at about the LWS level at which 

maximum to"'U.,o,,.<:>t. were around 14 to 

An idea of the in the natural environment can be obtained from a 

Anderson and Bolton irradiance at in summer was 2300 J..I mol 

and the maximum irradiance on a was 1400 to 1600 J..I mol nhr't .... r'''' 

as "sun 

Emlleclowand 

acclimated to the lower 

intertidal are to to be adclptE!d 

saturation levels for nrnlAlI'n 

for various intertidal red 

veclet.::llive thalli 

Zinoun et a/. 1 nrnelTn::'. irradiance for the 

that 

of of int."rti,rI:::.1 SJ)E!CIE!S occurred at 

to be 

saturation for 

low irradiances that .. ",,,,1"101'1 from 50 to 

75 J..I mol 

laminarioides 

::::IafWlnaJ,la seutel/ata and 

for Mazzaella laminarioides 

of 1 
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The aims of this were to determine conditions 

terms 

How well the "" ..... 1" ...... ,"'1 

determined. Ecc)loglical 

in culture in 

the SDElCles. 

"'Al'v"·,,,nh' ... distribution could 

nrn ....... n response between the 

two SPE:lCIE!S and between nh!, .. ,,,,,,,, within SDElCIElS were 

Three fertile fronds of each of each SPE:lCIE!S were collected from nli'f.<> ... ,t",,",,.,,,, 34° 16' 

on the west coast The ..... h!' .. """" 

in the dark at O"C. Fertile sections were cut out To 

sections were with paper and rinsed in decrease j:>nllnnVYI'><:t 

iodine in seawater for 2 minutes. The sections were also water 

1 minuleto sections were seawater. 

The sections were in cf\l'stsillizlnq dishes 175ml of one-

Provasoli Enriched Seawater 

was added to the media to inhibit diatom The concentration was based on 

that r~nrnrn""nrl~>rI 

15"C at a 

the diameters of 30 

The t""n'ln.:l,r",fI 

range 

narrower 

to die at 

Markham and I-I"" ... rn.,,'''''' one from each 

in each dish. The dishes were at 

'nt"' ...... ""'t" of were then 

were measured. 

was first ~,"fnrrn",.rI on Gn:lte,(oupia in water baths at a wide 

18"C and 24"C. SaJ"coifhaJ'ia SI:;Uffmal"a was then at a 

18"C and 21"C. noted 

was not 'VlLlue'u. Three crvstallliZlino dishes were at 

• ..,1"Io,.,e,it" of 80 IJ mol ",h"tn,"" 

Water were in the five hinh_i'!"lto,rtirlQI rock 

and the five mid- to 1""4 ..... ' ... 1'ort"/'I<:>1 

measurements were taken on seven occasions between 1997 and S""I-.t""lnh<:>r 1998 

the of tide. 
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The was 'uu' ..... "" .... in set to 

at irradiances: 10, 120 200 IJ mol 

each 

The Av,-u:>nml'l.nt..: were conducted at a 

medium was I"'h,' .. • .. r.t:>rt '''''',Olellu 

diameters of ten crusts 

16:8 hours and over a 

nn(~itirln of the dishes rnt,,,,,t,,,,rt 

at 

three 

The 

As certain of the thalli did not 

release sufficient dish were 

measured size of 30 diameters per level. As the crusts 

the end the further measurement was not 

Both SDE:!CiE!S pI)sses!;ed spores of a that were inrliicdinnllictt'l~hll"" between 

the of Gnlte/()Upla had a mean diameter The 

smaller with a mean diameter 14 ± 2.9 The mean 1",::II'nnctl'lt'u''''' 

diameter of scutellata was 16 1.4 IJm, a similar size to the tt:>tlr~ctnnlr""<;1 had a 

mean diameter of 15 ± 0.4 JJm. 

At 6°C there was a increase in size the crust of Gf<:ueJ'ouma 

I"'nrnn", .. t:>rt to that of the spores but very little 6.1). The 

had a appearance at this little Mean crust 

diameter after 21 was 24 ± 3.8 for the 

The with smaller had 

achieved ctinnitli,..~r\tl\l arElatE~r crust diameters than the 

Sirlnit]!":::..'!tl,, nr".~t">r nlrrnAlirn occurred at 12°C than at 6°C both the and the 

< crust diameter was 68 ± 24.0 IJm mean h~I ... lni!/"1 

crust diameter was 74 ± 30.4 IJm after 21 At this there was no 

diflfen,mc:e in crust the two nh,,.,,,,,,.,,, 

Greatest occurred at 18"C and was ctinnifit""""tlv nr".",,,::.rthan that at 12°C for both nh,,,cu:::,,,, 

< Mean crust diameter was 156 IJm and mean "'<>' ... I ..... iirl crust diameter 
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was 

crusts 

104.1 I-Im after 21 The """ ... 1 ..... "11 crusts were "'i .... nifil''''''tl'' than the 

survived for 

the end of the fi rst 

this tl"rnn,~,.~,tl 

280 

240 

200 

E 
2: 
!i 160 
III 
E 
<II a 120 
u; 
2 
0 

60 

40 

0 

a week at 24"C. Greater numbers of 

neither 

crusts were 

....... day21 (211) 

"0- day 21 (ol 

..... day14(2n) 

•• [J- day 14 (0) 

-+- day 7 (211) 

viable 

at 

6 12 18 24 ··6· day 7 (n) 

Temperature ("C) 

Fig. 6.1: Crust diameters (Ilm) of spore lings of GrateloupiaJilicina after growth for 7, 14 and 21 days at four different temperatures, 
20 diploid crusts; n = haploid crusts. Mean ± SE; n 90. 

",,,, ... ralln .... ,,, of ~o''YVIfholi!:l scutellata exhibited slow at 12"C Mean diameter 

21 crusts was 60 35.5 and for "!:I ... I ..... "11 crusts was 57 30.7 There was 

no l'iitl'I"I"~"nr'I" in size between the two nh~::I"''''''' at this t<:>rnn.c.I"j;l,tI 

was much enhanced at the three to at 

at 15"C for IJIUIUIU crusts reached 

mean l'ii::::llml"l-I"rc:t of 225 65.1 IJm and hgnlnil'i crusts 212 ± IJm. The two nh::::l"''''''' did not 

in at :::: 

Growth did not show as much of an increase at the levels I"nlmnJ::lI""'" to that between 12"C 

I-Inl,AI"".u.3" the crust diameters were still and 15"C. 

0.0001 for the and p :::: 0.001 the ""'n.ln .... ", 

was 271 ± 60.8 IJm and mean h::::ln.lnil'i crust diameter was 244 ± 60.5 

than the crusts:::: 

than at 15"C <: 

crust diameter 

crusts were 
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The \A'IoI''''''''. but not the had 

= 

253± 

at 

E 
a 
~ 

.!! 
<I) 

E 
OJ 
Ci 
1ii 
2 
U 

360 

320 

200 

240 

200 

160 

120 

80 

40 

0 

I.JII.I'VIII.I crusts had a mean diameter 

r1i~, ....... ",i'''>''''' were 

12 15 18 

Temperature ee} 

Fig. 6.2: Crust diameters (Jim) of sporelings of Sarcothalia scutellata after growth 

2n = diploid; n haploid. Mean ± SE; n 90. 

and p 

IJm ± 70.2 ""<::1."1,.,,,1"1 crusts 

than the hl:l''II ..... iirl crust diameters 

-e- day 21 (20) 

'.0- day 21 en} 

..... day14(20) 

"0- day 14 (n) 

........ day7(20) 

21 '·6· day 7 (n) 

14 and 21 at different temperatnres. 

in the rock when measured the low tides are 

indicatl:KI in Table 6.1. 

October 97 

December 97 

March 98 

June 98 

September 98 

14 ± 1.1 

14 ±O.4 

21 0.3 

18 1.3 

15±0.2 

16± 1.2 

Sarcoihalia 

$Cute/lata 

12 ±O.O 

14 ± 0.4 

16 ±O.6 

17 0.7 

15 0.4 

15±0.6 

14±O.0 

Table 6.1: Mean water temperatnre eC) of seawater in rock pools in which two species occurred during the spring low n=5. 

from 12"C 

intertidal rock 

in rock in which 

these measurements were taken 

occurred r<>r",,,:orI 

low tides. In the mid- to low-

12"C 

when seaweed was 

to 1 

collected 
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about 

rock 

second do not reflect the full range of that occurred in the 

responses 

Growth of e::rv"\r,pllinr,e:: of Gf<3tei'ouloia filicina at six intensities showed that crust diameters 

were far smaller at 1 0 IJ mol n,"",tn.", than at the other intensities tested 

Saturation <>nl",O,,,,.O,ri to occur around 30 IJ mol nh"tn.,,,, 

crusts attained mean diameters 168 ± 58.6 and 198 ± 48.7 IJm reslpectlve!ly the 

ntane::I'tu of 200 IJ mol 

at this irradiance than at all lower 

crust diameters for both nl""",e::", .. " occurred at the 

. Mean crust diameter was e::innifi,..",."\tl" 

irradiances for the crusts whereas it was "' ..... ,nlT ..... ""nT." than at all lower irradiances 

The mean diameter of 

crusts and 241± 81.1 !-1m 

for 60 IJ mol nn,,,,,,,,:, for the h~I"'Ilnllrl 

the crusts after 21 at this irradiance was 283 ± 91.8 !-1m for 

for ",,,,,,,In;,1'1 diameters than the crusts at 

30 IJ mol nh,\tn"", and 90 IJ mol nh"tn,,,, = 

320 

280 

240 

E 200 
2; 
~ 

!l 
f!) 

160 E ro 
i5 
1ii 120 ::l 

U 
.... day21(2n) 

60 "0- day 21 (n) 

-til- day 14 (2n) 
40 

day 14(n) '-0-

-IIi- day 7 (2n) 
0 

10 30 60 90 120 200 '-IiIt- day7(n) 

Irradiance (/1 mol photons m" S·l) 

Fig. 6.3: Crust diameters (/lm) of spore lings of Grate!oupiafilicina after growth for 7, 14 and 21 days at six light intensities. 2n ~ 
diploid; n = haploid. Mean ± SE; n = 30. 

Sarcothalia scutellata showed a similar response with at 1 0 \.I mol nh"tn."" 

much reduced to that at the five intensities Saturation occurred 

around 30 to 60 IJ mol nh"tn.", but ",.nn.h""",tI" mean diameters were 

at the hlnho."t "to"",j·t" of 200 IJ mol n.h"tn."" 6.2 Mean crust diameter at 
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30 

crusts. 

E 
2: 
Oi 
1) 
E 
OJ 
15 ., 
2 
(.) 

was 161 ± 

diameter at 200 ~ mol nn/1Tnrl<:: 

for crusts and 167 ± 

± 45.4 ~m and 259 ± 

for h~I .... lni;rI 

.5 for 

< 

280 

240 

200 

160 

120 

80 

40 

0 

crusts 

}. 

10 30 

nifi,,~ .... t differences in crust diameter between the 

at 1 0 ~ mol nhl'\tnrlQ 

irradiance (1-1 mol photons 

and 60 ~ mol 

-+- day 21(2n} 

'-0- day21 (n) 

-Ir- day 7 (2n} 

',6- day 7 (n) 

Fig. 6.4: Crust diameters (/tm) of sporelings of Sarcathalia scutellata after growth for 7 and 21 days six light intensities. 2n 

diploid; n = haploid, Mean ± SE; n 30. 

Haploid 

200 10 

10 *** *** *** *** *** *** *** *** *** *** 

30 0.000 ns *** *** 0.000 *** " 
60 0.000 0.959 "** ,. *** 0.000 0.830 *** *** ns 

90 0.000 0.000 O.OO:~ ns *** 0.000 0.000 0.001 ns *** 

120 0.000 0.002 0.020 0.300 *** 0.000 0.000 0.000 0.245 *** 

200 0.000 0.000 0.000 0.000 0.000 0.000 0.043 0.053 0.000 0.000 

Sareothalia sClltellata 

Diploid Haploid 

10 90 120 200 10 30 60 90 120 200 
.. ---... ---.. ---

10 *** *** *** *** *** *** *** *** *** .. ** 
30 0.000 *** *** *** *** 0.000 ns *** *** *** 

60 0.000 0.000 ns ns .. 0.000 0623 *** *** *** 
90 0.000 0.000 0.695 ns .. 0.000 0.000 0.000 .. 
120 0.000 0.000 0.853 0.983 ,. 0.000 0.001 0.000 0.845 ns 

200 0.027 0.033 0.000 0.000 0.021 0.174 

Table 6.2: Significant differences in crust diameter at different light intensities for Gratelaupiafilicina (A) and Sarcothalia scutellata 

(8). (Kruskal-Wallis ANOVA by ranks). ns not significant; .. P < 0.05; * .. p 0.005; *** P O.OOL 
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in the wanner intertidal rock 

"'<>'''"''''0... it did not exhibit 

and a 

distribution that into the wanner 

than scutellata. The nn1tim:::.1 t".mr\""r~rtl c:nnlrpc: for these two SPE~CIE~S 

was around 18"C 21 tested for 

neither SPE!CIEIS could tolerate. 

The spore diameters po~;sesSEKI the ,.."" ............ ,,""", .. ""'" of (;ifi:lle,fOU,p/a filicina did not confer a 

r.oll1Detitilve !:Im,,,,,,,f,,,, .... ,,,,, over the "'rn""I1~ ... fe .... ",.", ... ,",,,,,,,,, to the 

dominance that occurs in the environment. The '"',,,,,,,In,,1''1 

succumbed more 

crust diameter for 

as can be seen the 

end the first week. 

mean 

It is po~;sible that the ,",,,,, .... lr .. ,1"'1 is ca~)8bile of faster I"Irn'IAlI'I'\ if stressful conditions are not 

encountered. Thus in nnlt' .... 'ol ,..,n"I',"""'" 

ten1pe!rature recorded in the ,",'I"II'\_II'I1'l:>II"fII"'I""1 

rock 

which occurred in three of the 

are encountered on 

The maximum ,,,,,", ........ ,,,,1'. recorded in March at 1.0m above 

which was the "glrTll',"" 

Griffiths The ~rln11,il" SlJbjE!CiI()n to t""nl~~tl 

to 

:::.nl"\rnl:ll"hinn 24"C in the 

and 

rock 

this in nlnn_II"IT""I'I'lnl::n 

rock and PO~ISlbly died at 

in ", .. ,.,,",,,",,",1,, due to the fom1er ""vl"", ... ,,,n,"" nol"'nri,..-•• Ih, at low 

whereas the !m(lrel!InClls 

also ""Yf'w::rn,,,,,nr,,,, 

The species be disIPla(:ed 

and 1 

rock 

in SBfrmtha/"a SICUlem.ua. 

which are the 1'Q"-."'O, .. ",tl 

of the west coast. The 

ble<:ted to the The species 

as increased in rock 

stressed conditions of the lower rock 

not than the 

at the lower t",,"'l~,r.:::iIh 

I"rllnlTlnnlv encountered in the mid- to 

had at 

of 12 
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1 and 21"C. The h ..... ih",,,M ,.::,", ... <:>,.".1'1 ,.<>,..'nrrt<>n in the mid- to Inwr_inl'""rtili~1 

rock 

and 

in 

1997 when most of the 

of 18°C. The vertical limit recorded 

was in the of the which did not 

much above HO'W81Jer, in this the latter SPElCiE!S did occur 

of 1.ylrU;UT'ln~ nD/'VCaroa 

one 

maximum 

LWS 

spE~IEtS in with a maximum of OAm above 

maximum ygn,"""r:;:n. of 20"C. These lower 

sutljec:ted to a 

OVy\On,<>nr'.o as much of a 

as are seldom isolated the ocean 

The was noted to occur in 

to note the dominance there. Difficulties as casual 

", .... "",,,,,,,,y.nn indicated that were less hinder 

The idea the more resistant is not borne out 

(~:::Ilm",tnr\h\lt",<:! showed desiccation tnl~'n::Il'f'O at 

and molluscan showed a nr""f""r,;:>nr"", for the tetlraslporloptlytEtS 

of 

and Santelices 

responses indicated that the two SPE~iEtS InIVelstlglatE!O in are 

a but with 

such as those found on coast 

at warmer 

alSOlalV ,..'h:::llI·:::II,..'t",ri,<:!til~~ of 

warm t~nN>r:::lllr'" SI:>ecies. south coast is the 

It is maximum mn,nthl\l with an annual mean 17.2 to 18.2 

it is IJV;:.:::>IUIIC 

S~",rlth$~I1~ "''''"'''''''''''.'''' does not extend to the East 

c::rv.,r.olin/'~ have wider tolerances than adults do. 

",,,,,,...,,.liI .... , • ., than the SPE~ie!S distribution been rioc""ril-.ori for 

J. J.l.n::::Irnln Anrl"'r<U'\n and 

nnTlI,,""'" for 

The two sPE~ie!S irlVelstigtateo in this were noted to be abundant in on the west coast 

occurrence on the D.o,nin,,,,, This could be due to 

increased COlllpeti1:ion with other SPE~IE!S on the warmer coast or the n.orinrlif' occurrence of lethal 

intertidal zone. The 

ovr_ri""n,-.:>rt in the 

narrower than v8l:)et:atN'e 

decreased at 

zone 

It was noted 

in the case the lower rock 

limit which often has a 

the nOITl"liln:::lltinn of spores of Grclte/l)UplB 
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SPE~IE!S also 

vittata has a similar distribution to that of ",on"'I"1,th<,Il!!l SCLlte/J!ata and 

",1"1" .. ,,::>1'1 a at 15 to Bolton 

r~rded further north in Namibia at MOW'e to as far east as 

was I'nITln,;or~"; to 

The intertidal SPE:!CiE*> r::'ir .. ,rlin! .. ", ... IIN"""r",,,,, is abundant at Luderitz in 

this SDE:!CiE$ 

coast as far as Port Alfred et 

The latter 

These two 

SPE~jE!S have been considered as warm tlOll1nn~.r!:ljt~ slooc:ies 

from False which had nntin"l21 sP<llreli!nas at 

tennPE~raI:e slooc:ies does not occur on west coast proper 

but is distributed from Smitswinkel to the Kowie area. of these sPE!cles, 

them the cooler west 

coast scutellata occurred at and 

f" .... n"''''' .. SPE~E$ .,.,,,....., • .,....,.,.:1 h.",,,,I1tl"l,, at occurred. 

Saf"Cotha/ia stiriata 

coast but 

sensitive to 

Leister has a similar 

as on 

at 20"C and nntirnl:d 

the west 

SPE~CiE~S was more 

at 

SDE~IE$ was considered more of a cool t_nne'r::1l1tR SlleCies. 

scute/lata has a similar distribution to stiriata but t~,~,~tl 

the were those a warm 

If all fl¥'l'nr<:: are innnr~"; of Sarcothalia scute/lata would be 

eX~)ec;ted to rinrnin".r"" as no in rate occurred 

at 12 to 15"C. C::.::ltm~tnn,t1\I1'R dominance must therefore result from some other factor, Gte/sHina 

difference in 

int,:>rti,r1!:1l1 rock 

were also found to be no 

rate between the two was In the 

that contained Grclte/l'Jupia 

recorded nu,,-,u,,:u and Griffiths 

not exceed 

Indicated that these rock 

as as 28"C. P~rlnrii/"' SIJDIEICtIC)n to low 

tides may have been irn, ..... "'<:oni' in the initial establishment of the SPE!CiE*> from spores if the 

!:Inr"""!:I,r~ to h!:lr'l~,n 

no"'nl"l,," stressful rR"1""",r".r, 

Pmi;tQ/(1eS from Port in 

or some other factor such as 

Eastern which was also rin,nin,,,.r,,.,; the 

as 

be due to 
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showed no 

occurs in the mid- to 

in 

between the two nh!:U:lt:liC: 

and Ant1""r<::nn 

1 this sPE'!CiE~S 

rather than 

saturation for both and nhl~='C: occurs around 30 to 60 11 mol nhr,tnr,c: . The 

",vr"",",rn"",.,t was conducted at of 1 

(;irt:ue/«')U/J/a filicina showed a 

the t'\.nit'\o,:>t 

known. 

200 1..1 mol nhr\tnr,c: 

at around 30 to 1..1 mol nhr\fnr,., 

seaweeds 

in 

a SDE~CIE~S that is 0".,,1"1\11'11" in 

. The reason for 

is to 

of 

at 

is not 

red 

coast be to show lower saturation levels than the intertidal SDE'!CIE~ but it too 

c:hr\\IIII:.t1 saturation around 11 and Bolton of 

saturation at 50 to 75 11 mol nh(,tnrlc:t 

1..1 mol nh(\tnrlC: 

diameters under nn1~irn!:>1 

of another Chilean intertidal spe~cies, 

The irradiance at which 

thalli. For ""Y~ln\r\,I"" 

Iridaea 

"''''1''''"'''"'''' Gtacllenra verrucose 

mol 

sublittoral 

En(lleclow and 

saturated at 

po~lulatior\s at 400 IJ mol nh"trw"" 

the dense occurs in the seaweed 

tended to grow than the 

1..1 .) 

that mature 

saturated at 80 11 

and mature thalli is nrnli'\ghlu due to 
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In IT:::I/;I:::II"Il"P at of Grflte/c)lJlJlR 

:::>BI"COlnBI./a scutellata should be cultured is at and above 30 to 60 IJ mol nhr,tnr,C! 

to determine the SDE;:CIE~ will fare at l'T:!:lI.rii"",,, ... ,,,,,,, 

200 iJ mol nhr\tnrl~ tin.nin:::onf''''' of may be 

nor'inrli ... occurrence of tl"!nnnF~r::n'llr"~~ in the 

which Sa/"COI'ha/la "",U«,,":;ll,a occurred would not cause rate between 

the 

in 

two 

nl'\,,,.,,,,,,., so this factor would not contribute to h"",\I,,'\I,t'I dominance. The SPE:K:IE~ tended to be most 

in areas that were than the of thus 
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content 

Of the two SDE~IE!S il1lvelstiQlate:d in Sarcotha/ia SCLlfe/j'ara "' .... ""'''',..., to have nnltontl<:ol 

use in the t",t,"<:o", ... nlrnnhut,<:>c> was 

14 to 24% of the mass whereas the lC-carrageenan formed 33 to mass. 

The T .......... "'''' .... 30 to in exploitE~d sllecles. 

on the west coast of South Africa does not have nni,<:>ntil:llt 

for use in 

research is "'1..11 • .1111::;'\.1 however to lioi'o""", 

be useful in the food 

economic \11<> .... 1111", 

.n...r.g.,."n market 

As 

of the world po~>se:sse;(j <:>'vnl.'\it""hl<:> 

l':::Irr.:ln'_I"I:::In .::ru.rt"'rnmi .... research be to whether these are in the same 

soe~le's. The that occurs in does not extend to the east coast as the 

SPE~IE~S has tolerances below that of the et (1 

includes 

indicates the of ""VI·<:OT"".' .... "" of more one sPE~ies. 

The i'l1t1t",n:>nr""" in abundance of jc: ..... ,mnrnhi .... nlh!:'ll<:U:>C: is a 

pos;se~)s tii,ff",.·"",t "":::Ilr.:Irl",o'n:::lr~q this has ......... I"nn"l''''r .... i 

that are used in the t'l:Irrl:lt"l'.,.o.,:!:'!n 

for 

It is more common to be r1,.., ..... i.,,"' ... + as is the case 

which a 

dominance as the 

Hannach and Santelices 

Scrosati at a/. Westermeier and 

SCIJlf;l,'Ii:;U,CI. a member the Gi!~artim:lce~ae, conformed to this ... "'trt"" ..... 

further 

different 

';jn:~rtin'::"~<:>"',,,, are a 

often dominates 

and Floc'h 
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Dominance of one may be "",.",,,,,!tl't" .,.nulrn,.,m,,,,nt,;:,1 conditions in SPE!CIE!S 

with h",lr",rt'\m,nrn,hit" l:IOlt~"rn:::It!r,n forms of 

and <Jr.,.....,,.,,, .. ,,, are adc'lptEld to different environments and Harrison 1 

that have histories use nh,"'\t't"'\,no,'Inn to the alternate 

that is better for the next season the 

1\1I"'a'1It."',..,..:"'n~'l:>n Sea has erect 

and summer whereas crustose tot'r<'."nn'rn .... h,,'i'o" 

I-Innn.<.n 1978 cited in In terms of the occur in 

functional - form if natural selection acts on the nl'\."nl'1,1'\/,.".,. and if the mEICrC)mlon:J,hollooica[ 

an 

eccJlo!glcal differences 

metabolic and pn1fSUJIQglcai nlH"".-"",,",,,,,.,, 

There is a no,",,,,,.·,,,, trend of int"r''''lIII,c::innhl r:f'lITlnll"'Y 

as 

the size of the "'"""I,,;irl 

a Tr~"_II\.llnn ",I+,"'n~.+h,"'r Hapllolcly is 

HainlOlirl rrl","I~!r<:! would less favored as all recessive alleles are eX~IOSE~d to selection 

to be 

... w"' .... ,'""'"' in environments that selected recessive hnrnncrllnn""iih.1 

occur in to make individuals more fit 

the I'\l:>'''''irllll'l of 

determination of dominance can be nrr,hl~.ml:ltit" 

but does not in number of rlic.:tin,M 

fronds would inrlil"l:>I,,,, dominance. 

There is no 

vu ... ""''''' more 

"''''''''''''''-'''''''', the ""l:IIrnnlinn of 

I-I""'nn< ..... '" and state that in a stressful environment a spE!CIE!S is more to 

show dissimilar .. o ...... oc'on+"'t; of nh,,, .. ,,,,,, .. ,, than thooo .nh·<>hi1tinn mora stable environments due to 

one of the nn:::o"""""" more to stresses encountered. Laura Lazo at a/. (1 

"' .... :"IM,.,"'. the OPIPo~me in that environments to have a more 

whereas dominance would occur In stable environments. 

two nh:::II<::,jO'C:: are not .. nu, .. .,v rI~I'V"nlrl~int upon one l:IOnt"lthg:>r 

Cnmn,~tltinn for resources occurs and the COITloetit.ive 

as are 

the two sexes of OIOecl()US sPE!Cle!s 

apl)lies. In an unstable 

friable as occurred in the area in which studied on Prince Edward 

new space is made available and either has the to 

reestablish This results in a similar abundance of each 

[;U.""JIJ'''' in this on\,irn,nnn,ont as OPIJIOSE!d to more stable 

SOE~CIE~S had been r"'nnrtg::~ of 

as occurred for 
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at al. The stable environment allows the 

the alternate 

,... ..... ..-. ..... ,,+i+ ....... to become esllablistled at the 

The two ideas are not if one between a 

C!tr,,,,C!(~ and a disturbed environment. In the stresses enable the 

I"'n'YlN:>tit,",r to whereas in the the stresses are of such a nature as to 

remove entire thalli and clear of substratum. former would thus be 

a substratum that is whereas the latter would be identified 

spa,ces between It ... t", ... ~fin,., to determine if a 1",""..-01",6,," exists between the 

amount of space available for ""'I"' .... ..,,""'."' .... and dominance. 

Is n~tit""m evident in the literature between the nature of the 

environmental stresses or and 

in Nova grew in the 

for colonization as 

the existence of 

The substratum on which 

(1 was described as 

stable and this was 

dominated Most recruitment into the stand was via .. ",,,.r,,,,, .. h of 

fronds from "",i<>+i........ h."\lrIlf",C!1tc! in areas were 

::::Irtitirj:::llhl denuded there was a occurrence of the ""' ........ '" at 

zone. 

A aalmetor:ihvte-l1ornin,ah::~ IJ'J .... UilQLI.UI was as on a 

SUbstratum in the intertidal zone in which there was little .... nlnnii7i", .... 

seaweeds covered the substratum ", ........ ",,,,,,..,,I"l to maintain 

In the of Ma.zzaalla 71W:;OOljaa ........ "An".... on a substratum in the intertidal zone 

I"'n.T"".,''"''"''nti''..... with a small amount of space 

This SDE~CIE~S was described as .... nlnf"', .......... , .... ,.. 

f'I::::Ilm""tnnlh"I,,,,, dominance 

for colonization and veitletati\re n~DflodlJctiol 

to a K as holdfasts were nQ,rAnnl and The effect of 

wave was also investigated but no effects were discovered. 1-1", •• "",,/0," it was 

mentioned that there was n'""~~t."r I"'nl",n;"";nn at lower elevations still 

"","""o,tn ... huto nnrn;n::::ltM there was a nr"':!:It.~ .. occurrence of t"'t .. "'''''' ... ''' .......... h"t'''C' 

The above three ""v~ .......... I""" all have a combination of little ,... ..... In .... ;7; 

and Once dominance is established it is po:ssilble that 

tissue 

dominance 

from 
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A \A,nrll"l\AII and found the of 

ratios 

n ... nn.'""n,hi ... ",,1 locat:ion were more 

imr\nrt.l:lnt as different in localities were found to exhibit extremes. 

h.l:ln.it:::lt were mentioned but it is not clear in 

do mention that substratum is that in areas with soft substrata 

is more than would 

thus be favoured whereas substrata are more suitable for and thus the 

in a mixture of nh"",,,,,.,,, 

In a in Rriirt", ... " the midlittoral was described as more unstable 

than the infralittoral zone. 

both zones it was less marked in the more 

stable 

mentioned, Hannach and Santelices 

prottec:tea and to 

dominated the 

lan1lni3f1l)/Cil3S} whereas a more 

in 

that 

,..nlnr"",<::lIt·,n ... was not 

also stated that the lower intertidal was more 

of 

zone was 

Iridaea 

in the low-intertidal. 

Iridaea ciliata on the other hand had similar .. "" ..... "'.,"'".t"'t ......... 

SPE~CIE!S did not occur in the and increased n",.nalrnnlhutj, ... dominance in the 

this was not as marked as MS!ZZ<3e/lfa 1"",ml,I1$:1,'II'\I(ll'><;1 in the 

exposure to stress in was to n,..r'm' .... t"" 

n" .. \ .. ",,~,:: .. ,.t::::otinn than that of the more stable low-intertidal. The amount was not 

This contradicts the idea that an unstable 

but it is that are stressed rather than unstable, A 

measurement of space It is also as to what 

is meant "more unstable ""n\.Iirr,nrr,,,,,nt" l"'nlrnn.",,.,,lIti between areas. H01I1Ve'/er. 

was in the infr"",littn,.,~1 ..... "mn::::o'ron to the mirllitt' .... r::::ol 

,ml'"ll,,,,.,,, a less stressed environment and Floc'h 1 

what attributes the dominant possess that ""n:~hl,,~ iUo Itrn ..... n...t'" the other 

is that the dominant the faster "r,." .... rn in a certain set 

In n,..r\",nn rate between the nn,:>=.", 

the tet!ras,polroClhyites were to have "'innifi . ..."..>tlv rates in culture at 18 and 
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21 but showed little difference at 12 and 15°C 

low tides in the rock in 

in winter and 14 to in summer. These rock 

sea 

of 30 to 120 IJ mol nh,..tn.~'" HOW81/er. the 

were "'innifi."'''' ..... '" at 

to determine if the is more resistant to 

thus to nnrnin:::lnr'"," in 

The 

this sPE~le!s occurred were 12 to 

the sea so 

about 11 to 

to some other factor in 

intensities 

at 24"C and crusts 

and 

Hannach and Santelices Mazzaella .... H' lU ""'I from 

rates. under a 1"(\I'lniltinr' .... and 

was a at nN' ...... ·"'1 

but 

to have rates otherwise. of Mazzaella 

more tolerant 

found differences in the rates in an intertidal tJV~/UIOILlVi of Chondrus 

nrn .. ,,1'1"I than the 

summer. In an intertidal IJV~/UI""LlVI tot,.",.,n""rnn.h\l,roClt showed n,.",,,,t.,,,. 

,.."',"' .... "'".h\" .... '" whereas no differences occurred between the 

The rate was measured the 

over the course of a year. of these two 

SDE:!cIE~S from spores showed no rtiftr",r~"nr''''''' be1twe!en the for either SPE~CiE~S when grown at 

a of and intensities 

The nh,o,""""" increase survival nn:.,::rt~"'r allocation 

resources to m&:'I'h:::lnit":::l1 structures to witlnd~lnrl nn",,,, ... ,... stresses or to chemical means to 

withstand ...... ""rl",t'inn In an ... n~ .. " ... '" of frond 

to that of the 1"1"'1'111"",,"1 latter exhibited a 

recruitment rate 

Mazzaella SDlem1erlS 

and DeWreede 

showed much n ... ".",'!"<:,,. n,l'ln'~lru fluctuations and ~nr"":::lr...n 

Ore!atE~r loss in unfavourable times. survival rate of 

of the ",,,,,,,lnl.#'1 

survival rates \J\.Ih",r">~", n""m",tnr.hut<'><:1t 

favourable conditions to offset 

of 

"",,,,,tnrr,hQ at al. A 
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is not 

fronds 

in size was for 

but the idea that be more 

as the spore resulted in 

than in 

do not in summer, as do the 

in environments that nr"'U"'I"IT 

would have the l'IIl'i\,IJ:lntJ:lt1'" 

MatZZi:le/,ra SiDleinl1~~ns were more I"Pc:ltlm:::anr 

hollc.1fasts, such as 

with 

to 

the 

In 

The t" ....... "" .. ...... "', ... " ...... ;",.,.t"..-I in wave eXI)os~ sites ,u,""" .. ·",,,,,,, 

the C!h".lt"",I"~ areas. 

have an on distribution. For a 

was to show a ....... "',f": ....... " .. '''' of 

and Sarltelices does 

of 

has been 

and showed a 

tetl"8SI:>onDotlvtE!S of Ma;zza,ella lQ,n1""'~""I"l,'N"''''' 

be due to a ... ", .. r<>"""",.,,,,,, "" .. ",if"" .. ,,,,, ... ,.·.,, rather than resistance in the 

also showed a for mature 

cvs,tocarpiic lI::O;:OUI::::' of Ma;zzaella iarr;llna,n()fl1es apI:>eared to the release of 

in reclfOCluC1tlve cal)8C:ltv. r.l'IIlrnnQ.nr\ril" 

tended to release more spores per thallus area than t~I!"J:I""nnril" A 

l"J:lIrnn<:tnn,rpQ. """"""1"\'''''''''''-/ to in tended to have a 

""""....,;,,,,,,ti...... success rate than IsolatE~a ... .,." ... ~'" This have contributed to 

be related to benefits conferred 

coalescence. A number of sPE~iE!s within the M',""/'VIr,,,,,,",ut<:> have spores that that 

are cal)able of coalescence (Salnte~IiCE!S Ma!;:JQS and 

co<)oe~ration that results 

oUltwe,iah the dis:eoo'anltam"!S of crolwolna Malcas and 

basal crust f ... n,....i.."" a more efficient 

hnl,ifJ:lc.t· metabolic interactions between coalesced 

resistance to and maintenance of 1"1""''\""",,.. I"IIVO ..... I'" SU91Qe!:lted that the 
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in which are coalescence. 

certain sPE~ie~ may ~ult from nn\/~lr:a1 

rather than 

Q£:>~~Clnn~1 nmir""l"n of 

<::'""·",,,I'ho)';<:> '::"'-Ut<:;IICltQ. The number of "'''''' ...... ''' released in autumn and 

whereas more ~1·ntlI::tnr,r""~ were released in but fewer "''''''TIn'c:.nr'l''n.'\hyt ... c:. rell1'!a~lAd 

.,nn, .. ""., in summer, fronds in and summer mean that 

,ltif'n""t'""lu more are The number of frond each season 

can be mean number 

structures and mean frond masses 

soo,res per from a minimum 

1.4 in December The mean number 

mean number fertile 

The mean number 

1998 to a maximum 

a 

of to a maximum x 

numbers of tll'ltlr:::llc:.nnl'A!l; per in summer and autumn whereas more 

VY'.I\AOOU in winter and 

If similar calculations are made mean mass fertile fronds and 

the mean number 

were released 

of fertile thallus section season, most "'n ...... ""., 

Table 5.4 of The mean 

number of tll'ltlr::il<::nnl'A<:il rellea~1ec.1 per frond l":::IIn,!"!....ri a minimum of 5.4 x in March to a 

maximum of 1.8 x released a minimum 1.2 

carOOI:;oo,res in June the 

thalli failed to .. ""I""",,,,,,, 

tended to of have to 

Values obtained for other SDE~CIE~ 3.0 x 

,..~rnnc~nnlr""c> and 1.9 x 

"''''fnn'~nn, .. """, and 2.7 x tetlraSDQl'eS in 

summer, and 

of 

del Pr60 et al. 

ofa 

8.3 x 

",,,,,·nn,~.......,,,.QC> and 1 x 

car"aIIC':UIB'tus (t-'a!cnElCO-·RuIZ et al 1 Phase 

dominance is not mentioned in the latter two studies. 

The dominance a 

is 

may be achieved or maintained 

and to be an method of reproductiol 

cordata in was dominated 

in 

the 
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Perennial basal crusts from 

substratum blade senescence occurred in 

autumn In the area in which the latter was 

spaces were rare. This same was f'I:::alm",tnr.hvt", dominated further 

in \i\1~.<>hjn .... tnn was also to be maintained crust In a 

the substratum were cleared in order to rllI'>1tll'>nnirlll'> rrl.:>t'l,:::ani<etrrl<et of 

recolonization of Malzzi:le!,ra JUeoplae, recruitment from spores and v9!Jetiatl'IJ'e 

the cleared areas made similar contributions 

dispelrsal was able to cover a nrJl:.:::ri~"r distance was ve!let,atlve t"llrrnAllth 

"'''''" ... ''' aPJleared to have been vulnerable nmmaSIS. HO'il\le1i1er new thalli 

irradiances in summer. 

In an !:>It''''''''M the <>nrn<:dj...""",-,'nnflj the TnJ ".,.AIl .,,.., 

of 

for 

distribution is UU;:>lU."'ICU. In an environment ,ffi/·j"" ... t,,, disturbed so that new space is 

aV~~lIaIDle. both nl'\~",,"'''' establ,ishing themselves and a mixture 

nh,,,,,,,,, ... results. The "'"",,,Inl" aIlClCa'£e resources t,.. .. I<:1. .. ,'''' 

levels of recruitment. In an environment with much cornpetltion 

stresses are not too areas be colonized more ~nlnl" 

then be extleCl:ed. 

and chemical. This 

allClcal:ina more resources to <::.tn::lt~Ii""<::. 

more elaborate structures to be 

nrnwth to decrease. It would thus 

more resistant to nn"'<::.' .... :::I1 stresses such as 

""""'Alth rates and 

but where nn\"",.,...:;;t. 

dominance the h~I"lniirl 

mechanical 

...... "'.""t.~ .. environmental It would also be eXI:>ected to be more resistant to predaltion 

environments of stress 

such as in the hinh_ir..t""rtirl",' areas and "", .. n", .. , .. e:xp<)selCI .. ~,,.. .. "'... n"I"\\"ln.:>I'I the stress is not 

so as to remove thalli. Once dominance is ""')l'''UJII<>' 

rec,roeJuctior in either 

it 

This of course needs such as evidence of 

be maintained 

mechanisms to nrnrnnt", survival and faster .... ,.,.. ....... rates of the h:::a,,,lnid in environments in 

which are also corltraidictiorls in the literature and in this as 

above. 

The nr/:It'~rti assumes if 1'I""'-II'",,""nn/ nn,:lQ:/:1<:: are similar 

must possess a G:T ratio close to 1. Hnweliler rI<Odmnnr.:lnhi ..... models have demonstrated that in 
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certain instances it is pa:;sible ",h""",., .. " to show a G:T that is not 

to 1 (Sarosc:lti and DP-1Nrf'!PliIA This occurred 

G:T ratios not to one and in 

VU'U""';U four tetr'aS[)Qn~ per frond for one 

The annual fluctuated between 

lived exhibited 

that stabilized at a InnnjJ:>\JIIV of thalli and 

frond are factors to Invlestllgalte in with 

dominance. The of the thalli of SPE~IE~S m/esugartea in is not known but 

form indicates that are not annuals. I'\.Idt,,,,,,,,,. sPE~cie!s aIPpe~are!a to ""VU"'~"" 

four for every one ",,,,"nnc,nnlr'" a G:T 

close to 2.8. 

COlmDarll50111S between two SPE!CIEtS 

was the I'In, .... in .. nt m"I',. .... ""I .... ",,1 Sl)ec:les in 

on the west coast. It is also sometimes found in ....... rL.n1'ortl'rt"'l Subltidal'y but 

the west coast not in such 

are 

In the 

mass of 5 to 

mass 6to 

fronds 

desiccation or 

mid- to InIlIJ!-ln1t/!>rtI1'l~1 

_<;;::"',,,... ..... I'h"'/'i'" scutel/ata and it is pos;sible 

lower 

of the two the individual frond mas;ses 

was to that of entire of ::>al1:::0Inal"a Sj:;Url~lIai[a 

rather than to individual frond mass mass of 0.2 to 

formed a mass attached to a Much 

h<:>,,,,,fj'tc! to that 

..... ni'''''''' the from 

imr.<:II"t Howe1/er, it was noted that 

Correlations wave imr'J:I..-t or desiccation and 

Invlestlgal:ea. As occur in so were .. ,.. .. , ..... v 

.h .... '''''r'~...t'I in seawater the risk of desliccatic)n is decreased. 

In IY'llnn,::arirln S:":""...,....l'h",,II'i!:> SI;UlE~lIaira released more <>,.,... ... """" per reprOOlucltlv structure 

the tens of than were released ~ 

The more than one (,;!Irnn~~nnr('\nihv1'", but it was difficult to tell if 

more than one released spores over the time invlestiiga1ted. The success rate 

of spores of scutellata tended to be somewhat for Grflte/()uofa 
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and the the a 

at certain times of the were also bound more 

These in to more 

in than 

Both round of 

No seasonal 

numbers sari in orin of 

and number fertile thallus section in 

The number of released per or per fertile thallus 

section the number released did not 

for both Other within vittata 

VUli.n .. l::u more 

to late summer al. 1991). SB"oothR','R stiriata 

and GlCfRrt,m nr\I!'fI"OrnO had similar numbers of cvs.tocar[)S and t ... tl~C::lnnr'l;1In/"Ii~1 sori of 

fresh in winter and summer 

Various studies of other SDE~CIE~S 

\J::::Ilri::::ltinn in rI.,..."r""", 

in 

sorus was nr"'l;1It&~r in winter 

latitudes were 

t""rtllln, as indicated 

occur within a similar .......... " ... around 30 to 45 

and Neushul 

and Neushul 

of spores released 

ODt:l{';ltllS of Graci/aria from 

in late summer but was all in the 

r-ir",,,fina. skc)tt/:;bergii had an autumn in 

that was fertile 

Other studies in areas within 30 to 45 declreets latitude found nal'itVl<:> 

in the west Atlantic at around 

inf.=>riilit\l but in a 

of 

Wilce 

spelcies studied, At 

and 10% al. 1981) of the SDl=!Cit'!S had """""inl"l.,. of infl',rtiJi11v The latter 

found that some SDE~CiE~S became renn:ldluc1'ive when water others 

when the water was warmer and the .. on,,,,,j ... ; ...... SPE~le~ were renn::ld!uctlve all year n::>rll;1lrr11 ... ~~c:: of 

GnJClllirla tikvahiae from the Great New ~::::I~r.<:>hi was 

in summer and was t"'nlrr.::>l!l;1It"," with 

increased water t""n",,,,,,,, .. ,,,h 
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Periods info=.riilrl\l are common at IdlU\UY'Cl:>. A 

inf",.riiliitv in N91Nfnunc'llarld between 49 and 

reo>rOClluC1tlve fronds of the 
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