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Developmental morphology of Acanthophora nayadiformis
(Rhodophyta, Ceramiales): Sympodial growth and propagule
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Ahstract

The 2. nayadifpesii thallus $ peculsar due both o i3 morphologieal erganietion and m the production of specinlioed
Vegetative propagules resembling nurions of aguatic dicosybedons. Propagules heve proved o be useful culrire Bvocula for
morphogenctc rewarch. They germinare quickly when coltured under oprimsl conditiom, growmng n @ polar fshion,
producing uprights from rheic distal buds and axes with thizodds from the proximal cnes. The thallae growth pattern in 2.
navadiforss at firer imvehees & mopopodial armngemen: of determinate branches followed by ramisvmpodial growrth ar all
thallus levels with an unpredictable model. There & oot, in facr, & fiesd ‘svmpodial anic which reiterates isseIf in the
mamisympedia, dius giving rise (o great morphatogical diversity. Both irrsdiance and t=mperanire have a spriificant effect on
propagule bad growth rate, bt mot oo their developmental morphology. In contmst, changss in the apex morphogenetic
trend, such as oansformation from e stoden apex into the upright kind and sympodial growth, are promated by lonp-day
conditions and largely suppressed undér short-day regimes. The shorr-day inhibdtien of upnght growth seems o be a

specinlized mechanism for over-wintering in 3 resistant vegerative phase.
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Introduction

Acanthophora savadiformes (Deliled Papenfuse (Rho-
dophyta, Ceramiales), the onlby species of the penus
occurring in the Mediterranean Sea, s a perennial
species that ar our latitude s present in winter and
spring with the prostrate rhizomarous system only;
the upright fronds sprour in May - June and grow
unnl Ckitober when they begin w decay (Cecere o
al., 2000,

A. navadiormiz has proved o be an interesting
wazon becavse of the morphological organization of
its thallus and the production of specialized vepera-
tive propapgules. Since the Cerarminles have uniform
reproductive features, morphological characeers are
crucial for diagnosae and taxonomic investpaton. A
detailed study carried our by Cecere and Percone
(2002) on the morphology of A, nevadifoemis from
the Gulf of Taranto highlighted that the great
moephologieal vanability of the thallus was caused

by sympedial branching teking place ac all thallus
levels. Moreover, different kinds of buds with
distinet origin and development can contemporarily
be present on the same thallus.

While sympodinl branching in vascular plans
concerns the organization of whole orpans (ic.,
inflorescences and branches) in the dasvacean thalli
it has been described at the cellular level (Parsons,
19730, Momis and colleagues {1984) proposed the
werm “‘cellulosympodial’ for this kind of growth, On
the contrary, they defined 2 ‘rumizympodia® branch
systems made by a serics of determinate axes ansing
from mtercalary posidons on determinate branches,
s described in some Crouaniese (Ceramizccac) and
Deelesseriaceas.

Among the Rhodomelaceac, sympodial growth
was obscrved for the fickt time In A, saovadiformeds
{Cecere & Perrone, 2002%, whereas it i well known
in dw Ceramiacene, Dasyacess and ecspecially
Dhelesseriacess (Coramisles) (Wynne & Danicls,
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1966; Wollaston, 1968; Gordon-Mills & Kraft, 1981;
Womersley & Shepley, 1982; D Cleck e al,, 2002,
In dw Bhodomelaceas, o few specics have bheen
described as having a growth pattern resembling
sympodial growth (Falkenberg, 1901; Hommersand,
19035 Wynme, 1985; Masuda & Sclivanova, 19849,
Masuda et al., 1998}, but such a growth patrern has
been misimterpreted due merely 1o an overtopping of
the main axis by laterals with more rapid growth.

Vegeratve propagules have been described in a few
Horidean species, mostdy Ceeamigles (Hawkes, 1990;
Murray & Dion, 19921, but none are homologous
o the A sayediforens propagules. Similar propagales
are not present in the other species of the genus, and
were found in the extoeara of A, savadiforme foom all
geographic areas, Therefore. they have been pro-
posed 85 8 taxonomic characrer at species level (de
Jong et al., 1999, Cecere & Perrone, 2003).

On the basis of both ficld observations and i s
propagule culnures, this work aims to mvestgate the
developmental morphology of A, nevadiforsss, and
the factors thar could act s tripggers for the
mtervenimg sympodial prowth. For the bese under-
standing of the terminology used in desceibing the
regules of this research, both definitions and descrap-
gons previously reported in the literature will be
summanzed together with the new observations.

Materials and methods
Fiald obsertratnones

Monthly collecions were carricd our by SCUBA
diving from January to December 2000 from the
amached populadons of A asgyadibrme at the
Cheradi  [slands - (Mar Grande, Taranto, laly,
40°28° N, 17713 B, [onian Sea). Samples were
preserved in 5% formalin - seawater and brought to
the laboratory, where both their  morphological
characrerznics and developmentn] dynamics were
observed. Representative specimens are kept in the
hetbartum of IAMC CWER-Taranto Section.

Celpures

Propagule-beaning thalli were collected beraeen July
and August 2003; wnferle specimens were selecied
for the experiments. Marure peopagules, useful as
culture mecula, detached spontancously, and were
deposited on the botom of the wessel,

Exporimental marerial was incubared for [ -2 min
m 5% POVIDONE (pobywinylpyreolidone-iodine
complex) [(Smic & Bolton, 1999 then rinsed in sierile
segwater, meubated for 1O min in 50 ppm chlorame-
phenicol, then rnsed again in sterile seawater,

Preliminary culrures weee performed to assess hiow
light and remperature could affect the growth rare of

propagule primordia. As an experimental unit, L
propagules in 200 ml Perrd dishes {mean wet weight
22.4 mg) were chosen; four replicates for each rest
were prepared, Plain seawater from the collection
site, filtered throwgh Millipore filters (MF - 340, was
used as the base of the culmure mediom: 0.1 mM
MHyND; a2 an ennchment, and & ppm GeOs w
conured distom  peoliferason were always added
(Lewin, 1966). The mediom was replaced every 4
d; culrures were run for 40 d in growth chambers
under Auworescent lght [(Cook-White 40 W rubes);
PAR was messured by means of o QRT light and
remperature sensor (Hansatech, UK).

To cvaluare the individual effects of both light
intensity and temperanire of propagule germimation,
the experimental units were kept in culmure {owo
separafe experiments) under the following condi-
gons: () 26°C £ 1% 15, 30, &0 or 120 zmol
m %~ ' PAR {the maximum value in our growth
chambers]); 16 B h light-dark photoperiod; (i) 10,
19, 26, 34°C+1%5 120 pmel m~ %' PAR:
16 h:B b light-dark photoperiod,

Thiz long-day photoperiod corresponded to the
natursl one during the A sayedifemi lifke cvcle at
the callection site, The wet weight of cach expen-
mental unit was measured every week using a miple
benm balance: the % Daily Growth Rare {DGR) way
calculated according to the following  formula:
DGR=In (NvNo) x 100 / . Data were analysed
with one-way ANMOVA, and differences betareen the
varighles were determined by Fischer's Leaar Sag-
nificance Difference (1503,

Both long day (LIY) and shoer day (5130 cultures
were performed with the aim of evaluang the
morphogenetic effects of the daylength, Culmre
conditons were as  follows: (3} 5D cultures:
Bhilah  bght-dark  phooperiod; 120 umel
m ™% ' PAR; 26°C 4+ 1% (i) 12 b:12 h culwres:
120 ymol m ™% ' PAR for the first B h, and
10 pmol m~ %! PAR for the remaining 4 h
267G + 1% (i) LD colmuees: 16 h:B b lght-dack
photoperiod; 120 jmol m ™ %~ | PAR for the firs
Bh, and 10 pmol m ™~ %' PAR for the rematning
3 h; 26°C £ 1°.

PAR at 10 prnol m ™ %! was chosen o a value
lower than the compensadon ireadiance in A
sicprediformts (Petrocells & Felicm, 1997} wo exclude
the effect of light quantity. Propagules were grown
for 60 d. At the end of the cxperiment, both stalan
apices which umed mto the upright kind and those
thar shifted 1o the sympodial knd were counted, The
homogeneity of the response in terms of apex
rransformations to different light regimes was staris-
ucally evaluated by the chi-aquared tes:.

Both morphelogical and anatomical observasons
were carrbed our on fresh maredal, logued preserved
specimens and cultured thalli. Secticns were made



by hand or on a Ledee Eryomat microtome (Ernsg
Ledte Gmbh™, Wetlar, Germany). Sections were
smined with 1% aniline blue aodified with 0.5%
HCl, and mounted with 50% ghycerol— seawater,
Shde preparations were obhserved under an Olympus
BX - 41 miceoscope {(lympus, Melville, NY, TISA)
and phoographed with a digin] camera (Mikon
Coolpix 9940),

Results
The sympadial conprrestzon of the thallus

A nayvadiorsmiz (Figure 1) grows und-psdally from a
dome-shaped wunsversely dividing apical cell. A
monopodial panern of growth comrols development
of the entre first basal par of the plant; lateral
branches are of owo kinds, determinare and indetes-
minate. Determmnate lterals, trichoblasts and spines,
onginete from every scgmeneal cell according o a
one-fourth  right-handed spiral. Trichoblasts  are
deciduous colourless mono-siphonous karerals psen-
do-dichotomeusly branched {Figure 2); early in
development, but after the periaxial cell formanon,
their basal cells give origm o the second kind of
determinate branches, the so-called “spines® (Figure
31 These are pobysiphonous lsterals, subulare when
young, approx. I mm leng, and divergent at right
angles to the soos when mature {Figuees 4, 5, 7, 103,
There are fow indeterminate lotecal branches of fiest
order, 2- 3, criginatng eacly from the basal part of
the main axis; those of sccond, and rerely of third
order, form in the axils of every spine from primosdia
identical e the termingl bud, and develop kike the
main axis (Figure 5). Axiltory branches are always
spirally arranped asccording oo the asrangernent of
both rrichoblasgs and spines,

In most thalii the grownh pattern of both the main
axt and Interal branches shifis o the ssnpodial, b
with an unpredictable model, Buds able o develop
into branches that substrute main sces and matite
sympodial growth are not the axillary buds as in
Aowering plants, but those endegenously generated
on the adaxial side of the last-formed (youngest)
spine and termed ‘spiny primoedia’ {of. Cecere &
Pereone, 2002) (Figure 6,

While the first spiny bud is forming, the mam apex
aborts. Omnce niteted, sympodial growth charac-
terizes all subsequent development of the distel two
tiers of the thallus. There is not, however, a fxed
‘sympodial unit” that reiterates iself in the ramisym-
podia, thus gving nse o the great morphological
diversity of the 4. revadifrsns thalli, The sympodial
units continuing the main axs geowth (the ‘con-
oneation shoots”, according o the fowering planc
terminology) can be aes bearing | -4 or mare spines
{Figure 4). Lateral spiny buds, arising secondarily
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from some or all mature spines, may also develop
into gither elongared or shorr beanches, that can in
men branch (Figure 7). Lateral sympodial branches
arc usually spirally arranged when every spine forms
its own spiny bud (Figure B). When they arnse
aliernately on only two spines of opposite orthosti-
chies, the axes appear quite distichous with respect 1o
the second order beanches (Figure 9], A subtending
spine can bear a single bud, an adllary meonopodial
bud, or a spiny sympodial one; the simultaneous
presence of both buds hat never been observed, As
the sympodial units grow suceessively, they become
shorter and shorrer, so that the distal pars of the
thallus appear crowded.

Other indeterminate branches can form second-
rily on manece plants; they orginate from disdner
terete buds near the base of the spines (extra-
axillary); and dewclop monopodially mfo ferete
spineless stolons with hlunt apices. The groas
morphology of A sopedifermss can b further
complicated by 8 number of adventitbous rmsym
podia regenerated from broken thallus parts.

Propagle structure and germination

Propagule production occurs early im thatlus devel-
opment, #ince propegules are already present on
young monopodial branches, On mature thalli mosc
propagules form from sympodial bronches, Both
gamerophytes and tetrasporophytes produce propa-
gules o the same extent.

The A, wevadifiens propagules are apical pams
madified as swollen coneshaped daddy phamented
bodies. Propagules bear up to 5 dwarf spines and as
many tercte primordia of stolons, while the main
apex is also mansformed inwe a terete bud. Mature
propagules measure 1- 1.5 mm in length and 400 -
600 um in diamerer {Figure 107, Their structure is
basicully the same as that of the thallus (Figure 117,
however the inner cortical cells are bigger and filled
with large floridean smarch granules (Figure 12,
Their basal poles are abruptly constriceed and end m
an abscission eone consisting of clongared hyaline
cell: (Figure 13},

Propagules are undoubredly summable structunes o
efgund  prompt attachment ono  the substramum
(Figure 14). In summer-aumimn their germination
occurs sesm after therr abscission, while propagules
shed in late aumumn over-winter In a fairly dormant
state and, in May - June, begin o germinare just o
the new frond begns to sprout from the perenmizl
bages (of. Cecers & Perrone, 2003, In the field,
plandets desived from propagules are distimguishable
from sporelings by the way m which they amach o
the substratum. The first are atached by means of
rhizoids arising from soolons (Figures 15-17), the
second Fform an amachment disk which becomes
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Figures 1 - 18, Figure 1. Whole manrs thallus of A, seopadifemii from the Cheradi Eslands. Bar = 1.9 cm. Figure 2. Ome young wichobilisd,
Bar=85 ym, Figure 3. Ahawial view af o young spme showing the teicholdas scar, Bac= 50 um, Figure 4. Mooopodial (left) and sympodaal
(righty mmn amex. Bar= | mm. Figure 5. Subrending spines and their saillary bod. Bae= 500 pm. Figures &-8 Sympodial spice bueds in
different stages of development, Fagare &, bar = 200 um; Figure 7, bar= S00gm; Pigare 4, bar=2 mm. Figese . Pasudo-distchaus petiem
of braniches (arrows). Bar=2 con. Figioe 100 Apices tramsformed into propagules. Bar= 122 ome Pigure 11. Longlruding] sectinn of e
distal part of & propaguie. Bar = 2 um. Figure 12, [nner carmical ceils Tilled with langs floridesm sarch granales. Bar= 150 @m. Figure 13
Lengiruding] sectico af the prosimal part of a propagule. Arrow indecores the abeclsshon zone. Bar =200 um. Figare 14, Propagnale in the
fBeld simached co che narursl subsranem. Bas= B0 pm, Figuse 15. Buddng of o thizaid from a stolon oucer cortical cell. Bhizold remaies in
epen conmection with iy mother cell. Bar = 10 um. Fagare 160 Tri-farcars rhizodd, Bar =38 g, Figene 17, Wald plantet fiom propapule
Arrow indiceses sympisdisl grownts. Bar= 1.5 man, Figure 18, Wild sporefng. 'The plontler iz soll encrely monepodial. Bar= 15 mm



corticated (Figure 18). The growth patterns of the
owo kinds of germlings are the same, with 8 shoro
terete stpe continued by & monopodial axis. Sym-
podial geowth i detectable in the sporelings when
thalli are abour 3-4 cm lobg, wsually m June - July,
whereas apices of plantlets from propogules shift o
sympuodial growth and branch carlicr, when axes are
about 2 cm long (Figure 17).

In culture, propapule germination staes with the
development of the pre-existing terete buds thar
develop a8 vterere naked swolotis for 0.3-005 cm
{Frgure 19), The blunt apices of the most digtal axes
s00M S8 1o produce primary determinate branches,
trichoblasts and spines, becoming spices of upright
fronds. Sooner or later the youngesr spines initiate
sympodial branching from endogenous spiny buds.
Axes from the peoximal part of the propagule
contimae their growth as terere iregulardy branched
stcdons; usweally producing rhizoids (Figure 200,

Both irradiznee and temperature had 8 significant
cifect on propagule bud growth rare (Tables | and
Iy, but hed liwde cffect on their developmental
merphology, Growth rate was proportionsl to both
temmperarure and irradiance; the differences beroresn
the tests were highly sipnificant (g < 0.0001). Ana-
ysed darz ded not show differcnces between the
replicates, Both low emperarure and low irmdiance
k[mnni:.r l:.rnm:l:l growth; at 10°C and ar 15 ol
m %' PAR, growth increments did not reach
S, Under these condinions, the axes did not grow
in length enough to transform into upeghts. By
conirasy, the highest irradiances tested led oo the
transformation of the apices of the proximal swlons
into upeights. At the highest irradiance used and ar
267, a % DGR = 4 wik observed,

[During germination, the propagule body became
slender and, after approx. 15 4, starch granuoles
disappeared, Sometimes. new propagules were pre-
cociously produced by voung ‘germlings’ growing in
all the conditdons supporting apical ransformarion
(Figune 21,

The resules of the different daylength regimes
tested are shown in Table 111, In the four replicates of
cach experimental untt, a8 homopeneous photoper-
iodic responae was obizined [f = 1.531; p=067510
Therefore, data were put together inne 2 contingence
table, and the chi-squared test was performed in
order to evaluare the effect of the three different
photopeniods on apex differentiation. In both 5D
and 12 12 b culeres, stolon spices rarely changed
inee the wpright kind (Figures 230, 239 results were
not significandy different (= 1LATIA; p=0, 1060
In LI} cultures, on the other hand, almost all the
apices were ransformed imto the wpright kind
(Figures 22h, 24, 25), and a high percentage of
them (89.3%) very soon ndtiated sympoedial growth,
even from the first spine born. By wansfercing S
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grown plantlets wo the LIY regime, apices very soon
turned inee the upright kod (Figure 26).

Discussion

Ac repards their onmogeny A, mavediforsss has a
peculiar kind of ramisvmpodiz, never before oh-
served in other macroalgal thalli. & distincve vpe of
bud, the “spiny primordium’, is- able to esthlish
sympodial branching; 1t forms endogenously in the
adaxial side of a spine from the ffth pericentral cell,
the Inst formed in the branch. It should be noted that
the osigin of this bud 15 the same as that of the
carpogonial hranch i Adeemthaphors  (Cecere &
Perrone, 2002},

A great diversity characterizes ramisvimpodivm
development and arrengement, because there i no
unigue sympodial unit seiterating iself in baoth
main and kteral axes. In A sovediferens, sympo-
dial beanching leads to specimens Being more
robust and branched, thus increasing their photo-
synthetic efficiency under various light conditians.
Other than the Ceramiales. very few taxa really
show ramisvimpodial growth such a5 Mocamium
Lamouroux (Plocamiales) (Womeraley, 19710 and
Lomentarta wreballzes (Hooker et Hareey) Yendo
(Bhodymeniales) (Hooker, 1855, a5 Chulecladia
umrhellats Hooker et Harvey, Adams, 10043 In
these gemery; the sympodial unit shows herero-
blastic growth and reiterares imelf, as im some
Delesseriondene such  as  Kwogia  Yoshida el
Zimorage Wynne (Yoshida, 19790, and Syerodo-
phwium Shepley et Womersley  (Shepley &
Womersley, 19603, Genera such as  Nereipingks
Kylin (Dumonuacese) (Kylin & Scotisberp, 1919
and  Newocamlon  Fanardini (Furcellarinceae)
(Zanarding, 1869; Codomier, 1967) have also been
described as sympodially branched, Their challus is
construcred by cylindrical axes beaning determinate
pmplexicaul leafy branchlers. The growth pattern
resembles that of mest monocoryledons, in which
the last leaf owertops the tip, but there i5 ne e
evidence of sborting main apices.

Among the cormophyres, there are no simdlar
models of development, except the “fuzzy’ morphoi-
gy of the squatc rverweeds Podosiemacese,
particular Tristicks tifane (Bory ox Willd.) Spreng,
and fedarrispichs rnedodma (Wight) van Boven,
These are plga-like plantz with a body ofien
described a2 a thalles, Many scengsts regerd the
podostemads as not fring into the classical root-
shoot model [(CRS model) of angosperms [Hu-
tshuuser, 1997}, while others recognize homologses
with the corrcsponding organs of the angiosperms
und detail the unusual sympodial prowth of the abave
specics  (Jiger-Zam, 19971, Some analogics with
pexdostemad organopraphy can be recognied in the
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Flgures 19 - 26, Propagule geminadon m cufmre. Fagare 19, Inidal step of siolon development. Bar= 1.2 mm. Pigure 20, Fificen-day old
prrmineted propagale {mop view), Dastal apices are mansformed inie the apright od and some of them ang alesdy sympodhal (armows];
proaEmal apaces canticue 0 grow a8 sieloen [erowhendy), Bar=1.2 mme Flgure 21, Germinened propeguals that has precociously jormned o
new proqagule [aereow). Bar=1.2 mm. Bipare 22 (3] Fifieen-day ald S0 growm plandes from- propagules; all che mes are sia
Fefreen «day old LI grown plasibets from poopagules; most of the oxes are uprighis shifong i sympodial growth, Bar= 3} mm, Figume 275
Magnificapon of a S grown plantlet axis {stolon). WNoie the few shom enchoblasis [arrows) and the dwes? spimics (arrowhiads)
Bar= 300 um. Fignare 24. Mapnefication of an apex of the uprighs kind with tepscally well developed i Ak, Har= 100w Figuse 25
v anilary bids (arrows]. Bar= 300 um. Bigere 26, Soony-dey old 50

ne. ol

1 anis Wl IAChollascs, spines

A novadiivemes thallus organaton. As in Trericlia leaves bearing monopodial  axillary buds or as
rrifaria and federrizncha ramesssimag the Cramouli’, branches bearing sympodial meercalary buds

which represernt the diswal parts of aympodial Vegeranve propagules have proved 1o be useful
branches, are regarded as subtending leaves bearing culoure inocula for morphopenetic research in A
maillary buds; simikarly, 10 A, mavedifonriz the “spines” wavadeiorss, When cultuned under opbomal culture
could be regarded as cher homologows subtending conditions they “germinare’ guickly; their buds grow
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Tabde 1. Effeet of wmperarure on propagule growt (mg....} Gnital biomess = 224 + 2.8 mg,.) after o &l-day culrure a¢ 1350 pmel m®s !
PAR and 16 b8 h lghr-dack regime. In parentheses are the confidence limils wt p=0001 {r=64)

Temgerature ("0 4 17)

(] 18 B =)
Mean blomass A+ 5 TR [+ &4 1200 ¢+ 11.4) 117+ 17,2
% Incress: 2455 738.3% 475,50 A0H, G
W DOR 0540 04T 4377 £00T7

Tabde 11 Effect of ieradiance an propagule growth [mEws) finital biomass =224 £ 2.5 mg.., b sfier o 40-chy culture at 26°Cend 1ohis b
Hght-diésk ropmme. In parenthesis are the confidence linds a5 p=001 (v= 64,

FAR {mol m % "}

LT ) o] 120

Mpan Bicmaes SLE(+ 4D TaB [+ 7.1 G520 400 L3656 [ + 8.8)
% Increase 41,55 22500 125.00 4318
B DGR 1,874 el 1) 1617 4,338

Table 1L Efect of dey length an epex rransfornzacion sfer a §d-day caleare (0= 640,
Ligtr-dark megime: N' el splees N upright spices ¥ Sympodial epices
2 ha1i b {5130 271 1 1]
12h:12h 270 | [
I h:Ah (LY ED 2oy HE.3

in a polar fashoom s do those of vascular plant scions,
producing uprighes feom diseal parts and stolons
from the proximal ones. A similar polarity has been
previously described in the regenetabon of thallus
eaplants from Prerocladiclle copdfices Santelices et
Hommersand  (Gelidiacene) (Felicini & Peerone,
1994, Felicni et al. 20021, Schomera picadensis Guiry
ot Hollenberg (Phyllophoracese) (Pemone & Felicini,
1972, as Peroploszum  micaeenss [Duby)  Schotter;
Perrone & Feliani, 1981), Chondrachonmme acteulio
(Roth) Frederiog (Grgartinacese) (Permone & Felici-
ni, 1976, as (igaring acfealars (Wolf) Lamour.]
and Softerta filifermas Papenfuss [Solierinceae) {Per-
rone ot al., 1991; Perrone & Cecere, 19973

Thalluz polarity has proved o be afected by light
intensity n A sgvadiformds, with too high a Lght
intensity alse mducing proximal stolons o change
intn wprighrs, 8 phenomenon that has alse been
nbserved in the above specics. Low wemperature, low
irradiance and a short-day repme affected both bud
growth rate and moephogence, in that the first two
conditons slowed down the growsh rae so much
that mew axcs did nor grow in length enough o
transform themselves into uprights, Short-day eon-
ditions (the 12 h:12 h regimie also acts as S in this
specios) did not peemit even the longest stolons to

change into uprights, This behaviour justifics the
occurrence of propagules with long stolons during
winter—early spring, and their quick development
into upright fronds i Jate spring. By comntras,
cultured propagules reached the ighest growth rates
uf the highest tested valees of both emperanete and
irradiance; m accordance with previows field ob-
servations on intertidal s subtidal populations
shivwing thar intergdal plancs grew fasrer and ceached
a larger gize than subtdal ones (Cecere et al., 20000,

The finding that apex wansformation (and sym-
podial growth) was promoed by LD conditions, and
largely suppressed under both 12 h:i2 h and SD
rogintes supports the hypeothesis that A, eavediferms
i5 & long-day plant with a crivical daylength greater
than 12 h. The sprouting of uprights occurring in
lare spring from the ¢ver-wintering prostrate system
could be another LID resporse. The 1) regime
matches the seasonal growth and reproduction
pattern of A pdadifornes in its native enviconment,
the Mediterranean Sea, and limies s distribution
area porth of the Tuscan Archipelage (Tyrrhenian
Sea) (Papi et al., 1992) dwough both the Red Sea
and Indian Ocean up to the cquaror (de Jeng et al.,
1999). O the ather hand, the 31 inhibition for apex
iransformetion scems o be a specialized mechanism
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for ever-wintering in a resistant vegeradve phase at
our latitede.

Most of the photopenodic responses reported in
the litcrature involve a change of phase in a
heteromorphic life history, uswally through either
the formaton or release of spores by the diploid
generation; in red algre, terssporogencsis is often
stimulated by S0 (Dring, 19%4), The inidaton of
uprights fiom prosmate perenndal systems 15 another
Comtmon response to photoperiod, which can be
interpreted as o change of veperative phase. In red
glgac with a winrcr life cycle, the production of
wpright thalll has alse pooved to be a SD response
(Felicini & Perrane, 1972; Ricterna & Breeman,
1982; Ruencss & Asen, 1982; Dring, 1985; Perrone
& Felicini, 1993). Since these responses resemble die
breaking of dormancy in woody plangs, it = possible
that processes similar to the onset of dommaney are
also unkler photopenodic conmrol in some maceo-
algee. In Schovera secarenss  changes in apical
morphogensic wends analogows o those observed
in A mpvadiforezis have also besn shown o be
controlled by daylength (Perrone & Felicini, 1988;
Perrone & Felicini, 1993

A. mayadiras propapules have no homologs
among the macroalgae. By contrast, they are very
similar to the mwrions of most aquatde dotvledons.
Turions gre winter buds, dormant organs often
formizd as a response to unfavoursble ecological
conditions. They are geeaty modified shoot apices,
sphericul to club-shaped, consisting of dwarf dark
groen leaves flled with storage substances and
closely packed around the axis (Sculthorpe, 1967,
A, nayadifermis propagules resemble  usions  of
Hydnilla verticiliata (1.F) Royle (Cook & Lidnd,
1982% and some camivorous plants, such as Aidro-
vardas pencwess Linnacus and Dericdaria wadeards
Linnacns (Adamees, 199%). In these species, turions
play the role of seeds,

In the A. wayadiforms population, propagule-
bearing thalli repeesent the vast mmority of speci-
mens, and this sugpess thar propagules rather than
sexual reproduction play a8 crucial role in both
population maintenance and increase.  Moreover,
the carlier occurrence of female gametophytes and
their higher incidence compared with male game-
tophytes (Cecere et al., 2000), rogether with the
very low spoee vitality and germination pogential
(bath carpo- and tetraspores), sugeest thar mn the
course of me A movadiformi hes improved s
propagatdon sraregy duc w declining feruboy. It
must also be underlined thar plantlets  derving
from: dormant propagules grow only at the begin-
ning of the favourable scason, whilst sporelings
arise later m summer, They are also more robust

than sporelings, and reach sympodinl branching
cardier.

Both the peculiar thallus organization and the
likeness of propagules to furions lead us 10 compare
the A mavadiorsis architecmure with that of more
evolved plants and, even though such 2 comparison
may scem hazardous, it mekes the cormophyues-
thallophytes borderline less marked.
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