













































































transition:transversion ratio (tn:tv) that maximized the log-likelihood value was

calculated by plotting a range of tn:tv against the corresponding log-likelihoods for the

distance tree. The resulting value (in:tv = 3.2) was subsequently used with empirical base

frequencies in 10 separate likelihood analyses of random sequence addition,

MULTREES, and the TBR branch swapping algorithm. Maximum likelihood bootstrap

values were calculated from 100 replications of random addition of sequences,

MULTREES, and NNI branch swapping.

Table 1.1. Collection location for taxa included in rbcL. sequence analyses. Sequences not

previously published are indicated by an *.

Taxa

Collection Location

Gelidium allanii Chapman

G. americanum (Taylor) Santelices

G. canariensis (Grunow) Seoane-Camba
G. capense (Gmelin) Silva

G. chilense (Montagne) Santelices et Montalva
G. coulteri Harvey

G. crinale (Turner) Gaillon

G. crinale

G. floridanum Taylor

G. larifolium (Greville) Bornet ef Thuret
G. microdonticum W R, Taylor

G. micropterum Kiitzing

G. pacificum Okamura

*G. pluma Loomis

G. pulchellum (Tumer) Kiitzing

G. pusillum (Stackhouse) Le Jolis

G. pusillum

. ‘pusilium’

. ‘pusillum’

. ‘pusillum’

. ‘reptans’ (Suhr) Kylin

rex Santelices ez Abbott

. robustum (Gardner) Hollenberg et Abbott
. serrulatum J. Agardh

. sesquipedale (Clemente) Thuret in Bornet ef Thuret
G. vagum Okamura

*Onikusa’ foliacea (Okamura) R.E. Norris
*'0." foliacea

*0." foliacea

*'0.’ japonica {(Harvey) Akatsuka

‘0.’ japonica

‘0." sp.

‘0.’ pristoides (Turner) Akatsuka

*'0." pristoides

*'0." pristoides "turf form"

Prilophora scalarimosa (Kraft) Norris
Suhria vintata (Linnacus) J. Agardh

*§. vittata

[SEsEaRaRaEaRaRe

Doubtless Bay, North Istand, New Zealand'

Radio Island, Carteret Co. NC, USA?

Puerto de Ia Cruz, Tenerife, Canary Islands’

False Bay, Cape Peninsula, South Africa®

Tongoy Bay, Coguimbo, Chile®

Balboa Peninsula, Orange Co., CA, USA?
Masonboro Inlet, New Hanover Co., NC, USA?
Awhai Is., Hyogo Pref., Japan (Shimada er al. 1999)
Sebastian Inlet, Indian River Co., FL, USA?
Plouguerneau, Brittany, France®

Cahuita, Limén, Costa Rica®

Kommetjie, Cape Peninsula, South Africa®
Amatsukominato, Chiba Pref., Japan’
Hawai'i, Hawaiian Islands®

Aramar, Asturias, Spain’

Cancale, Brittany, France’

Fedje, Hordaland, Norway®

Puerto de la Cruz, Tenerife, Canary Islands’
Praia de Peruibe, Estado de Sao Paulo, Brazil
Solano Beach, San Diego Co., CA, USA'"
Natal, South Africa (culture #0962)"
Tongoy Bay, Coquimbo, Chile®

Dana Point, Orange Co., CA, USA?
Mochimo, Sucre, Venezuela®

Aramar, Asturias, Spain3

Jodogahama, Iwate Pref., Japan (Shimada ef ai. 1999)
Port Edward, KwaZulu-Natal Prov., South Africa®
East London, Eastern Cape Prov., South Africa®
Breezy Point, Eastern Cape Prov., South Africa™
Keelung, Taiwan'*

Shimoda, Shizuoka Pref., Japan (Shimada et al. 1999)
GenBank submission by Shimada ez al.

False Bay, Western Cape Prov., South Africa'!

Port Edward, KwaZulu-Natal Prov., South Africa’®
Kidds Beach, Eastern Cape Prov., South Africa'
Bulusan, Sorsogon Province, Luzon, Philippines'®
Kommetjie, Western Cape Prov., South Africa'’
Lideritz, Namibia'®

1

Samples for DNA extraction collected by: ' W, Nelson, °D.W. Freshwater, °J. Rico, *J. Bolton, *M.E. Edding, °J. Cabioc'h & M.H.

Hommersand, "M. Yoshizaki, *K.J. McDermid, culture of J. Rueness & S. Fredricksen, '*M. Cordeiro-Marino, ''M H.
Hommersand, Zculture of Rico & Guiry, "E.M. Tronchin, “$.M. Lin, "*L. Liao, '*A.T. Critchley.
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Morphological observations

Medullary structure characters defined in Rodriguez and Santelices (1996) were revisited
using nine species in the Gelidiaceae. Observations were made of the medullary structure
of Suhria vittata (Linnaeus) Endlicher (Oudekraal, RSA), Onikusa foliacea (East
London, RSA), O. pristoides (Glencairn, RSA), O. japonica (Harvey) Akatsuka
(Keelung, North Taiwan), Gelidium micropterum Kiitzing (Gelncairn, RSA), G.
microdonticum Taylor (Cahuita, Costa Rica), G. capense (S.G. Gmelin) Silva (Glencairn,
RSA), G. coulteri Harvey (Stillwater Cove, Pacific Grove, California, USA) and G.
chilense (Montagne) Santelices er Montalva {Tongoy Bay, Coquimbo, Chile). Silica gel
dried and preserved specimens (fixed in 5-10% Formalin-seawater at the time of
collection) where used. Dried specimens were hydrated in seawater, or 5% Formalin-
seawater. Following the method described by Rodriguez and Santelices (1996),
paradermal, longitudinal and cross sections were cut by hand or with a freezing
microtome from apical tips 0.5 cm in length. All specimens were stained with 1% aniline
blue stain and mounted in 50% Karo™ solution. Specimens were observed and
photographed using a Nikon Coolpix 990 digital camera (Nikon Corp., Tokyo, Japan)
mounted on a Leitz Dialux 20 EB compound microscope (E. Leitz, Inc., Wetzlar,
Germany).

RESULTS
Molecular analyses

A rbcL data set of 37 taxa was analyzed in this study. The first 67 base pairs (bp) of the
1467 bp gene were excluded from all analyses because a majority of the analyzed taxa
were missing data for these sites. Of the remaining 1400 sites, 433 were variable and 312
were parsimony informative. The data set had an overall AT base bias, a tn:tv of 3.4 and

a bias of 324 pyrimidine transition substitutions to 207 purine transition substitutions.
Based on these findings, the Tamura-Nei correction was used when calculating all

distances.
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The topologies derived from all three tree-building methods wére nearly identical.
Parsimony analyses resulted in three minimal trees of 973 steps and consistency indices
(CI) of 0.43 (Fig. 1.1). The distance and maximum likelihood topologies differed only in
the relationship of Gelidium chilense to G. rex Santelices ef Abbott.

Samples of Onikusa pristoides, O. foliacea and Suhria vitiata were resolved within a
strongly supported clade (bootstrap proportion {BP] = parsimony [P] 95, distance [D]
100, maximum likelihood [L] 84) referred to as the 'SuAria species complex’ by
Freshwater ef al. {1995). Sequences of S. vittata from Kommetjie, South Africa and
Lideritz, Namibia varied by 0.48 %. Gelidium micropterum had a strongly supported
sister relationship to Swhria vittata (BP = P98, D96, 1L92). Distances between sequences
of Onikusa pristoides from Port Edward, Kidds Beach and False Bay, South Africa
ranged from 0.0 to 0.50%. The turf form sample from Kidds Beach had an identical
sequence to the sample from Port Edward. Similarly, distances between sequences of O.
foliacea from Port Edward, East London and Breezy Point, South Africa ranged from 0.0
to 0.22%. Samples of O. pristoides (BP = P100, D100, L98) and O. foliacea (BP = P99,
D100, 1.94) were strongly supported as distinct monophyletic clades that are sister in the
rbcL tree (BP = P100, D100, L100). Sequences for O. japonica from Japan and Taiwan
were strongly resolved as a monophyletic clade (BP = P100, D100, L100) within a clade
separate from that which includes O. pristoides and O. foliacea. The strongly supported
clade containing the Omikusa and Suhria species also include species of Gelidium (Fig.
1.1).

Morphological analyses
No differences in medullary cell dimensions or organization were found between cells
hydrated with seawater or a 5% Formalin-seawater solution. Similarly, no differences

were found when comparing sections mounted in seawater to sections mounted in a 50%

Karo™ solution.
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I]]]]]]] Suhna Clade -
BB indo-PacificiCaribbean Clade
g\@ European Clade Lo8 ‘Onikusa’ pristoides PORT EDWARD, RSA
. Gelidium pusillum Clade . D10 ‘Onikusa’ pristoides KIDDS BEACH, RSA
L100 ‘Onikusa’ pristoides FALSE BAY, RSA
Gelidium chilense Clade 21183 ‘Onikusa’ foliacea PORT EDWARD, RSA
D Gelidium coulteri Clade ]691400 ‘Onikusa’ foliacea EAST LONDON, RSA
L78 Pe9 I ‘Onikusa’ foliacea BREEZY POINT, RSA
L87 Gelidium ‘pusillum’ CANARY ISLANDS
L84 Gelidium ‘reptans’ RSA
D100 Gelidium ‘pusillum’ BRAZIL
Po5 Lsg, D75 Gelidium microdonticum COSTA RICA
L100 ‘Subria’ vittata KOMMETJIE, RSA
5% P100 ‘Suhria’ vittata LUDERITZ, NAMIBIA
Pos Gelidium micropterum RSA
&_ L78, Feﬁdfum allanii NEW ZEALAND &
Po2 Gelidium pacificum JAPAN =
..... Gelidium robustum CA, USA
L100 [———— Gelidium americanum NC, USA 2
3}5’8 Gelidium floridanum FL, USA :::
%)97% 1100 Gelidium serrulatum VENEZUELA
Pg2 ggm L100 - ») Gelidium latifolium FRANCE %
L98 D100 L——-—-— Gelidium pulchellum IRELAND \
| pos | P00 Gelidium canariensis CANARY ISLANDS §
Pos Gelidium sesquipedale SPAIN :\
‘511%% [~ Gelidium pusillum NORWAY I
P100 L Gelidium pusilium FRANCE
- ‘Onikusa’ japonica TAIWAN fﬁ
1511%% [[— ‘Onikusa’ japonica JAPAN é
P100 i ‘Onikusa’ sp. JAPAN é
A\ P75 Gelidium chilense CHILE é
L100 = Gelidium rex CHILE %
E: gg Gelidium vagum JAPAN
Gelidium pluma HAWAIAN ISLANDS
Ln11°°nn l—:— Gelidium crinale NC, USA
P100 Gelidium crinale JAPAN
%Z Gelidium coulteri CA, USA
Gelidium capense FALSE BAY, RSA

Ptilophora scalarimosa PHILIPPINES

Fig 1.1. One of six minimal parsimony trees

(L=973, CI=0.43) resulting from analyses of rbcL sequence data from 37

Gelidiales taxa. Branches not present in all minimal trees are stippled. Bootstrap proportion values for Parsimony (P},
Distance (1) and maximum likelihood (1) analyses are presented on branches when greater than 70. Scale = 10

changes.



Paradermal sections of Suhria vittata revealed a loose mesh of narrow, elongated
medullary cells with lateral and terminal connections that ran in various directions (Fig.
1.2). Medullary cells were 2-9 um in diameter (with within-cell variation of %1.5 pm)

and 35-185 pm in length.

Paradermal sections of Onikusa pristoides revealed a very regular medullary structure
composed of closely associated cells oriented parallel to one another. The regular
structure was enhanced by the presence of numerous lateral H-shaped intercellular
connections between adjacent cells (Fig. 1.3). Medullary cells were 2-7 ym in diameter
(with within-cell variation of 1-2.5 pm) and 24-109 pm in length. Rhizines were
abundant in the inner cortex, especially in the alae, but absent in the medulla of the

midrib.

Gelidium coulteri had closely apressed cylindrical cells with rhizines concentrated in the
inner cortex (Fig. 1.4). Gelidium capense had predominately cylindrical cells, but
flattened cells were also encountered. Onikusa japonica had mostly cylindrical cells in
subapical sections with flattened ribbon-like cells occurring subcortically and scattered
throughout the medulla. Gelidium chilense had mostly cylindrical cells subapically with
relatively few scattered subcylindrical cells (Fig. 1.5). Gelidium capense and Onikusa
Japonica had rhizines concentrated in the inner cortex whereas rhizines occurred

throughout the medulla of Gelidium chilense.

All nine species had a medullary structure that could be described as a mesh, differing in
various degrees of looseness and regularity. Onikusa pristoides, Gelidium coulteri and
G. chilense had the tightest and most regular medullary structure. Evidence of varying
degrees of twisting in medullary cells was found in all the species. The presence of H-
shaped intercellular connections (Fig. 1.2) was noted in Onikusa pristoides, O. japonica,
Gelidium micropterum, G. capense, G. coulteri, G. chilense and Suhria vittata (though

not common in the latter).
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Fig. 1.2. Subapical paradermal section of S. vittata showing a loose mesh of medullary cells. Scale = 50
pm. Fig. 1.3. Subapical paradermal section of O. pristoides showing a regular network of medullary cells
and H-shaped intercellular connections (arrowheads). Scale = 20 um. Fig. 1.4. Subapical cross section of
G. coulteri showing cylindrical medullary cells and rhizines concentrated in the inner cortex (arrowhead).
Scale =20 um. Fig. 1.5. Subapical cross section of G. chilense showing cylindrical cells (double
arrowhead) and few scattered subcylindrical medullary cells (single arrowhead). Scale = 20 pm.

DISCUSSION

Molecular Analyses

Analyses of rbcL sequence data support the recognition of Onikusa foliacea, O. japonica,
O. pristoides and Suhria vittata as discrete species. Percent sequence divergence
between specimens of these species were low (<0.5%) despite the considerable
geographical distance between sample locations. The rbcL phylogeny presented here
(Fig. 1.1) is congruent with the results of previous rbcL analyses (Freshwater et al. 1995,
Shimada ef al. 1999) in resolving a number of well-supported subclades within the major
clade of species with the ‘Gelidium-type’ female reproductive and cystocarp system.

Two of the three species currently placed in Onikusa are resolved along with Suhria
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vittata and five species of Gelidium within what has been referred to as the “Suhria clade’
of 'Suhria species complex.! The remaining species of Onikusa, O. japonica, is resolved
within a separate group of species that is referred to as the ‘Gelidium chilense clade’ (Fig.
1.1). As in all previous analyses with rbcL and other DNA sequences (Freshwater ef al.
1995, Bailey and Freshwater 1997, Freshwater and Bailey 1998, Shimada ef a/. 1999,
Thomas and Freshwater 2001) Gelidium is paraphyletic with respect to Onikusa and
Suhria.

Medullary cell structure

Rodriguez and Santelices (1996) described six types of medullary structure in a study of
21 Gelidiales species. Medullary cell organization, morphology and dimension, as well
as the distribution of rhizines defined these types. The characterization of medullary
types was restricted to apical and subapical portions of erect axes, with the rationale that
in this region cells are becoming a distinctive tissue still unmodified by age and
environment and should not be variable in form and shape. Some of the defined
medullary structure types were observed in taxa that had previously been resolved in
specific species clades by rbcL analyses (Rodriguez and Santelices 1996: Table 1.3). In
the present study, medullary structure type was examined in multiple species from the
rbcL-defined Sunria, Gelidium coulteri and G. chilense species clades to determine if the
Onikusa pristoides, Gelidium coulteri and G. chilense medullary types are

synapomorphic for these species clades respectively.

The ‘Onikusa pristoides type’ was described as a loose mesh of narrow, elongated
medullary cells with lateral and terminal connections that run in various directions.
Subapical cells were 50-90 ym long and 2-4 yum in diameter. The ‘Gelidium coulteri
type’ was described as a loose composition of flattened (ribbon-like) cells running
parallel to the axis, with various degrees of undulation and twisting. Rhizines occurred
throughout the medulla of both types. Medullary cells of the ‘Gelidium chilense type’

were described to be cylindrical or subcylindrical apically and elliptical or compressed
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subapically, exhibiting varying degrees of twisting, with H-shaped intercellular

connections in paradermal view.

The medullary structure of Suhria vittata was found to fit the general description of the
‘Onikusa pristoides type’, but it has much larger cell dimensions than the dimensions
defining this type. The medullary structure of the O. pristoides specimen observed in this
study was very regular and did not fit the description of the ‘Onikusa pristoides type’.
Neither did the cell dimensions and the distribution of rhizines agree with the description
of this type. Figure 3.5c p. 25 in Carter (1986) also shows a very regular medullary
structure with wide intercellular spaces, paralle] rows of cells and H-shaped intercellular
connections. Interspecific variation in medullary structure was also found among O.
foliacea, Gelidium micropterum and G. microdonticum, three other species resolved in
the ‘Suhria clade’. The lack of a consistent medullary structure type in the species of the
Suhria clade demonstrates that these characters can not be used as a morphological

synapomorphy for the clade.

Given that Onikusa japonica is resolved in an rbcL. clade with Gelidium chilense, the
medullary structures of Onikusa japonica, Gelidium chilense and two species of the
related ‘Gelidium coulteri clade’, G. coulteri and G. capense, were investigated. The
medullary structures of all four species disagreed with the description of the ‘Gelidium
coulteri type’, given the presence of both cylindrical and flattened (or subcylindrical)
cells and an even distribution of rhizines throughout the medulla. The medullary
structure of Onikusa japonica did not fit the ‘Gelidium chilense type’ due to the
occurrence of both cylindrical and flattened ribbon-like cells subapically. The G.
chilense examined here did not agree entirely with the ‘Gelidium chilense type’ as
cylindrical cells were found throughout the length of the apical tip, even up to 1 cm
below the apex. Neither the G. coulteri nor G. chilense type medullary structures defined

by Rodriguez and Santelices (1996) adequately define the taxa studied here.

Medullary structure type, rhizine distribution and cell dimension were found to be

inconsistent between species in the 3 examined rbcL-defined clades. Therefore these
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characters can not be used as synapomorphies for these species clades. Additional study
of these characters is needed to determine their potential utility as synapomorphies for

other species and species clades.

Onikusa

Akatsuka (1986b) erected the genus Onikusa for two species formerly included in
Gelidium, Onikusa pristoides from South Africa (type species) and O. japonica from East
Asia. Norris (1992a) later described a third species, O. foliacea, for a taxon from Japan

and South Africa.

Akatsuka (1986b) assigned members of the Gelidiales to groups based on various
combinations of morphological characters. Onikusa pristoides and O. japonica were
removed from Gelidium and placed in the 'Suhria’ group (including Suhria, and
Porphyroglossum Kiitzing) based on the shared occurrence of surface cortical cells in
tetrads in the middle of the main thallus axis (Akatsuka 1986b). Onikusa,
Porphyroglossum and Suhria were treated as separate genera due to other macro- and
micro-morphological differences. Algal taxonomists however, have not uniformly

accepted Onikusa (Stegenga et al. 1997, Yoshida 1998).

Rodriguez and Santelices (1988) found tetrads of cortical cells to be common in species
of Gelidium and Pterocladia (including Pterocladiella) in apical portions of the thallus
and that they can occur elsewhere along the axis as well. The occurrence of cortical cells
in tetrads is indicative of areas where cell division is still common, and the distance
between cells and cell shape have not been modified by growth (Santelices 1988, Norris
1992a). Akatsuka (1986b) supported the use of surface cell morphology to delimit this
genus with various vegetative diagnostic characters of the middle region of the main axis.
These characters however, show much overlap with other genera such as Ptilophora.
One of the characters used, the distribution of proliferations or serrulae, is
environmentally variable and the presence of surface proliferations can be modified by

injury or epiphytic load (Santelices, 1990).

25



Norris (1992a) emended the description of Onikusa to highlight a combination of
characters in O. pristoides and O. foliacea he believed were important in delimiting this
genus, i.e. the tendency to branch ramisympodially (thought to be a primitive form of
ramisympodial branching with the major branches usually being produced adventitiously
and emerging from the midrib) and the extensive indeterminate system of prostrate
branches. Norris was unsure of the presence of this combination of characters in O.
Japonica, but examination of specimens shows that it has the same tendency to produce
major branches adventitiously from the midrib and also possesses an extensive system of
prostrate branches. However, O. japonica normally exhibits urregularly to alternately
bipinnate branching and there is no mention of ramisympodial branching in the

- descriptions of this species (Harvey 1859, Akatsuka 1986b). Likewise, the
ramisympodial tendency of branching in O. pristoides appears to be the exception rather
than the rule and is most often an artifact caused by injury to the dominant axis stunting
its growth and allowing a lateral to overtop it and assume secondary dominance.
Overtopping due to injury of dominant axes is not uncommon and is seen throughout
Gelidium. The system of indeterminate prostrate branches is also present in most
Gelidium species though not always as extensive as in Onikusa pristoides. Consequently,

~ this combination of characters is not unique to Onikusa.

Morphological characters as well as rbcL sequence data indicate that Onikusa japonica is
not closely related to the other Onikusa species. The sporophyte generation of 0.
Japonica always produces tetraspores (Akatsuka, 1983) whereas that of O. pristoides
produces bispores {Carter, 1985), and the characteristic serrulae of O. pristoides do not
occur in O. japonica (Akatsuka, 1983). Analyses of the rbcL sequence data resolve
Onikusa species in two different strongly supported clades that are well separated in the
rbcL phylogeny (Fig. 1.1). The polyphyly of species currently included in Onikusa and
the lack of morphological synapomorphies for any combination of Onikusa species
indicates that it is an artificial assemblage and that it should be reincorporated into
Gelidium.
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Norris (1992a) proposed the name Onikusa foliacea to describe an alga forming a mostly
monospecific turf, documented to occur along the central and southern KwaZulu-Natal
coastline in South Africa. Carter (1986) mentioned a similar turf alga that occurred in his
study sites along the Eastern Cape Province coastline of South Africa. Carter suggested
that it was an ecotype of O. pristoides or at most a variety. It has since been unclear
whether the turf investigated by Carter was O. foliacea or whether there is indeed a turf
form of O. pristoides. Carter mentioned that both the large and turf thalli had tooth-like
serrulae along the margins of their flattened fronds, a character particular to O. pristoides
and not O. foliacea (Norris, 1992b).

The turf form specimen of O. pristoides from Kidds Beach in Eastern Cape Province was
found to have an identical rbcL sequence to one of the large form O. pristoides
specimens from Port Edward in KwaZulu-Natal Province. By contrast, the O. pristoides
and O. foliacea specimens from Port Edward varied by >2.0%. These data as well as the
resolution of separate monophyletic clades corresponding to O. pristoides and O. foliacea
in phylogenetic analyses clearly shows that a turf form (ecotype) of O. pristoides exists.
This taxon is distinguishable by its midrib in well-developed blades and tooth-like

marginal serrulae in contrast to O. foliacea, which has entire to erose to crispate margins.

Suhria

Suhria is currently a monotypic genus. Swhria vittata has had a long history of
nomenclatural changes, having been placed in Sphaerococcus (C.A. Agardh 1822: 233),
Phyllophora (Greville 1830: 135), Gelidium (Kiitzing 1843: 407), Dawsonia (Bory in
Bélanger 1834:171) and even referred to as a different genus and species on occasion, i.e.
Fucus ornatus Thunberg (Thunberg 1794: 181 - in part; 1823: 753 - in part), Fucus
ciliatus Thunberg (Thunberg 1794: 181 - in part; 1823: 753 - in part; Esper 1797-1799),
Fucus caulescens Gmelin (Gmelin 1768: 173) and Delesseria caulescens Lamouroux
(Lamouroux 1813: 38)(Anderson, 1994). J. Agardh (1842) first proposed Suhria as a
nomen nudum based on Pkylfophora vittata Greville 1830, after which, Endlicher (1843)
provided the first diagnosis of the genus. During the eighteenth century seven other
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species were included in SuAria, but all were later removed. The diagnosis of Suhria in
Endlicher (1843) was heavily weighted on the reproductive proliferations issuing from
the blade and was very general in its description. The structures described occur
throughout the Gelidiaceae. Agardh (1823) described the holdfast of S. vittata (as
Sphaerococcus vittata C. Agardh) as a "radix callosa", or callose root, hinting at its
discoid nature. Fan (1961) maintained the generic status of Suhria based on the presence
of the discoid holdfast being unique within the Gelidiales, but this may alternatively be

considered simply a species specific character state.

Suhria vittata is resolved within a strongly supported clade of Gelidium species in rbcL
analyses (Fig. 1.1), and the presence of a discoid holdfast is the only character state
unique to this taxon, Given this information, the maintenance of Suhria as a monotypic

genus is not warranted and it should be reincorporated into Gelidium.
Synapomorphies for a ‘Suhria clade’?

If a morphological synapomorphy for the ‘Suhria clade’ were found the clade could be
recognized at the genus level, in which case the name Suhria would have priority and be
applied to all of the species within the clade. Of the characters that have been proposed
in the past, only bispore production and the nature of gonimoblast/nutritive filament cell

fusions remain as possible morphological synapomorphies for the 'Suhria clade.’

Bisporangia have been reported to occur in four of the eight species that are resolved in
this clade, i.e. Onikusa foliacea, O. pristoides, Suhra vittata and Gelidium micropterum.
The species for which the presence of bisporangia has not been reported may not have

been studied with the specific objective of looking for bisporangia.

Freshwater et al (1995) suggested that the presence of a large post-fertilization fusion cell
could be another possible synapomorphy. It was stated that Fan (1961) and Hommersand
and Fredericq (1990) demonstrated that the fusion of the carpogonium with adjoining

cortical cells results in the formation of a large fusion cell, a feature that could be a
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synapomorphy for the Suhria complex. However, Fan (1961) reported the occurrence of
fusion celis in all members of the Gelidiales that were investigated: In addition to 5.
vittata, he found them to occur in Gelidium robustum (Gardner) Hollenberg et Abbott (as
G. cartilagineum var. robustum Gardner), Onikusa japonica (as G. japonicum (Harvey)
Okamura), Ptilophora subcostata (Okamura) Norris (as Beckerella subcostata (Okamura) '
Kylin) and P. pinnatifida (J. Agardh) Norris (as B. pinnatifida (3. Agardh) Kylin).
Although Fan (1961) reported that cystocarp development was very similar in the species
he studied, there may be slight differences in the development of the fusion cell and
gonimoblast that he did not document. Hommersand and Fredericq (1990) reported that a
possible difference between Gelidium and Subria cystocarp development is that terminal
gonimoblast cells either fuse specifically with the terminal cells of the nutritive filaments,
as in Gelidium pteridifolium Norris, Hommersand et Fredericq, or randomly with

terminal and intercalary cells, as in S. vittata. Tt is most probable that this difference is
only species specific and it must be studied in additional species before being considered

as a synapomorphy for the ‘Suhria clade’.

Santelices (1999) has recently reported 4 different patterns of carpospore production in a
study of 12 Gelidiales species. These patterns varied in the size of the fusion network,
shape of the carposporangia-initiating gonimoblast cell, and the arrangement and way
carposporangia are produced. One of the examined species was Onikusa pristoides but
the carposporangia-production pattern ascribed to this species was also found in Gelidium
chilense, G. rex Santelice ef Abbott, and G. pluma Loomis. These four species are
resolved in three separate species clades in molecular analyses (Fig. 1.1, and Freshwater
unpublished analyses). Although the ‘Onikusa pristoides pattern of carposporangia
production is not a synapomorphy for the Suhria clade, further investigation of the
characteristics described by Santelices (1999) may reveal synapomorphies for other

Gelidium species clades.
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CONCLUSION

Maintaining Suhria and Omikusa as genera has been shown to be untenable. There are
two possible synapomorphies for the ‘Sufria clade' that could lead to the continued use of
Suhria, however, the presence of either synapomorphy in the Suhria clade and absence in
the other rbcL clades has yet to be confirmed. Before the Suhria clade could be
recognized at the generic level, however, the clades occurring as sister groups to the
Suhria-clade in the rbcL phylogeny would have to be recognized as genera in order to
maintain monophyly in the tree. There are taxonomic problems in these basal clades that
have yet to be resolved, therefore, it would seem reasonable to work with the information
at hand to continue the process of revising the classification of the Gelidiales so that it is
practicable. Since Gelidium is paraphyletic with respect to Suhria and Onikusa, these
two genera should be reincorporated into Gelidium. The following taxonomic changes

are thus proposed:

Suhria vittata will revert to Gelidium vittatum (Linnaeus) Kitzing (1843: 407). A new

combination is here proposed for Suhria vittata forma lacerata.

Gelidium vittatum (Linnaeus) Kutzing forma laceratum (Grunow) Tronchin comb. nov.

Basionym: Sufria vittata forma lacerata Grunow, 1867. Reise der dsterreichischen Fregatte Novara um
die Erde in den Jahren 1857, 1858, 1859.. Botanischer Theil. Erster Band. Sporenpflanzen: 81.
Type locality: St. Paul Island, sin typo.

Onikusa pristoides will revert to Gelidium pristoides (Turner) Kiitzing (1843: 407). A

- new combination is here proposed for Onikusa foliacea.

Gelidium foliaceum (Okamura) E M. Tronchin comb. ef stat. nov.

Basionym: Gelidium pusillum forma foliaceum Okarmura, 1934. J. Imp. Fish. Inst. (Tokyo Fish. Inst.) 29:
38,39; pl. 17; figs 3-4; pl. 31.

Type locality: Japan, on barnacles at Shis6-dima, Scto, Prov. Kii, Okamura s.n. (iso. LD)

Synonym: Onikusa foliacea (Okamura) R E. Norris, Taxonomy of Economic Seaweeds with Reference to
Some Pacific and Western Atlantic Species, Vol. II1. 1992: 169, figs 7-10 (including Indian Ocean Record)
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- Norris, The marine red algae of Natal, South Africa: order Gelidiales (Rhodophyta). Mem. Bot. Surv. §.
Africa 61: 21, figs 10,11.

Onikusa japonica will revert to Gelidium japonicum (Harvey) Okamura, (1901: 57-60).
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CHAPTER 2

A RE-EVALUATION OF THE GENERA BECKERELLA AND PTILOPHORA
(GELIDIALES, RHODOPHYTA) BASED ON MOLECULAR AND
MORPHOLOGICAL DATA.
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INTRODUCTION

Holmes (1896) proposed a separate section of the genus Ptilophora Kitzing
(Gelidiales, Rhodophyta) containing species characterised by flattened fronds without
proliferations on the surface. Kylin (1956) erected the genus Beckerella, the absence
of proliferations on the thallus surface being the major character distinguishing it from
the genus Ptilophora. Akatsuka (1987) considered that the presence of a large-celled
inner cortex, together with the absence of surface proliferations was the most effective
criterton for distinguishing Beckerella from all other Gelidiales. For some time
previously there had been disagreement among phycologists as to the appropriateness
of using surface proliferations as a generic character in the Gelidiales, Kiitzing (1847)
having placed particular emphasis on the vegetative structure and the presence of
surface proliferations in delimiting Ptilophora. Schmitz (1894) did not consider the
presence/absence of proliferations to be a good generic character and returned
Ptilophora prolifera (Harvey) J. Agardh to Gelidium, where Harvey (1855) had
originally placed it. Papenfuss (1940) and Fan (1961) attached major importance to
the presence of surface proliferations in defining Ptilophora, but Norris (19872)
merged it with Beckerella after discovering surface proliferations in the type species
of Beckerella, B. pinnatifida (J. Agardh) Kylin. Norris (1987a) regarded the four-
layered vegetative construction of Ptilophora (including Beckerella) species, as had
been previously alluded to by other phycologists (Kiitzing 1847; Agardh 1876;
Holmes 1896; Fan 1961; Huvé 1962; Kraft 1976; Akatsuka & Masaki 1983, Akatsuka
1987), to be the major genus-defining feature, rather than proliferations, which he
regarded as probably a facultative response to epiphytic sponges.

The reclassification of Beckerella by Norris (1987a) has not been widely accepted
(Murase ef al. 1989; Silva et al. 1996; Trono 1997; Barreto ef al. 1997; Kraft et al.
1999). Akatsuka (1987) and Athanasiadis (1987), who recognised Beckerella, were
probably unaware of Norris’s (1987a) proposed change as all three papers were
published in the same year. Silva ef al. (1996) provisionally accepted both genera and
proposed the new combination Beckerella pterocladioides (Andriamampandry) P.
Silva for the species originally described as Ptilophora pterocladioides
Andriamampandry.
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Norris’s (1987a) examination of surface proliferations included only one Beckerella
and two Ptilophora species. The four-layered vegetative construction of Ptilophora
and Beckerella species has been illustrated in line drawings of varying quality but
only one photomicrograph of this character has been published (Akatsuka & Masaki
1983). In this chapter the supposed diagnostic characters of Beckerella and Ptilophora
are reassessed based on molecular analyses and more extensive morphological
investigations of external morphology and vegetative structure in numerous species
attributed to both genera. These are the first molecular analyses to include data from
species classified within Ptilophora prior to its merger with Beckerella.
Photomicrographs are also provided illustrating the characteristic four-layered

vegetative construction in five additional species.

MATERIALS AND METHODS

Molecular analyses

Specimens of fresh material used for rbcL and LSU sequence analyses were collected
from field sites and dried in silica gel desiccant (Chase & Hills, 1991). Small pieces
of dried herbarium specimens were utilised for a limited number of taxa for which
field collections were not available. Specimen collection locations are listed in Table
2.1. Total genomic DNA was extracted following the protocols of either Freshwater
& Rueness (1994) or Hughey et al. (2001). Amplification and sequencing of
chloroplast-encoded rbcL and a portion of the nuclear-encoded large-subunit
ribosomal RNA gene (LSU) was done as described in Thomas & Freshwater (2001).
The sequences of primers used in this study are those of Freshwater & Rueness (1994)
and Freshwater & Bailey (1998). Sequence data were compiled and aligned using
Sequencher (Gene Codes Corp., Ann Arbor, MI, USA) and MacClade (v. 4.0,
Maddison & Maddison 2000). Characteristics of the aligned sequence data were
determined and phylogenetic analyses were performed using MacClade and PAUP (v.
4.0b8, Swofford 2001). Refer to the CD-ROM attached for rbcL and LSU gene data
files including all the sequences analysed in this thesis.
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Two different molecular data sets were analysed in this study. The rbcL data set
included sequences from 36 taxa (29 previously published). Due to missing data at
the 5' end of many rbcL sequences the first 67 sites of the 1467 bp gene were
excluded from the analyses. The LSU data file included 24 taxa (16 previously
published) in an alignment of 1159 total sites. This section of the LSU gene contains
portions of the D and E major branches of the secondary structure model presented for
Palmaria palmata (Linnaeus) Kuntze (Auwera er al. 1998), and has been analysed in
previous studies of the Gelidiales (Freshwater & Bailey 1998; Freshwater et al. 1999,
Rico et al. in press). Phylogenetic trees were generated from these data files using

maximum parsimony, distance and maximum likelihood methods.

Parsimony analyses of the rbcL data set consisted of a two-part heuristic search.
Initially 1000 random sequence additions using MULTREES, STEEPEST
DESCENT, and nearest-neighbour interchange (INNI) branch swapping algorithm (but
keeping only 40 trees each step) were performed. Trees found in this initial search
were then swapped to completion using MULTREES, STEEPEST DESCENT and
tree bisection-reconnection (TBR) branch swapping algorithm. Parsimony analyses
of the LSU sequence data were performed with the branch-and-bound search
algorithm. Parsimony bootstrap analyses consisted of 2000 replications of 10 random
sequence additions, MULTREES and TBR (rbcL), or 1000 replications of branch-
and-bound searches (I.SU). Distance trees were generated using neighbour-joining
tree building with Tamura-Nei distances. The Tamura-Nei correction was chosen
because both data sets had an unequal frequency of bases and a purine-purine or
pyrimidine-pyrimidine transition bias. Distance bootstrap analyses consisted of 2000
replications of neighbour-joining tree building with Tamura-Nei distances. Maximﬁm
likelihood analyses were done using transition:transversion ratios of 2.60 (rbcL) and
2.25 (LSU) and empirical base frequencies. Ten random additions of sequences with
MULTREES and TBR branch swapping were used for likelihood searches of both
data sets. Likelihood bootstrap analyses consisted of 250 (rbcL) or 300 (LSU)
replications of one random 'sequence addition with MULTREES and TBR branch
swapping. Additionally, quartet-puzzling analyses of 1000 puzzlings using the same
model parameters as in likelihood searches were performed for both the rbcL. and

LSU sequence data files.

35



A combined rbcL. + 1.SU data file including the ten analysed Ptilophora and
Beckerella species plus, Capreolia implexa Guiry & Womersley as an outgroup, was
used for constrained analyses. Branch-and-bound parsimony searches were
performed with and without constraining the resulting tree to include separate

monophyletic clades for Ptilophora and Beckerella species.

Morphological observations

The occurrence of surface proliferations was investigated using a Wild stereo
dissecting photomicroscope. To determine whether there were differences between
the surface proliferations of putative species of Ptilophora and Beckerella, the
external morphologies were noted. Comparisons were also made of the internal
structures of surface proliferations in Ptilophora diversifolia (Suhr) Papenfuss, P.
prolifera, Beckerella scalaramosa Kraft and B. hildebrandtii (Hauck) Kylin by

cutting transverse and longitudinal sections of their apical and basal portions.

In order to determine whether the four tissue layers were unique to species of
Ptilophora and Beckerella but absent in all other Gelidiaceae, transverse sections
were cut from second-order laterals in Ptilophora, Beckerella, and large thalli of other
genera, and from proximal regions of primary axes in small and turf-like species

(Table 2.1).

Changes in vegetative structure with thallus age were investigated by cutting
transverse sections in apical (within 2 mm of the branch apex), subapical (about 5 mm
from the branch apex) and proximal (second-order branches and main axes) regions of
indeterminate axes. Observations of this nature were made in P. prolifera, Beckerella
subcostata (Okamura) Kylin, B. pectinata (A. Gepp & E.S. Gepp) Fan & Papenfuss

and B. scalaramosa.
All sections were cut by hand from pressed or silica-dried material. Sections were

stained with 1% aniline blue stain, fixed in 50% Karo™ solution, and observed under

a Zeiss compound photomicroscope.
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Table 2.1. Collection locality of taxa included in morphological analyses (Morph) and molecular
analyses (Mol) of rbcL and LSU sequences.

Species Collection location Morphology
Beckerella hildebrandtii Mombassa, Kenya (holotype) Morph

B. hildebrandiii Tiger Reef, Bhanga Neck, KwaZulu-Natal, South Africa Mol

B. mediterranea Cape Matapan, S. Peloponnesus, Greece (isotype) Morph/Mol

B. pectinata Maroubra Bay, New South Wales, Australia (holotype) Morph

B. pinnatifida Protea Banks, KwaZulu-Natal, South Africa Morph

B. pinnatifida Sharks Bay, Port Alfred, Eastern Cape, South Africa Mol

B. prerociadioides Mokala, Madagascar (holotype) Morph/Mol

B. rumpii Richards Bay, KwaZulu-Natal, South Africa (holotype) Morph

B. scalaramosa Bulusan, Luzon, Philippines Morph/Mol

B. subcostata Chiba, Japan Morph

B. subcostata Fujisawa, Kanagawa, Japan Mol

B.sp.! Protea Banks and Pahm Beach, KwaZulu-Natal, South Africa Morph/Mol
Ptilophora diversifolia Protea Banks, KwaZulu-Natal, South Africa Morph/Mol

P. prolifera Cawaramup Bay, Western Australia, Australia Morph

P. rhodoptera Protea Banks, KwaZulu-Natal, South Africa Morph/Mol

P spissa ‘Omsameulo’, S. KwaZulu-Natal, South Africa Morph

P.sp. Protea Banks, KwaZulu-Natal, South Africa Morph/Mol
Acanthopeltis japonica Chikura-Town, Chiba, Japan Morph
Capreolia implexa Port Philip Bay, Victoria, Australia Morph/Mol
Gelidium asperum Warnambool, Victoria, Australia Morph

G. abbottiorum Breezy Point, Eastern Cape, South Africa Moiph

G. canariensis Puerto de la Cruz, Tenerife, Canary Islands Mol {(rbcl. only)

G. capense Storm's River Mouth, Eastern Cape, South Africa Meorph

G. capense False Bay, Cape Peninsula, South Africa Mol (rheL only)

G. caulacantheum Porirua Harbor, North Island, New Zealand Morph/Mol

G. chilense Tongoy Bay, Coquimbo, Chile Morph

G. coulteri Pacific Grove, California, USA Morph

G. coulteri Balboa Peninsula, Orange Co., California, USA Mol (rhcl. only)

G. crinale Masonboro Inlet, Notth Carolina, USA Mol

G. divaricated Tokawa, Choshi, Chiba, Japan Mol (shel only)

G. floridunum Sebastian Inlet, Florida, USA Mol

G. floridanwn Praia de Peruibe, Estado de Sao Paulo, Brazil Morph

G. japonicum Cyoshi-City, Chiba, Japan Morph

G. japonicum Keelung, Tawain Mol

G. latifolium Portstewart, Co. Londonderry, Northern Ireland Morph

G. latifolium Plouguerneau, Brittany, France Mol

G. microdonticum Cahuita, Limon, Costa Rica Mol (rbeL only)

G. micropterum Clovelly, False Bay, Cape Peninsula, South Africa Morph

G. micropterum
G. pacificum
G. pluma

Kommetjie, Cape Peninsula, South Africa
Matsugahana, Amatsukominato, Chiba, Japan
Hilo, Hawai'i, Hawaiian Islands

Mol (rbclL. only)
Mol (rbcL only)
Mol (rbcL only)

G. pristoides Clovelly, False Bay, Cape Peninsula, South Africa Morph

G. pristoides False Bay, Cape Peninsula, South Africa Mol

G. pteridifolium Isipingo, Kwazulu-Naial, South Africa Morph

G. pulchellum Fanare, Co. Clare. Ireland Morph

G. pusillum Ambletusa, France Morph

G. pusitlum Cancale, Brittany, France Mol (rbcL only)

G. puyitlum Fedje, Norway Mol

G. rex Tongoy Bay. Coquimbo, Chile Mol (vbel only)

G. sesquipedale Biarritz. France Morph

G. sesquipedale Aramar, Asturias, Spain Mol

G. serrulatum Mochimo, Venezuela Mol

G. vagum Iwate, Japan {Shimada ef al. 1999) Mol (rbeL only)

G. vittatum Oudekraal, Cape Town, South Africa Morph

G. sp. Piha, North Island, New Zealand Mol (tbeL only)
Prerocladia lucida Owhiro Bay, South Wellington, New Zealand Morph/Mol
Prerocladietla bartlettii Cahuita, Limon, Costa Rica Morph

P. bartlettii Port Aransas, Texas, USA Mol

P. cacrulescens Sandy Beach, Oahu, Hawaiian Islands Morph

P. capillacea Couesloe Reef, Perth, Western Australia. Australia Morph

P. capillaceu Tormre a Mare, Bari, haly Mol

P. melanvidea Mallorca, Spain Mol

"This specimen was misidentified when collected and originally published as Ptilophora pinnatifida
(Freshwater et al. 1995).
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RESULTS

Molecular Analyses

The analysed rbcL data set included 36 species and 1400 nucleotide sites. 516 sites
(36.9%) were variable and 407 (29.1%) were parsimony-informative. This data set
had an unequal frequency of bases (A=30.9%: C=16.7%; G=21.2%; T=31.2%), a
transition:transversion ratio of 2.6, and a bias towards pyrimidine-pyrimidine
transitions (61.7%). Parsimony searches resulted in three minimal trees of 1632 steps
(Fig. 2.1). Trees derived from distance; maximum likelihood and quartet puzzling
analyses differed only in the position of some individual Gelidium species and clades
of Gelidium species. A clade consisting of all Ptilophora and Beckerella species was
resolved with strong bootstrap support in all analyses. The topology within the
Ptilophoral/Beckerella clade was identical in parsimony and maximum likelihood
trees and varied only by the position of B. pterocladioides in distance and quartet
puzzling trees. Beckerella was paraphyletic with respect to Prilophora in all analyses

of rbcL data.

The analysed LSU data set included 24 taxa and 1159 sites. Insertion-deletion
mutations (indels) occurred at 11 sites within the alignment, but no single indel
included more than two sites. Due to the small size of indels, sites coded as gaps
were treated as a fifth base in parsimony analyses. The LSU alignment included 129
variable sites (11.1%), of which 91 (7.9%) were parsimony-informative. Base use
was uneven (A=23.9%; C=21.6%; G=30.9%; T=23.6%), and there was a
transition:transversion ratio of 2.25, with a small bias towards purine-purine
transitions (54.5%). Parsimony searches of the LSU data set found one minimal tree
of 202 steps (Fig. 2.2). Tree topologies resulting from distance, maximum likelihood
and quartet puzzling analyses did not differ significantly from the parsimony trees. In
all types of searches a monophyletic Prilophoral/Beckerella clade was moderately to
strongly supported by bootstrap analyses. Beckerella was paraphyletic with respect to

Ptilophora in all analyses.

Parsimony analysis of the combined rbcL + LSU data file (11 taxa, 2559 sites, 310

variable sites and 127 parsimony informative sites) for Ptilophora and Beckerella
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Fig. 2.1. One of three minimal trees (length [L] = 1632; consistency index [CI] = 0.316) resulting from parsimony
searches of rbel, sequences from 36 Gelidiales species. Branches not present in all minimal trees are represented by
dashed lines. Bootstrap support (%) and quartet puzzling reliability values are given for branches when greater than 70
(P = parsimony; D = distance; Q = quartet puzzling; L. = maximum likelihood). Scale = 10 changes.
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species resulted in a single minimal tree of 252 steps (Fig. 2.3). Parsimony analysis
of this same data file that was constrained to resolve separate monophyletic
Ptilophora and Beckerella clades resulted in a single minimal tree of 279 steps. This
is a penalty to parsimony of 27 steps, which is 9.68 % of the unconstrained parsimony

tree length.
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Fig. 2.3. Minimal trees resulting from two separate parsimony searches of combined rbcL and LSU
sequence data from 10 species within the Plilophora/Beckerella clade and Capreolia implexa as an
outgroup. One search was unconstrained (tree length = 252, CI = 0.504; informative sites only) and the
other was constrained (tree length = 279, CI = 0.455; informative sites only) to resolve separate
monophyletic clades for Ptilophora and Beckerella. Branch lengths are indicated above internodal
branches.

Morphological Observations

Nine of the 14 examined species of Ptilophora and Beckerella were found to have
surface proliferations {viz. Ptilophora spissa (Suhr) Kiitzing, P. diversifolia (Fig. 2.4),
P. rhodoptera Norris, P. prolifera, Ptilophora sp., Beckerella pinnatifida (Fig. 2.5), B.
hildebrandtii (Fig. 2.6), Beckerella sp. and B. scalaramosa]. Three species,
Ptilophora spissa, P. diversifolia and P. prolifera were similar in that they had a very
extensive covering of surface proliferations. Ptilophora spissa produced scale-like

and ligulate proliferations on the midrib and crenate frond margins, P. diversifolia
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Fig. 2.4. Prilophora diversifolia. Branches covered in a sponge epiphyte. Only the distal fronds have
smooth surfaces (arrowheads) free from surface proliferations and sponge. Scale = 1 cm. Fig. 2.5.
Beckerella pinnatifida. A branch with two surface proliferations (arrowhead) issuing from the midrib.
Scale = 1 mm. Fig. 2.6. Beckerella hildebrandtii. A main axis with surface proliferations (arrowhead)
along its length. Scale =1 mm.

(Fig. 2.4) and P. prolifera produced proliferations as described in Norris (1987a) and
Womersley & Guiry (1994) respectively, and Ptilophora sp. produced ligulate, often
pinnate, proliferations arranged in an irregular fashion on the surface of the frond.
Ptilophora rhodoptera produced short cylindrical and ligulate proliferations either
centred or just to the side of the midrib, although these were relatively few in number
(three in total on a 4 cm long frond for example). Similarly, proliferations occurring
on Beckerella pinnatifida (Fig. 2.5) and B. hildebrandtii (Fig. 2.6) were rare although

many surface proliferations have been reported from sponge-covered specimens of B.
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pinnatifida (Norris 1987a). Surface proliferations in B. pinnatifida were mostly
cylindrical while those in B. hildebrandtii were ligulate or sometimes pinnate. Only
one of eight specimens of Beckerella sp. was found to produce surface proliferations,
these consisting of two compressed and pinnately branched enations. Two types of
proliferations were found on B. scalaramosa, those produced distally on the thallus
and those in proximal regions. The former, observed in one specimen, were
subcylindrical to cylindrical, sometimes branched, from 4-20 mm in length, and all
borne about 5 cm from the base of a second-order branch. They were less pigmented
than the bearing branch as they had a single-layer outer cortex. The latter were
minute (+ 550 pm long, £ 150 um in diameter at their base), only produced on the

basal 1-1.5 cm of the main axes, and had an acute apex with a dividing apical cell.

A four-layered vegetative structure was clearly visible in proximal transverse and
longitudinal sections of the older and more developed surface proliferations from
species of both Ptilophora and Beckerella (Fig. 2.7). Short proliferations (< 1mm in
length) consisted almost entirely of cortical cells and lacked medullary filaments, as
did apical parts of longer proliferations.

Fig. 2.7. Beckerella hildebrandtii. Transverse section through
the base of a small surface proliferation. (OC) Outer cortex;
(R) rhizine layer; (IC) inner cortex; (M) medulla. Scale = 50
pm

In longitudinal and transverse sections of second order branches, all the species of
Ptilophora and Beckerella had a vegetative structure comprised of four different
concentric tissue layers (Figs. 2.8-2.12). The outer cortex consisted of one layer of
tiny, heavily pigmented cells, which were most often quadrangular or elongated
anticlinally. Beneath this layer were rhizines that were directed longitudinally
towards the base of the thallus (Fig. 2.8). The rhizines were so numerous, tightly
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packed and contained between the peripheral layers of pigmented outer cortical cells
and the inner cortex that they constituted a veritable tissue (Figs. 2.9-2.12). Filaments
(generally four to five cells long) of pigmented, angular to elongate cortical cells
traversed the band of rhizines, tending to be anticlinally arranged, conferring a
bundled appearance to the rhizines (Fig. 2.11). The inner cortex generally consisted of
two to four layers of large cells, spherical to elliptical in shape and periclinally
arranged when viewed in transverse sections (Figs. 2.9-2.12), but could even be six
cell layers thick as was found in some specimens of P. diversifolia. The core was
comprised of a filamentous medulla consisting of long, thick-walled cells that were
more or less cylindrical and orientated longitudinally to the thallus axis (Fig. 2.9},
Scattered within the medulla of all species except for B. pectinata, B. scalaramosa
and P. prolifera were thinner walled cells with much larger lumens, approximating
the appearance of the inner cortical cells. Rhizines were absent from the inner cortex
and medulla of most studied sections. Transversely oriented rhizines encircling the
inner cortical cells were observed in P. prolifera, B. subcostata, B. scalaramosa (Fig.
2.10), B. pectinaia, B. pterocladioides and B. biserrata (Bergesen) Fan & Papenfuss.
In nine of the twelve species of Prilophora and Beckerella examined, rhizines were
also found to occasionally traverse the inner cortex and intertwine with the medullary
filaments. The rhizines were normally scarce when this occurred but they were found
to be numerous in the inner cortex and medulla of B. pectinata and B. pterocladioides.
The original descriptions and illustrations of B. irregularis Akatsuka & Masaki
{Akatsuka & Masaki, 1983) and B. biserrata (Bergesen, 1943) were referred to since
no material of these two species was available for sectioning. Both species were found

to have a vegetative structure that agreed with the pattern described above.

The distinctness of the four tissue layers varied with the age of the thallus section
examined. In apical transverse sections of Prilophora prolifera, Beckerella
subcostata, B. pectinata and B. scalaramosa the outer cortex was one cell layer thick.
The cortical filaments were disorganised and not yet anticlinally arranged, but
nevertheless conferred a bundled appearance to the dense band of rhizines beneath.
The border between the rhizine band and inner cortex was distinct. The inner cortex
comprised the majority of the vegetative structure and consisted of variably sized

ovoid to elliptical cells that were bigger and thicker-walled than the outer cortical
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Fig. 2.8. Beckerella subcostata. Longitudinal section of second-order branch. (OC) Outer cortex; (R)
rhizine layer; (IC) inner cortex; (M) medulla. Scale = 50 pm. Fig. 2.9. Beckerella subcostata.
Transverse section of second-order branch. (OC) Outer cortex; (R) rhizine layer; (IC) inner cortex; (M)
medulla. Scale =25 pm. Fig. 2.10. Beckerella scalaramosa. Transverse section of second-order branch
with transversely oriented rhizines (arrowhead) in the inner cortex. Scale = 50 pm. Fig. 2.11.
Beckerella pinnatifida. Transverse section of second-order branch with anticlinal filaments of
pigmented cortical cells (arrowhead) traversing the rhizine layer. Scale = 50 pm. Fig. 2.12. Ptilophora
diversifolia. Transverse section of second order branch with an inner cortex four cell-layers thick
(bracketed). Scale = 50 um

cells. The medulla was indistinct apically. Rhizines were only found scattered
throughout the core in B. scalaramosa and Ptilophora prolifera and running
transversely between cells in P. prolifera. There was no midrib at this point in the
thallus. Subapically, the rhizine layer was thicker and the filaments of angular
pigmented cells traversing the rhizine layer consequently more distinct. In some
sections, a medulla became discernible at a point coinciding with the formation of a
midrib. Isolated clusters of rhizines occurring mostly towards the margins in flattened
blades were sometimes found in the medulla. The four-layered vegetative structure
was present in all transverse sections of second-order branches. In transverse sections

of proximal parts of the main axis the outer cortex of small, pigmented cells was a
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few cell layers thick. The rhizine band was considerably thicker and the anticlinal
rows of pigmented cortical cells were no longer distinct. Numerous rhizines were
directed transversally in the inner cortex, obscuring the elliptical cells in this region.
Rhizines were also more numerous in the medulla. Consequently, the stratified
vegetative structure seen in higher-order branches was less distinct. The stratified
structure may be lost entirely in the basal parts of main axes, consisting instead of
homogenously distributed pigmented cortical cells in a network of transversely and

longitudinally oriented rhizines.

None of the examined members of the Gelidiaceae, apart from Ptilophora and
Beckerella, had the characteristic vegetative structure described above, as all lacked
the inner cortical layer of large elliptical to spherical cells. A distinct rhizine band
concentrated between the outer cortex and medulla and traversed by inner cortical
cells was only observed in Gelidium pteridifolium R E. Norris, Hommersand &
Fredericq, G. sesquipedale (Clemente) Thuret and G. asperum (C. Agardh) Greville.
All species except G. sesquipedale and G. asperum also had rhizines interspersed
throughout the medulla. In Prerocladia lucida (R. Brown ex Turner) J. Agardh,
Acanthopeltis japonica Okamura and Gelidium vittatum (Linnaeus) Kitzing, rhizines
were concentrated mostly in the medulla. The vegetative structure of Prerocladia
lucida, Gelidium coulteri Harvey, G. chilense (Montagne) Santelices & Montalva, G.
pulchellum (Tumer) Kiitzing, G. latifolium Bormet ex Hauck, G. caulacantheum J.
Agardh, G. japonicum (Harvey) Okamura and G. vittatum was not stratified into
distinct tissue types. Gelidium asperum most closely approximated the vegetative
structure of Ptilophora but had a homogenous mix of thick-walled elliptical
medullary cells of large diameter and thick-walled cylindrical medullary cells that
were much smaller in diameter. In longitudinal section, both types of cells were
longitudinally elongated and roughly the same length. Gelidium abbottiorum R E.
Norris had a distinct rhizine band traversed by anticlinally arranged filaments of inner
cortical cells, much like that seen in species of Pfilophora and Beckerella.

DISCUSSION

Surface proliferations were observed in all five species of Ptilophora and also four of

the nine Beckerella species examined in this study. This character is therefore
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inadequate for distinguishing between Ptilophora and Beckerella. The morphology
and density of surface proliferations varies among those species that posses them.
Ptilophora prolifera, P. spissa and P. diversifolia produce a large number of surface
proliferations but show variation in proliferation arrangement and morphology.
Relatively few surface proliferations of similar morphology were found on specimens
of P. rhodoptera, Beckerella hildebrandtii and B. pinnatifida. The two undescribed
species included in this study were provisionally assigned to Ptilophora or Beckerella
baséd on the presence or absence of surface proliferations. Ptilophora sp. produced
numerous surface proliferations similar in morphology to those of P. prolifera,
although only two surface proliferations were found on one of the eight Beckerella sp.
specimens examined. Due to the length and single-layered outer cortex of the distally
occurring surface proliferations of B. scalaramosa, these are interpreted as
adventitious rhizoids like those produced on frond margins of B. mediterranea. The
proliferations produced proximally on this species, also described in Kraft (1976), are
more than likely rhizoidal primordia as they are only produced at the base of axes and
are similar in morphology to the rhizoidal primordia observed on rhizoids of the same
specimen. No consistent differences between Ptilophora and Beckerella were found
in the external morphology or vegetative structure of surface proliferations, and the
noted differences in surface proliferation morphology and arrahgement are probably
species specific. The observed within-species variation in surface proliferation
characteristics may be the product of specimen age or environment, and indicates that

morphological character states need to be assessed over a broad range of specimens.

Phylogenetic analyses of DNA sequence data from the chloroplast-encoded rbcL and
nuclear-encoded L.SU genes indicate that Ptilophora and Beckerella are not separate
monophyletic groups. In all analyses Beckerella was paraphyletic with respect to
Ptilophora, a relatively large penalty to parsimony being necessary to resolve
Ptilophora and Beckerella as separate monophyletic clades. Based on these
molecular data and the inconsistency found in the key morphological character
distinguishing Ptilophora and Beckerella, their maintenance as separate genera is

untenable.

Although Ptilophora and Beckerella were not resolved as separate monophyletic

clades in molecular analyses, species of both genera are resolved together in a single
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monophyletic clade. A 'Ptilophora’ clade was also resolved in previous molecular
analyses that included only two or three species referable to Beckerella (Freshwater ef
al. 1995; Freshwater & Bailey 1998; Thomas & Freshwater 2001). This study
includes a more representative sampling of both Ptilophora and Beckerella species
and resulted in a strongly supported Ptilophora/Beckerella clade in the rbcL tree and,
depending upon the tree-building method, a moderately to strongly supported clade in
the LSU tree.

Morphological comparisons of Gelidiales species show that only species of
Ptilophora and Beckerella have a vegetative structure characterised by four distinct
and concentric layers of homogeneous tissue types. The presence of an inner cortex of
inflated cells was especially characteristic of both genera. Species differed
predominantly in the thickness of the rhizine band and inner cortex and the size of the
inner cortical cells. It was not determined whether these differences were species
specific or indicative of different thallus ages or of environmental conditions
experienced during growth. Vegetative structure instead of cystocarpic structure is the
only known morphological synapomorphy for the species of Pfilophora and
Beckerella at this stage.

The distinctive vegetative structure of Ptilophora and Beckerella is most clearly
visible in mature regions where the thallus has a midrib or is thicker and less
flattened, especially in B. irregularis, which lacks a midrib (Akatsuka & Masaki,
1983). It is suggested that transverse sections of second-order branches be made to
confirm generic identification since the anatomy of the oldest parts of thalli are

complicated by increased cortication.

The results of this study support the conclusion drawn by Norris (1987a) that
Ptilophora and Beckerella are congeneric. The species of Beckerella are maintained
in Ptilophora, and Ptilophora now contains 14 species (Table 2.2). Norris’s (1987a)
emendation of Ptilophora was concise, comprehensive and needs not be repeated here
except to note an increase in the stated maximum size of thalli from 0.5 to 1 meter
based on P. subcostata (Okamura 1909).
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Table 2.2. List of species currently included in Ptilophora, with corresponding nomenclatural

authorities.

Prilophora biserrata {Bgrgesen) R.E. Norris 1987a: 256

Ptilophora diversifolia (Suhr) Papenfuss 1940: 214-216

Ptilophora hildebrandtii (Hauck) R.E. Norris, 1990: 133-134
Ptilophora irregularis (Akatsuka & Masaki) R.E. Norris 1987a: 256
Piilophora mediterranca (H. Huvé) R.E. Norris 1987a: 258
Ptilophora pinnatifida J. Agardh 1885: 79

Ptilophora prolifera (Harvey) J.Agardh 1876: 555

Piilophora pterocladioides Andriamampandry 1988: 244-247
Ptilophora rhodoptera R.E. Norris 1987a: 254

Ptilophora rumpii (Dickinson) R.E. Norris 1987a: 254-256
Prilophora scalaramosa (Kraft) R.E. Norris 1987a: 258

Ptilophora spissa (Suhr) Kitzing 1847: 25

Ptilophora subcostata (Okamura) R.E. Norris 1987a: 258
Ptilophora pectinata (A. & E.S. Gepp) R.E. Norris 1987a: 252 (including Beckerella helenae
(Dickinson) Fan & Papenfuss, Norris 1992)

The recent merger of Beckerella with Ptilophora (Norris 1987a), Yatabella Okamura
with Acanthopeltis Okamura in Yatabe (Shimada et al., 1999) and the merger of
Onikusa Akatsuka and Suhria J. Agardh in Endlicher with Gelidium (Chapter 1) leave
eight recognised genera within the Gelidiales. Further study of Acanthopeltis,
Capreolia Guiry & Womersley and Porphyroglossum Kiitzing are necessary to
determine the status of these genera within a phylogeny-based natural classification

system of the Gelidiales.
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CHAPTER 3

TWO NEW SPECIES OF GELIDIALES (RHODOPHTA) FROM SOUTH
AFRICA, PTILOPHORA LELIAERTII AND PTILOPHORA COPPEJANSII



INTRODUCTION

The concept of Ptilophora is clearly defined in Norris (1987a). In summary,
Ptilophora is characterized by a large distichously branched frond (sometimes bearing
minute surface proliferations). It usually has a distinct midrib in proximal parts, and is
attached to the substratum by a fibrous, often robust, holdfast. Plants have a
characteristic four-layered vegetative structure including a well defined, large-celled
inner cortex of anticlinally arranged, round to elliptical cells in transverse section.
Ptilophora species generally lack single discrete defining characters and are instead
defined by a combination of external morphological characters such as frond width,
pinnule shape, the distinctiveness of the midrib, branching pattern, maximum branch
order, and the distance of ramuli from the axis. Although cell dimensions and other
details of the vegetative structure have often been provided in the species
descriptions, they have not been used as diagnostic characters for any of the species.

The recent taxonomic research on Ptilophora (Norris 1987a, 1990b, 1992b) focused
on the species occurring along the coast of the KwaZulu-Natal Province (KZN) of
South Africa. Consequently, the species that occur in this region are well described
and most have been repeatedly collected. This previous research greatly facilitated in
the identification of two new species endemic to this area, namely Ptilophora
czoppejansii Tronchin and Ptilophora leliaertii Tronchin, described here from Protea
Banks Reef situated off the coast of southemn KZN (Fig. 1). The species delimitations
have been based on specific attributes of external branch morphology and strong
molecular support from DNA sequence data. This is the first time that species in the
genus Prilophora have been proposed with the support of molecular data. Ptilophora
leliaertii has previously been misidentified as Ptilophora pinnatifida (Freshwater et
al. 1995, Bailey & Freshwater 1997, Freshwater & Bailey 1998, Freshwater ef al.
1999, Thomas & Freshwater 2001, Rico et al. 2002) and referred to as Beckerella sp.
in chapter 2 where Ptilophora coppejansii was also referred to as Ptilophora sp.

Ptilophora helenae (Dickinson) Norris, a pectinate species reported only from
Mission Rocks and beach-cast drift at Richards Bay along the northern KZN
coastline, was placed in synonymy with Ptilophora pectinata (A. Gepp & E. Gepp)
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Norris from Australia by Norris (1992b) due to a lack of reliable differences between
the species. Prilophora helenae is resurrected in this chapter based on molecular and

morphological data.
MATERIALS AND METHODS

Morphological observations

Specimens of the new species were obtained during dives on Protea Banks Reef
during August of 1999, January and June of 2000 and February of 2001. Additional
specimens were examined from the herbaria of the University of Natal (NU) and
University of Cape Town (BOL). These specimens were compared to specimens of all
currently accepted Prilophora species, either collected on the same field trips
(including pressed, wet preserved or silica gel dried material) or from national and
international herbaria (including nine type specimens). Observations of whole
specimens were made using a Wild M 10 stereo dissecting photomicroscope and
photos were taken with an Olympus Camedia digital camera. Hand sections were cut
from pressed or silica dried specimens, stained with 1% aniline blue stain and
preserved in a 50% Karo™™ solution. Photos of sections were taken with an Olympus
DP50 digital camera mounted on a Leitz Diaplan compound photomicroscope. Using
image analysis software (UTHSCSA Image tool v. 3), morphometric data were
obtained from various specimens of P. leliaertii and P. ‘pectinata’ from South Africa

and Australia, including the type specimens of both species.

Molecular analyses

Specimens used for rbcL and LSU gene sequence analysis were collected from field
sites and dried using silica gel desiccant. Samples were also taken from herbarium
specimens including type material. For the protocol used for total genomic DNA
extraction, rbcL. and LSU gene amplification and sequencing, sequence alignment and
the determination of data characteristics, refer to the materials and method section of
chapter 2. Refer to the CD-ROM attached for rbcL. and LSU gene data files including

all the sequences analysed in this thesis.



Distance, maximum parsimony and maximuin likelihood analyses were performed on
rbcL and LSU data files using PAUP (v. 4.0b10, Swofford 2001). Eighteen sequences
(including 5 previously published) were included in analyses of the rbcL sequence
data, and 13 sequences (including 9 previously published) in analyses of the partial
LSU sequence data. Due to missing data at the 5 ends of rbcL and LSU sequences,
the first 67 sites of the 1467 bp rbcl gene and first 7 sites of the 1150 bp LSU
alignment were excluded from the analysis such that at feast 50% of the sequences

had complete data at the 5” end.

Distance trees were generated using neighbour-joining tree building with Tamura-Nei
distances. The Tamura-Nei correction was used since both data sets had an unequal
frequency of bases and a purine-purine or pyrimidine-pyrimidine transition bias.
Distance bootstrap analyses consisted of 2000 replicates of neighbour-joining tree
building with Tamura Nei distances. Maximum parsimony analyses of the rbcL
sequence data consisted of a heuristic search performing 1000 random sequence
additions (holding 50 trees at each step during stepwise addition) using the tree-

. bisection-reconnection (TBR) branch-swapping algorithm with MULTREES and
STEEPEST DESCENT options in effect. Decay indices were determined based on
strict consensus analyses of cladograms found by relaxing parsimony sequentially,
one step at a time, up to five steps (Freshwater and Rueness, 1994). Maximum
parsimony analyses of the LSU sequence data were performed with the branch-and-
bound search algorithm, simple sequence addition and the MULTREES option in
effect. Maximum parsimony bootstrap analyses of the rbcl. data consisted of 1000
replications of heuristic searches with simple sequence addition, MULTREES,
STEEPEST DESCENT, and TBR. For the LSU sequence data, 1000 replications of
branch-and-bound searches with simple sequence addition and MULTREES were
used. Optimality criteria for maximum likelihood analyses were determined with
Modeltest v. 3.06 (Posada & Crandal 1998). Maximum likelihood analyses of rbcL
and LSU sequence data consisted of 10 separate searches of random sequence
additions with TBR branch swapping and MULTREES. Maximum likelihood
bootstrap analyses consisted of 300 (rbcL) or 500 (LSU) replications of one random
sequence addition, with MULTREES and TBR branch swapping. Quartet-puzzling |
analyses of 1000 puzzlings were performed on the LSU sequence data using the same

model parameters as in likelihood searches.



RESULTS

Ptilophora leliaertii Tronchin nom. prov.

Description

Plants up to 35 cm tall arising from a fibrous holdfast of robust, terete parts.
Decumbent, branched rhizoids may develop proximally on the main axis and lower
branches. Rhizoids cylindrical producing brush-like anchoring haptera at their ends.
Lower axis cylindrical (ca 2 mm in diameter) becoming narrowly alate in lower
branches and flattened and concave in the pinnate reaches with midrib less distinct.
Up to six orders of regular distichous, compound pinnate, opposite to alternate
branching. Flattened branches mostly 1.5-2 mm broad and fairly uniformly spaced, 1-
2 mm apart. Branch apices rounded or tapered to a sharp point particularly in young
or primordial pinnae. Branches concave, and except for ultimate pinnae, are generally
broader (up to 30%) than their bearing branch and roughly as wide at their base as the
bearing branch. Surface proliferations are uncommon. Plants have a four-layered
vegetative structure. Quter cortical cells round to quadrangular, surrounding a distinct
band of thick-walled rhizines traversed by anticlinal rows of outer cortical cells. Inner
cortex 3-4 layers thick, cells periclinally arranged, round to elliptical. Medulla
filamentous. Fertile structures borne terminally or subterminally on lateral branchlets.
Cystocarps are bilocular and usually have a distal protuberance. Spermatangial and
tetrasporangial sori elliptical, borne on short, slightly swollen branchlets. Tetraspores

cruciate.

Etymology: This species is named after Frederik Leliaert of the Phycology Research
Group at Ghent University, for having collected the first attached specimen of the
species, all previously collected specimens having come from beach-cast drift.
Holotype: 34657 (BOL), ET16 (Fig. 3.1), collected by E.M. Tronchin on 4 February
- 2001

Type locality: Protea Banks Reef (7.5 km offshore from Shelly Beach), KwaZulu-
Natal Province, South Africa.
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Distribution: Known only from the type locality and drift at Uvongo beach (5 km
north of Shelly beach).

Specimens examined: Protea Banks (KZN), Southern Pinnacle, -34 m; Leliaert et al.;
20 viii 1999; KZN 881 (GENT, BOL). Protea Banks, Southern Pinnacle, -37 m;
Tronchin; 4 ii 2001; 99068 (BOL). Protea Banks, Northern Pinnacle, -35 m;
Anderson and Bolton; 29 vi 2000; KZN 1857 (GENT). Location unknown; Simons;
1966; 109599 (BOL). Protea Banks, Southern Pinnacle, -34m; Leliaert; 20 viii 1999;
512 (BOL) - wet preserved. Palm Beach (KZN) - drift; Hommersand; 23 vii 1993; s.n.
Uvongo Rocks (drift); Pocock; | xi 1951; 10090 (GRA).

Ecology

This species was collected from Protea Banks Reef between -34 m and -37 m attached
to exposed flat reef surfaces in mixed algal beds at Northern Pinnacle (S 30.49.616 E
30.29.418); and Southern Pinnacle (S 30.50.319 E 30.28.885), and turf-covered reef
outcrops at Southern Pinnacle. Algae form the aspect-dominating group of organisms
at Protea Banks, reaching an unusual biomass for subtropical regions. The meadows
of Ptilophora spp. (P. pinnatifida, P. leliaertii and P. rhodoptera) are intermixed with
Codiophyllum natalense J. Gray, Thamnoclonium dichotomum (J. Agardh) J. Agardh,
Cryptonemia natalensis (J. Agardh) Chiang, Zonaria subarticulata (Lamouroux)
Papenfuss and Dictyota liturata J. Agardh and offer a spectacular sight. The rocky
reef is often partially covered in sand and other particulate matter originating
predominantly from the numerous estuaries along the southern KZN coastline. Turbid

water frequently drifts over the reef due to a strong prevailing current.

Habit

Plants can attain 35 cm in height and are attached by a fibrous holdfast of robust,
terete rhizoids. Branched rhizoids may issue from the lower axis and less commoniy
from lower branches (Fig. 3.2). Where the rhizoids contact the substratum they
produce brush-like anchoring haptera composed of elongate aseptate cells (Fig. 3.3).
With increasing distance from the holdfast there is a transition from the rhizoids

described above to short (< 0.5 cm), simple and apically-directed adventitious
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Fig. 3.1-3.6. Ptilophora leliaertii. Fig. 3.1. Holotype specimen covered in places by sponge and crustose
coralline epiphytes. Scale = 4 cm. Fig. 3.2. Holdfast with rhizoids developing from the lower axis (arrow)
as well as from lower branches (arrowhead). Scale = 1 cm. Fig. 3.3. Brush-type anchoring hapteron of
elongate aseptate cells developing from the end of a cylindrical rhizoid. Scale = 50 um. Fig. 3.4. Transverse
section of a distal concave branch. A hydroid and sponge epiphyte are attached predominantly to the
concave surface of the frond. The sponge spicule skeleton was poorly preserved during the sectioning
procedure. Scale = 250 pm. Fig. 3.5. Surface view of protrusive apical cell. Scale = 10 pm. Fig. 3.6.
Surface view of apical tip of pinnate branch. Scale = 1 mm.



branchiets in lower parts of the thallus arising on the thallus surface. Such surface

proliferations are normally scarce, especially in the pinnate regions of the thallus.

The frond has a cylindrical lower axis (ca. 2 mm in diameter) becoming narrowly
alate with a subcylindrical midrib in lower order branches. Branches are flattened and
concave in the pinnate regions (Fig. 3.4) where the midrib is less distinct. The basal
parts of the axis and primary branches are less branched. There are up to six orders of
regular distichous, opposite to alternate branches. Flattened branches are mostly 1.5-2
(-2.5) mm broad and fairly uniformly spaced, generally 1-2 (-2.5) mm apart. Branch
apices can taper to a sharp point with a protuberant apical cell (Fig. 3.5) particularly

in young or primordial pinnae, and become rounded with age. Apices of indeterminate

branches are often tridentate (Fig. 3.6).

In flattened regions, branches, except ultimate pinnae, are generally broader {up to
30%) than their bearing branch, though sometimes uniform in width, and are roughly
as wide at their base as the bearing branch (Fig. 3.7). The branch usually bends
adaxially after its junction with the bearing branch and then broadens slightly.
Margins of concave branches start to in-roll at this basal branch bend. Pinnae and

their bearing branch are decurrently united with rounded axils.

A specimen found at NU (Fig. 3.8) is thought to represent an aberrant morphology of

this species. The specimen bears many branched, lateral proliferations that may

reticulate.

Vegetative structure

Plants have a four-layered vegetative structure (Fig. 3.9). In transverse sections of
second order branches the outer cortex is composed of a single layer of round to
quadrangular cells, (5-) 7-8.5 (-10) um in length, 5-8 um wide, with a length width
ration of 1-2. Rhizines are 3-5 pm in diameter and form a distinct band traversed by
anticlinal rows of pigmented outer cortical cell. These cells are angular, and more
elongated (length/width ratio is greater than 2). The inner cortex consists of 3-4 Jayers
of periclinally arranged round to elliptical cells in transverse section, (27-) 29-44 (-51)

pm in length, (15-) 20-28 (-37) ym wide, with a length/width ratio of 0.8-2. The
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Fig. 3.7-3.13. Ptilophora leliaertii. Fig. 3.7. View of convex surface of compound branch. Scale = 3 mm.
Fig. 3.8. An aberrant morphology of this species where finely branched, lateral proliferations (arrow) are
produced. Scale = 1 cm. Fig. 3.9. Transverse section of second order branch. Outer cortex (OC); rhizine
band (R); inner cortex (IC); medulla (M). Scale = 50 um. Fig. 3.10. Transverse section of bilocular
cystocarp with mature carposporangia (arrow) and lipped ostioles (LO). Scale = 100 pm. Fig. 3.11. Surface
view of three pinnae with lightly pigmented terminal tetrasporangial sori. The sorus of one of the pinnae
extends into a lateral pinnule. Scale = 1 mm. Fig. 3.12. Transverse section of fertile region of pinnule with
an outer cortex of spermatangial mother cells with transverse division lines. Scale = 25 pm. Fig. 3.13.
Transverse section of tetrasporangial branchlet with mature, cruciately divided tetrasporangium. Scale = 50
pm.



medulla consists of thick-walled filaments that are round in transverse section and 7-
12pm in diameter, and is devoid of rhizines. Larger cells can sometimes occur in the
medulla, approximating the appearance of small round inner cortical cells in
transverse section. In higher order branches the medulla and midrib becomes less
distinct. In proximal parts the stratified vegetative structure becomes obscured by

increased cortication and rhizine conceniration.
Reproduction

Reproductive structures are borne apically or subapically on lateral branchlets.
Cystocarps are borne either on short branchlets or terminally on narrow ligules (up to
5 mm in length) usually with a distal protuberance. The cystocarps are bilocular,
locules being elliptical in surface view, with one centrally placed ostiole that may

have a peristome (Fig. 3.10) or may be depressed.

Spermatangia are borne on short, slightly lobed branchlets. Spermatangial mother
cells form a continuous single-layered outer cortex easily recognized by their elongate
shape, cutting off spermatangia by transverse division. (Fig. 3.12). Spermatangial sori
develop on both surfaces of the pinnae and are surrounded by a sterile margin which

1s too narrow to be noticed in surface view,

Fertile tissue on tetrasporangial branchlets is clearly noticeable by its lighter
pigmentation. The elliptical tetrasporangial sori occur on both surfaces of terminal
branch swellings which can sometimes be continuous with the sori of {ateral pinnae
(Fig. 3.11). Sori are usually surrounded by a very thin sterile margin but may extend
all the way around the flattened pinnule. The darkly pigmented tetraspores can usually
be seen in surface view. Tetrasporangia are cruciately divided and when viewed in
transverse sections are up to 58 um long and up to 40 um wide, with a length/width
ratio of 1.2-2.4 (Fig. 3.13).

Epiphytes

Acrosorium acrospermum (J. Agardh) Kylin and a diversity of sponges, crustose

corallines and hydroids are common epiphytes on P. lefiaertii. Sponges and hydroids
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