




























































































Chapter 3: RESULTS

3.1 Morpholegy

The difficulty of identifying Ulva and Enteromorpha species
was felt in this study. The first step in every identification
session was to place the collection into groups according to
their thallus morphology. This was then followed by the
anatomical and cytological studies which when combined could
delineate the known species. All the characters used are
listed in Table 3.1.1. below. The first grouping was that made
up of the distromatic flat sheet-like fronds (Ulva) and the
other being the monostromatic tubular forms (Enteromorpha).
The Ulva-like forms were then separated into linear (U.
fasciata |[Fig. 3.1.1], U. nematoidea Bory [Fig. 3.1.2], U.
lactuca [Fig. 3.1.3]) and the non-linear type (U. rigida [Fig.
3.1.4), U. capensis [Fig. 3.1.5], U. uncialis [Fig. 3.1.6}], U.
rhacodes, and a single specimen that could not be identified
to the species level [Fig. 3.1.7)). This specimen was
collected from the I&J abalone farm Gansbaai where it is grown
in tumble culture. It closely resembled Ulva lactuca but
differed by being consistently wrinkled at perforations, and
with the number of pyrenoids ranged between one and four,
whereas in U. lactuca the number rarely exceeded two. The
specimen was also much thicker {(above 53 um) than U. lactuca
(38-86 um). In comparison with other Ulva species, this
specimen exhibited cells that, in transverse section, were
more rounded and the thallus had no dentation. Enteromorpha
linza [Fig. 3.1.8] looks a lot like Ulva species, the only
difference 1is that it 1is much softer to the feel and has a

hollow stipe.

The Enteromorpha-like forms were separated into two groups,
the branched {Enteromorpha compressa [Fig. 3.1.9], E.
flexuosa) and the unbranched forms (E. intestinalis [Fig.

3.1.101). E. intestinalis may, however, be branched



occasionally. The unbranched forms also included a form that
corresponded to Blidingia minima (Nageli ex Kitzing) Kylin

[Fig. 3.1.11].

The cell shape character was used to separate U. capensis from
other non-linear forms by having spindle or bullet shaped
cells in transverse section, especially in the basal region.
U. rigida and U. capensis both had much bigger cells (up to 53
and 67 um high, respectively). The thallus of the two species
was also generally much thicker (up to 209 and 247 um,
respectively.). The thallus thickness of U. lactuca overlaps
(38-86 um) with that recorded for Enteromorpha linza (38-95
um) . The neat long rows of cells in surface view were only
observed 1in E. flexuosa. Most of the specimens in Table

3.1.1., only had curved or short rows in part or none.

Ulva nematoidea and U. fasciata are very similar in many
characteristics but the former has somewhat bullet shaped
cells in transverse section and cells may be in short rows in

surface view.

The number of pyrenoids is very variable. It 1is normally one
in Enteromorpha species but up to three were observed in E.
compressa and flexuosa, E. linza topped the genus with up to 4
pyrenoids. Among Ulva species, U. uncialis and U. rhacodes
were both shown to have a single pyrenoid whereas this

character varied considerably among other species.

Blidingia minima was smaller, in every respect, than
Enteromorpha. The tubes are less than 5 centimetres tall, and
in fact from the sampled population none of the thalli
exceeded 2 cm. Both in surface view and transverse section,
the «cells were much smaller than those recorded for

Enteromorpha species (see Table 3.1.1.).



Table 3.1.1 presents the morphological, anatomical and
cytological characters that were used to identify the species.
Most of the identifications agreed with those of Stegenga et
al. (1997), except in cases like Enteromorpha intestinalis, in
which we found branched forms (LK 42}, but in which Stegenga
et al. (1997) do not note branching. Among other authors
Bliding (1963) and Burrows (1591) observed branched forms of

specimens identified as E. intestinalis.
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Table 3.1.1. Descriptions of the investigated specimens

sheets, rough, tougher basally

Species Thallus morphology Cell shape (T/8)[Cell shapel|Cell sizelCell size[Thallus Cell TNO. o
name {(s/V) (T/8) pm (8/V) pnm thickness arrangement [Pyrenoids
(pm)

B. minima Tufty hollow tubes, conical Rounded-rectangular Rounded-polygonal {(4-6) X (6-8) (2-4) X (4X8) 95 None ?

E. compressa [Tubular or partiallyjRectangular, rounde [irregular (6-10) X (15-27} I? 29-38 None 1-(2-3)
compressed, very thin‘angular
branches, constricted at nodes

E. flexuosa Compressed, ribbony shaped, Rectangular- infongrows Upto3
branched, squarish

E. intestinalis  {Tubular or partiallyRectangular Rectangular- (6-12) X (12-25) (6-13) X (10-17)138-42 None 1(-2)
compressed, wrinkled surface, polygonal ‘
(un)branched, slender

E. linza Single blade, undulate blade,Rounded- Rounded- (4-15) X (13-32) j(4-13) X (6-23) [38-95 In short or long[1- (2-4)
thin, very soft, unbranched rectangular, rectangular, Irreguiar rows
compressed, crumpledirectangular-squarish
surface, hollow stipe

U. capensis Dentate  (double), porous Rectangular Rectanguiar- (8-17) X (27-87)|(4-17) X (8-23) {72-209 Curved rows inj1-4 (-5)
wrinkled around perforationsrounded  anguiar)jrounded, polygonal part
undulate, thick laminaslender —  bulietlor irregular, bean
branched, tough  basally spindle shaped shaped and well
ovate, dull and  rough,squarish-roundish, |paired
anceolate, dark patches

U. fasciata Undulate, pale rigid midrib,Rectangular-rounded Rounded- (6-25) X (15-46))(6-15) X (8-21) [67-140 None 1-2 -(3-4)
strap shaped, ribbony, tuftedangular, cylindrical rectangular,
at base, branched to the base conical shaped }rregular-polygonal,

slender, squarish

U. lactuca Porous, thin, undulate ;[Rounded t Rectangular, (8-15) X (15-25) 1(6-15) X (10-38-86 short rows inj1 -2 (-3)
(un)branched, floatingrectangular rounded-polygonal 21) part
unattached thalli form flat
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Table 3.1.1. (continued)

L. nemaloidea
{J. rhacodes

U. rigida

U, uncialis

Ulva sp

Midrib, undulate, branched

Tufty, dentate, epiphytic

the base, incised, entir
margins, smooth and shiny,
flat sheet, perforated,

Rosettes, tough, entire,
diminutive 1.5 cm high and
fertile

Thick, consistency firm, tufty afRectangular (rounded

Rectangular

haped, roundedisquared,
ngular, slender polygonal
Rounded
Rectangular-

ngular) —slender
irregular,

Undulate,
perforations

wrinkled around‘

Rectangular Irregular
Rectangular —EPotygonal,
rounded squared

-bulleRectangular-

rounded, polygonal,

shaped well paired

rounded-

bean|

round+(13-19) X (214(10-17) X (134

(13-19) X (25]
40)

(6-27) X (21-53)

36)

27)

10-15) X {(30+(8-13) X (13-17)

(10-19) X (111
36)

9)

21)

67-129

{6-21) X (10-57-247

82-105

53-61

Short rows
part

none

part

in rows

in

Curved rows in

1-3(-4)

Short rows to[1-3 (-4)

(1) -3

B



Figure 3.1.1: The main thallus is that of Ulva fasciata (LK 48), and
epiphytic on it is U. rhacodes. The arrow indicates a small portion
of U. rhacodes that has been isolated from the epiphytic tufts. The
specimens came from Dalebrook, False Bay, Cape Town.
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Figure 3.1.2:

Ulva nematoidea (LK 8) from Mile 4 at Swakopmund, Namibia
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Figure 3.1.3:

Ulva lactuca (LK 53) from Simonstown harbour,

Cape Town.
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Figure 3.1.4: Ulva rigida (LK 46) collected from Dalebrook, False Bay, Cape
Town.
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Figure 3.1.5:

Ulva capensis (LK 26) collected from Bloubergstrand.
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Figure 3.1.6: Ulva uncialis (LK 64) collected from Shelly Beach, Still Bay.
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Figure 3.1.7: Ulva
Gansbaai.

sp.

(LK 5)

collected from the

I&J Abalone

farm,
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Figure 3.1.8: Enteromorpha linza (LK 50) collected from Dalebrook, False
Bay, Cape Town.
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Figure 3.1.9:

Enteromorpha compressa

False Bay, Cape Town.

(LK 51)

collected from Dalebrook,
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Figure 3.1.10: Enteromorpha intestinalis (LK 42) collected from Seapoint,
Cape Town
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Figure

3.1.11: Blidingia minima
Still Bay.

(LK 63)

collected from Jongensfontein,
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3.2 Molecular phylogenetic analysis
A total of 49 seguences were obtained, representing seven Ulva

species, four Enteromorpha species and a single Blidingia
species. The difficulty in sequencing these species was
possibly caused by the presence of cellulose material in the
extract. Where the extraction succeeded there was still a
problem of the possible presence of epiphytic DNA in the
extract. This was indeed the case U. nematoidea, in which we
sequenced a Hydrozoan species, discovered after a blast search

to verify the origin of the sequence in GenBank.

3.2.1. Phylogenetic analysis of the complete data set (Ulva
and Enteromorpha)

Under equal weights, 16,383 trees were retained (L=328,
CI=0.7835, RI=0.9396) and the strict consensus tree (Figure
3.2.1) produced two major <clades. The first (A) consists
primarily of Ulva species and is supported by a fairly high
bootstrap value (75%), while the Enteromorpha species mostly
fall into the unsupported second c¢lade (B), which should
currently not be referred as a clade as there is no support.
These clades are together supported by a 94% bootstrap value,
supporting the exclusion of Blidingia from the
Ulva/Enteromorpha c¢lade. The U. rigida/capensis seguences

produced a polytomy, with no division into separate species.
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3.2.1: A strict consensus tree of 16,383 most parsimonious trees

CI=0.7835, RI=0.9396) generated in a heuristic search under maximum
parsimony of all 1local taxa and those

(L=328,

obtained from GenBank. The

relationships are based on the ITS1, 5.85 and ITS2 sequence data. The

numerals on the branches the bootstrap percentages (BP) from 100

replicates. A indicates the “Ulva” clade and B the “Enteromorpha” clade.

M. grevillei is the outgroup. Note: local samples are preceded by a code

{(e.g. U03 in U03.U.capensis), which was the analysis code, whereas the

GenBank samples are suffixed with a number (e.g. 19 in U.rigidals), which

represents the last two digits of the GenBank accession number.
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All the samples corfesponding to the description of U. rigida
and U. capensis, plus the unidentified Ulva sample (U21)
produced a polytomy. Interestingly though, two samples
identified as Enteromorpha intestinalis, plus a sample that
corresponded to E. flexuosa (Stegenga et al., 1997) were grouped
with this clade. All three were collected from Seapoint, Cape
Town. The other Ulva species were better resolved apart from “U.
lactuca08”, whose identity 1is somewhat dubious. According to
GenBank the sequence corresponded to U. lactuca, whereas Tan et
al. (1999), assigned the same accession number to U. rigida.
Unsuccessful attempts were made to clarify the issue with the
authors, but it is however most certain that this species is
definitely U. rigida. Closely associated with this grouping are
other Ulva species such as the clade of U. fenestrata and U.
scandinavica, which are very well supported with a bootstrap
value of 88%. Also associated with the U. capensis/rigida clade
was the poorly supported clade (52%) of U. lactuca, U. fasciata
and U. taeniata. The U. lactuca clade is well supported with a
bootstrap of 95%. The clade containing the latter two is poorly
supported (57%), but the terminal node encompassing the three
isolates of U. fasciata 1is well supported with a very high

bootstrap of 100%,

Within the Enteromorpha clade, the samples from supposedly
different species are completely mixed up. Accessions of the
type species of the genus Enteromorpha, E. Intestinalis, do not
form a monophyletic clade, instead they are distributed between
three separate lineages. The GenBank accessions of E.
intestinalis, which represent the type specimen of the species
since they are of European origin where the type was collected
from, form a well-supported clade (100%). This clade in turn,
also forms a sister-group (63%) with a clade, which is also
strongly supported (100%), composed of E. compressa (both from
GenBank and local) U. pseudocurvata, and many local specimens of
E. linza. The clade made up of U. pseudocurvata and E. compressa

is linked at a bootstrap percentage of 71%. The clade containing
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the European (CGenBank) E. compressa has a bootstrap support of
61%. Another 1lineage of E. Iintestinalis (Ul4, Ul7 and U28),
which 1s well supported (96%), 1is sister to the Enteromorpha
clade discussed above, which also incorporates Ulva species (U.
uncialis and U. californica). This clade, joined at B is in turn
sister to another yet well-supported clade (96%) consisting of
two local isolates of E. intestinalis (U.18 and U.43) and two E.
linza, one (E.linza03) from GenBank, and the other (U60) one
being local. The Enteromorpha clade will be investigated further
at a later stage. Blidingia minima and B. chadefaudii form a
well supported clade (100%), which is a sister-group to the
clade containing all Ulva and Enteromorpha species. But as
mentioned earlier, the sister relationship of Blidingia to
Ulva/Enteromorpha 1is not supported at all, the latter grouping

having a bootstrap of 94%.

3.2.2. Analysis of the Ulva capensis/rigida grouping

The strict consensus tree of the 166994 most parsimonious tree
(L=246, CI=0,915, RI=0.727) presented in Fig. 3.2.2. shows that
the Ulva capensis/rigida clade is well resolved and the grouping
is moderately well supported (77%). The included Ulva species
were closely associated with the capensis/rigida clade with a
high bootstrap support of 99%. U. lactuca is sister (58%) to
clade containing U. fasciata and U. taeniata and the latter
clade is also well-supported (69%) . Apart from the E.
intestinalis and E. flexuosa samples that were grouped within
the U. capensis/rigida, the only other Enteromorpha species
included, E. linza, was sister to the clade containing the Ulva

species.

Similar results were also obtained when the polytomous clade was
explored using TCS analysis (Fig. 3.2.3). The graph produced
five haplotvpes, o©f which the one with the highest probability
(the box) consisted of 21 isolates composed of a combination of
U. rigida (5) and U. capensis (9), and among these were the

Enteromorpha (3) specimens and the odd other Ulva sp. The other
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four haplotypes each represented a single isoclate and differ
from the common haplotype by a single base change each. Most
accegssions are identical at this locus.

U31.U. capensis

U10.U. rigida
U27.U.capensis

U18.U. rigida

U24.U. capensis
U32.U.rigida

U21.Ulva sp.

HHUl

U51.E.intestinalis

U52 E.intestinalis

U15.U. rigida
U46.U. capensis

77 U03.U. capensis

U34.U. capensis
U13 U. capensis
U38.U. rigida
U.rigidat9
U30.U.capensis
U4S.E. flexuosa

U16.U. capensis

Us5.U.capensis

T

U37.U.capensis
U47.U. capensis

U49.U. capensis
99

U.lactuca08

69 U.taeniata20

100 58 e UB5.U.fasciata

Ue3.U.lactuca

U64.U.rhacodes

U29.E. linza

UB7. B. minima

M.grevillei0b

Fig. 3.2.2. The strict consensus of 1000 wost parsimonious trees (L=246,
CI=0.915, RI=0.727) generated in a heuristic search under maximum parsimony.
The relationships are based on the ITS1, 5.8S and ITS2 seguence data. The
numbers on the branches indicate the percentage bhootstrap support from a

hundred replicates. M. grevillei is the outgroup.
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U10.U.rigida

// N

@31 U.cap@ U31U.capensis

< Ulactuca08 >

C__U31U.capensis >

Fig. 3.2.3. The TCS graph showing the relationship among the Ulva
capensis/rigida haplotypes. Note that the Ul0.U.rigida {(the box) consists of
21 isolates namely; U. rigida (5), U. capensis (9), E. intestinalis (2) E.

flexuosa (1) and Ulva sp (1).

3.2.3. Analysis of the Enteromorpha clade

Presented in Fig. 3.2.4 is the strict consensus tree (L=366,
CI=0.803, RI=0.845) of the 166994 most parsimonious trees. The
ingroup is well supported (99%) and it is divided into two main
clades, the upper one, which is unsupported by the bootstrap, is
composed primarily of Enteromorpha intestinalis specimens,
whereas the lower one, which is strongly supported (97%), is
made up of Enteromorpha linza, E. compressa and U.
pseudocurvata. Within the E. intestinalis grouping, the terminal
nodes are generally well supported, including the clade (99%)
composed of two E. intestinalis (Ul8 and U43) and two E. linza
(U60 and E.linza03) accessions. Two Ulva representatives (U.

rhacodes and U. fasciata) form a well-supported (84%) clade.
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3.2.4. The strict consensus tree {(L=366, CI=0.803, RI=0.84%) of the

166994 most parsimonious trees, showing the relationships among the
Enteromorpha specimens. The relationships are based on the ITS1,
5.88 and ITS2 sequence data. Also included are Ulva species that
were nested within (U. pseudocurvata and U. californical, as well as
U. rhacodes, U. fasciata and B. minima as outdgroup taxa. The tree is

rooted on M. grevillei.
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As 1in the earlier fesults (Fig. 3.2.1.), the isolates of U.
pseudocurvata and E. compressa from Tan et al. (1999) form a
clade that 1is moderately well supported (67%). What is worth
noting here is that Ulva spp. are nested within the
Enteromorpha clade although there is poor support for this
inclusion. A particularly interesting observation 1is that of

U. pseudocurvata.
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surface and they are obviously, as Dion et al. (1998) put 1it,

often impossible to apply to dried material.

All investigated thalli were found to have rectangular cells
in transverse section. The observation also applies to U.
capensis and U. lactuca, which normally bear spindle or bullet
shaped and rounded cells respectively, when the upper section
ig examined. Our finding is 1in agreement with many other
authors such as Phillips (1988) and Bliding (1968) who found
that cell shape in transverse section is more variable in the
mid section than in the basal section, and highly wvariable in
the upper/marginal section. In surface view cell shape 1is
potentially useful but the same rounded to rectangular shape
was observed in most of the specimens except in specimens
identified as E. compressa and in U. uncialis where the cell
shape is irregular. In specimens identified as U. capensis it
was noted that many cells were rather bean shaped. Cell size
was found to be very variable even within a single specimen.
Enteromorpha species generally have small sized cells, except
for E. linza, which had cells with magnitudes in the range of
those recorded for U. lactuca. The only specimen that could
confidently be separated from others based on cell size 1is B.
minima, which has very small cells, the highest being 8 um
compared to others such as U. capensis which can reach heights
of up to 67 um. As one would expect, cell size especially in
transverse section is closely correlated with thallus
thickness. Thallus thickness is fairly reliable as a
diagnostic character. For instance among Ulva species, U.
capensis and U. rigida are generally very thick (up to 207 um
and 247 um, vrespectively) compared to others such as U.
fasciata and U. nematoidea, which are thick along the ‘midrib’
or else only in the basal section. A problem associated with
the cell size character is that 1t may vary with age (Rliding,
1968; Coat et al. 1998), ploidy level (Coat et al. 1998),
season (Titlyanov et al. 1975; Phillips 1988) and wave
exposure (Tanner, 1986, Phillips, 1988).
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The cell arrangement in surface view was considered by Bliding
{(1968) as being characteristic for a species. In this study it
was shown that apart from specimens identified as E. flexuosa
and E. linza, most only had short rows in parts whereas others
such U. fasciata, E. intestinalis, E. compressa and Blidingia
minima were not arranged in any particular order. The same
pattern of results has been reported by Hoeksema and Hoek

(1983) and Phillips (1988).

Bliding (1968) as well as some other workers (e.g. Koeman and
Hoek, 1981) considered pyrenoid number to be taxonomically
informative. Kapraun (1970) however considered it to be too
variable for taxonomic wuse and this variation was also
reported by Phillips (1988). In this study, it was found that
most species have at least two pyrenoids. Among Enteromorpha
species, most specimens had one whereas within Ulva the number
was found to be wvery variable. The only species that
consistently had one pyrenoid were U. <rhacodes and U.
uncialis. This study is therefore in agreement with Kapraun
and Phillips, but indeed the character «can Dpe  used

successfully in certain species as shown above.

The results based on analysis of nuclear DNA sequence data,
adds to the growing body of criticism against defining taxa
solely on the basis of morphological data. This is ofcourse
only true 1f DNA data are assumed to be telling the true
story. However, the biggest problem with these algae, which
has already been addressed above, is the morphological
plasticity, a problem common to all members of the Ulvaceae

(Blomster, et al., 1999).

The main feature presented by the analysis 1s the fact that,
neither Ulva nor Enteromorpha is monophyletic (Fig. 3.2.1.).
However, this study does not fully support the idea of

collapsing the two genera 1into one as expressed by some

i
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studies (e.g. Blomster et al., 1999; Tan et al. 1999; Woolcott
and King, 1999) and this is clearly shown in Figure 3.2.1. The
phylogenetic tree (Fig, 3.2.1.) suggests two separate
lineages; one very Ulva-like and the other o©ne mainly
Enteromorpha-like. Therefore the idea of collapsing the two
genera 1s premature and the possibility of finding new
synapomorphies remains. It is however noted here that there is

a lot of evidence pointing towards a merger of the two genera.

In our analysis, two species of Enteromorpha, E. intestinalis
(two 1isoclates, see Fig. 3.1.9.) and E. flexuosa (all from
Seapoint, Cape Town) were grouped within the Ulva clade (Fig.
3.2.1 & 3.2.2). These samples were indeed small/young. From
the developmental biclogy of Ulva and Enteromorpha species, it
is known that the two genera share the same developmental
pattern, and all Ulva species pass through a tubular
Enteromorpha-stage. When the plant reaches a few millimetres
in height, the tubular thallus becomes compressed, causing the
plant to become distromatic (Ulva-like) (Bliding, 1968). It 1is
therefore possible that the Enteromorpha accessions included
within the Ulva clade could well be immature specimens of what

are generally considered to be Ulva species.

An environmentally induced morphological variation could also
have led to the differentiation of the Ulva sp. (Fig. 3.1.11)
that was grouped within the Ulva capensis/rigida clade. The
plant was collected from the I&J abalone farm where it was
grown in tumble culture. It is possible that this specimen
could have been altered by the conditions in the tanks because

no such forms have been recorded from natural populations.

The inclusion of Enteromorpha species within the Ulva clade
was mirrored by the grouping of U. pseudocurvata within a well
supported clade (100%) composed of E. compressa, and E linza
(Fig. 3.2.2.). Our results are similar to those obtained by

Tan et al. (1999). According to Tan et al., U. pseudocurvata
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samples had a typiéal Ulva morphology of simple distromatic
blades without <cavities. The results are therefore very
peculiar since local E. compressa specimens (Fig. 3.1.8.) and
those cited by Tan et al. are branched. However, this clade
with 100% support from U6l.E.compressa to US3.E.compressa, 1s
almost certainly all E. compressa (including U.
pseudocurvata), although it is possible that all the E. linza
sequences represent a separate entity - perhaps E. atroviridis
(Levring) Wynne, another Enteromorpha species that is endemic
to the South west coast of Southern Africa. E. atroviridis was
not collected during this study, but it is closely related to
E. linza and they occupy overlapping ranges {(Stegenga et al.
1997). The association of E. linza with E. compressa is also
against Bliding’s groupings. Bliding (1963) placed E. linza in
a group of its own, the Linza group, whereas E. compressa and

E. intestinalis were placed in the Intestinalis group.

The ‘E. 1intestinalis' c¢lade {(U28, Ul4 and Ul7) with 56%
support 1is probably the most interesting of all because it 1is
hard toc make anything out of it, rather then saying that it is

probably a sibling species in the genus Enteromorpha.

The clade (Fig. 3.2.1 and Fig. 3.2.4) containing a combilnaticn
of E. linza (U0 and E.linza03), and E. intestinalis (Ul8 and
U43) is very interesting. The group is very well supported
(96%) and far removed from the other members of the same
species. The most feasible explanation for this result is that
the group (U60, U18, U43 and E.linza03) represents the true E.
linza, especially since the only Eurcpean E. linza used 1in

this study 1is within this clade.

The inclusion of U. <californica and U. uncialis 1in the
Enteromorpha clade 1is unexpected, and this requires further

investigation to determine why this is the case.
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Also closely associated is the local species of Blidingia
minima and the European species Blidingia chadefaudii, which
form a well-supported clade (100%). This finding 1is very
interesting since Tan et al (1999} also included both a B.
chadefaudii (from Northern Ireland) and B. minima (Scotland)
in their analysis, but the relationship between the two was
not supported. Woolcott et al. (2000), working on the Japanese
B. minima and B. chadefaudii, found that the two species were
conspecific and suggested a merger of the two. B. minima as
identified in this study had cellular dimensions that
corresponded well with those of Bliding (1968), Burrows (1991)
and Woolcott et al. (2000). According to Bliding (1963) and
Burrows (1991) Blidingia chadefaudii differs from B. minima in
having thickened thallus walls, and elongate cells that may be
up to 30 um long or more. This information justifies our
identification, but we cannot draw a conclusion on the
relationship between the two as yet, because the description
of the material sequenced by Tan et al. (1999) 1is not
available. Caution is being taken here because Burrows (1991)
pointed out that the two species are easily confused and they

are sometimes sympatric.

4,1.1. Is Ulva capensis synonymous with U. rigida?

Papenfuss (19240) noted the fact that many authors regarded U.
capensis [Ulva capensis, Areschoug 1851: 15-16] to be
synonymous with U. rigida [Ulva rigida. C. Agardh, 1823 (1822-
1823): 410-411]. When seen from the vertical section of the
thallus, U. capensis has cells that are much longer than those
of U. rigida. Papenfuss therefore suggested that the two were
distinct species. The characters (Table 23.1.1) uged to
distinguish these two species are that U. capensis is dentate
and has spindle or bullet shaped cells in transverse section.
U. rigida has rectangular cells, entire margins. The cells in
surface view are also often described as being in long rows,
but this 1s not always the case. Stegenga et al. (1997),

indicated that U. rigida may also possess minute teeth,
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something not observed during the course of this study.
However, 1t appears that all the characters that describe
local species of U. capensis correspond to the European
(Bliding, 1968; Hoeksema and Hoek, 1983), Australian
(Womersley, 1984) and New Zealand (Adams, 1994) U. rigida.

Our phylogenetic analysis which is the first such to probe the
relationship between U. rigida and U. capensis, suggests that
there is no difference between the two according to ITS. This
was clearly shown by maximum parsimony (Fig. 3.2.1) and TCS
analysis (Fig. 3.2.3). According to TCS analysis, these
species are not even separate haplotypes of a diverse sgpecies.
The two occur 1in overlapping ranges, U. capensis occurring
from Namibia (west coast) to Cape Agulhas (Joska, 1992;
Stegenga et al. 1997; see Fig. 2.1.1.) while U. rigida occurs
form the Cape Peninsula-eastwards (Joska, 1992; Stegenga et
al. 1997), based on existing records. However, in this study
samples corresponding to U. rigida were also collected from
Yzerfontein and Swakopmund, Namibia, which are both west coast
sites. Therefore, if the anatomical differences are
environmentally induced, then such factors are probably local
in effect. The specimen collected from the I&J farm could also
represent yet another form of the polymorphic species

represented by U. rigida and U. capensis.

4.1.2. Does U. uncialis represent a distinct lineage?

According to Stegenga et al. (1997), U. uncialis [(Kitzing)
Montagne, 1850: 246] closely resembles U. rigida [C. Agardh,
1823 (1822-1823): 410-411]. It is tufty and cuneate, and first
impressions are that it may be an U. rigida that has been
reduced 1in size due to grazing or desiccation. The reduction
in size could also be due to wave action since this form
generally grows near the high water mark. Silva et al. (1996)
however challenged the legitimacy of applying the name U.
uncialis in the sense of Stegenga et al (1997). According to

Silva et al., the name Phycoseris uncialis was first used
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without a descriptién (Kitzing, 1843: 297), with the Cape of
Good Hope and Peru being mentioned as origin and Suhr’'s
manuscript name U. uncialis being cited in synonymy. The South
African collection cited by Kitzing was said to come from
Table Bay (Drege, 1843: 111). Papenfuss (notes) confirmed that
Suhr’s specimens of U. uncialis came from Table Bay as well as
from the “Kaffernkuste”. On the other side, Areschoug, when
establishing U. capensis, cited “Ulva uncialis v. Suhr. -
Drege Docum. P. 111.” and stated that specimens distributed
under this name were juveniles of U. capensis. The same sample
(Drege’s material) was therefore assigned two different names.
Since Kutzing (1849: 475) had already proposed a new species
for Drege’s material (P. uncialis), U. capensis was therefore
thought to be redundant and consequently illegitimate in
accordance with Art. 52.1. Therefore 1if the species now
referred to as U. uncialis exists and is distinct from U.
rigida (including U. capensis) then it needs to be assigned a

new name.

The phylogenetic analysis of this study suggests that U.
uncialis sensu Stegenga et al. (1997) does exist and 1is
distinct from U. rigida (Fig. 3.2.1). Instead its closest
relative, among those species included in the analysis, is U.
californica Wille, from Oregon, U.S.A. U. californica has been
described by Tanner (1986) as being diminutive, tufted and
cuneate. This morphological description fits that of local
specimens of U. uncialis, or at least the one used in this
investigation. Thallus and cell dimensions are generally
larger in U. uncialis. However, when one takes into account
other species such as U. angusta Setchell & Gardner and U.
scagelii Chihara (which Tanner synonymised) , cellular
dimensions do generally fall within the range of U. uncialis.
Further work is needed to reach any conclusive results on
this, since there was no Dbootstrap support foer this

relationship. In addition, our molecular analyses are based on
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single specimen of each, and our measurements were only based

on a single collection.

4.1.3. The relationship among the linear forms

Although poorly supported, a close association was shown
between  U. fasciata and U. taeniata, which are both
lanceolate, with ruffled margins. U. taeniata has been
synonymised with other linear, undulate species such as U.
stenophylla (Phillips, 1988; Adams, 1994) and U. nematoidea
(Wynne, 1986). It 1s a pity that U. nematoidea could not be
sequenced because it could have given us more evidence on
lanceolate species. Our analyses suggest that U. lactuca is
closely related to U. fasciata but the relationship is poorly
supported. Phillips (1988) grouped U. lactuca among other Ulva
species that may have a linear thallus under some
circumstances. This is hard to observe in local species of U.
lactuca because they generally occur in bays and harbours,
where they normally occur unattached, and as a result lose
orientation. Woolcott and King (1999) also found a <cliose

relationship between U. fasciata and U. lactuca.

The results from our molecular data shows that variation in
the ITS sequence 1s not geographically structured. This 1is
shown for instance in the close association of U. taeniata
from Oregon, U.S.A with the local species of U. fasciata. U.
rigida from Orkney, Scotland is also caught up in the local
mixed clade of U. rigida and U. capensis. Also <closely
associated 1is the local species of Blidingia minima and the
European species of Blidingia Chadefaudii, which form a well-
supported clade (100%) that is sister to a well-supported
(94%) Enteromorpha/Ulva clade. This suggests many migrations

in historical time.

It 1is, however, important to note that this study 1is only

based on a single molecular marker, and therefore these
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findings needs to be backed up by the use of

markers especially those of the chloroplast origin.

alternative
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Chapter 5: Conclusions

The idea of collapsing the two genera, Ulva and Enteromorpha,
is not well supported by this study. The study has shcown that
there are definitely two separate lineages, although some

species from one genus may be nested within the other.

our study fully suggests that Ulva capensis and U. rigida
represent a single polymorphic species. This would then imply
that U. capensis Areschoug, 1851 be placed as a synonym under
U. rigida C. Agardh, 1823. In turn, the specimens identified
under the original description of U. uncialis (Kitzing)
Montagne 1850 should be synonymised under U. rigida. This must
however be done carefully so as not to synonymise records that

were described sensu Stegenga et al. (1997).

Another interesting conclusion would be the recognition of U.
uncialis sensu Stegenga et al. (1997) as a distinct species.
However, following from Silva et al. (19%6), a new name will
have to be assigned. These conclusions are reserved pending
further investigation. It is, however, strongly believed that
any investigation based on the ITS gene region will arrive at
the same conclusion, especially concerning the synonymy of U.

capensis and U. rigida.

Another species that we might lcse in this region is probably
E. 1intestinalis Dbecause this study indicated that what is
referred to, as E. intestinalis here in Southern Africa does

not correspond to the European samples.

The one thing 1s most conclusive from this study is that the
current genera do not work and the two genera, Enteromorpha
and Ulva are not menophyletic, but it 1is very probable that
after further research, more genera could be revealed within
the group. A symptom of the problem 1is that a branched species

like E. compressa 1is closely associated with a distromatic
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blade such as U. pseudocurvata. Blidingia is also a genus that
must be investigated further in order to determine whether BE.
minima and B. chadefaudii are conspecific, as well as to

determine its relationship with the other two genera.

However, the one thing that we have to keep in mind is that
*molecular data are not a magic bullet for the species
problem, because just like morphological data they can be
misleading.” Manhart and McCourt {1992) Pp. 735. The
exceptional fact about molecular data is that they are more
robust (there are only four possible bases) than conventional

data.
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Chapter 6: Recommendations for future

investigations

Subseguent studies will have to include a wider sampling
region, preferably the whole southern coastline from
Mozambique to the Angolan/Namibian border. This would help
reach a more conclusive decision, as it will include a range
of environments, which should also help address the problem of
morphological variation. On a global scale, there 1is a need
for a collaboration to launch a DNA survey of all known
species. This could also be done on a regional basis, after
which all the data will be put together (as in GenBank) and
then a complete phylogeny will be produced.

Many molecular studies are now moving towards a combined type
of analysis, whereby molecular data is combined with
morphological and anatomical data. Given more time, this study
was going to look at this aspect. Another thing that could be
envisaged 1s the use of multiple gene regions. Chloroplast

genes could be useful in this regard.
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