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Abstract — Hie tribe Amansieae is composed mostly of genera with dorsiventrale 
attened tlialli with only a few species that are terete or sub-terete in cross-section. Two of 

these comprise the monoepic genera Rytiphlaea and Halopithys, both natives of the 
Mediterranean Sea and the northeastern Atlantic Ocean. An investigation of the relation­
ships of these two species to each other and to the remaining terete or sub-terete species, 
Enantiocladia schottii and Protokuetzingia australasica, was carried out. Hie monotypic 
genus Digeneopsis from Mozambique and South Africa, which has been previously placed 
in the tribe Polysiphonieae, was also studied. No generic distinction was supported between 
Digeneopsis subopaca, Enantiocladia schottii and Halopithys incurva, and consequently all 
species have been included in Halopithys. Rytiphlaea tinctoria was shown to be generically 
distinct. Using molecular phylogenetic analysis, Rytiphlaea and Halopithys were shown to 
be closely related to each other but to have no particularly close affinity to Protokuetzingia.

Amansieae / anatomy / Ceramiales / Digeneopsis / Halopithys / marine algae / phylogeny / 
Rhodomelaceae / Rytiphlaea

Résumé — Les algues rouges cylindriques ou subcylindriques de la tribu des Amansieae 
(Ceramiales, Rhodomelaceae). La tribu des Amansieae est principalement composée de 
thalles aplatis dorsiventralement avec quelques espèces qui sont cylindriques ou sub- 
cylindriques en section transversale. Deux d’entre elles forment les genres monotypiques 
Rytiphlaea et Halopithys, tous deux natifs de la Méditerranée et de l’Océan atlantique NE. 
Les relations entre ces deux espèces et les autres espèces cylindriques ou subcylindriques, 
Enantiocladia schottii et Protokuetzingia australasica, ont été étudiées. Le genre mono­
typique Digeneopsis du Mozambique et d’Afrique du Sud, précédemment placé dans la 
tribu des Polysphonieae a aussi été étudié. Il n’y a aucune distinction générique entre 
Digenopsis subopaca, Enantiocladia schottii et Halopithys incurva : toutes ces espèces ont 
donc été incluses dans le genre Halopithys. Rytiphlaea tinctoria, en revanche, appartient à 
un genre distinct. Les analyses phylogénétiques moléculaires montrent des liens étroits 
entre Rytiphlaea et Halopithys mais aucune affinité particulière avec Protokuetzingia.

Algues marines / Amansieae / anatomie / Ceramiales / Digeneopsis / Halopithys / phylo­
génie / Rhodomelaceae / Rytiphlaea
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INTRODUCTION

Most members of the Amansieae form lateral wings as an integral part of 
their thalli. However, three monotypic genera (Rytiphlaea, Halopithys and 
Protokuetzingia), as well as Enantiocladia schottii (W.R.Taylor) S.M. Wilson et 
Kraft, have thalli that are terete or ovoid in cross-section showing little or no 
evidence of lateral wing formation. As part of an ongoing study of the genera of 
the Amansieae (Phillips, 2002a, b, 2005) these taxa were investigated to establish 
their relationship to one another and the rest of the tribe.

The genus Rytiphlaea is one of the oldest of all red algal genera, having 
been described in 1817 by C. Agardh to accommodate four species; R. complanata 
(Clemente) C.Agardh, R. purpurea C.Agardh, R. pinastroides (S.G.Gmel.) 
C.Agardh and R.? lineata (Turner) C.Agardh. Rytiphlaea complanata is now 
known as Pterosiphonia complanata (Clemente) Falkenb. The identity and status 
of R .? lineata from New Zealand is uncertain. By 1824, C. Agardh considered the 
genus to consist of only three species, R. complanata, R. obtusiloba (Mert.) 
C.Agardh and R. tinctoria (Clemente) C.Agardh. The latter is a younger but 
legitimate name for R. purpurea based on Fucus tinctoria Clemente (1807), and it 
was on this species, R. tinctoria, that the genus was lectotypified by Schmitz (1889: 
447).

A plethora of species (almost 50; Tab. 1), now included in other genera of 
the Rhodomelaceae, have at one time or another been attributed to Rytiphlaea, 
but currently only R. tinctoria is considered to truly belong to the genus (Kylin, 
1956; Wilson & Kraft; 2000). Rytiphlaea tinctoria is distributed throughout the 
Mediterranean Sea and in warmer parts of the eastern Atlantic Ocean. The genus 
is characterized by five pericentral cells, sub-terete axes with strongly incurved 
apices, and indeterminate branching that is alternate to irregular (Kylin, 1956). 
Reproductive structures are formed on unmodified axes.

Like Rytiphlaea, Halopithys is a monospecific genus largely from the 
northeastern Atlantic. Halopithys was described in 1843 by Kiitzing based on 
Fucus pinastroides S.G.Gmel. (1768). Batters (1902), however, realized that 
F. pinastroides was a superfluous and hence illegitimate name as Gmelin had cited 
Fucus incurvus Hudson (1762) in the protologue. Consequently Batters made the 
new combination Halopithys incurva. The genus is characterised by terete axes 
with five pericentral cells, irregularly-spaced determinate and indeterminate 
branches, strongly incurved apices, and reproductive structures on paired or 
clustered branchlets arising in the axils of laterals (Maggs & Hommersand, 1993).

Kiitzing also included in Halopithys the Australian Rhodomela austra­
lasica (Mont.) Kiitz. (1847) and Rhodomela elata (Sond.) Kiitz. (1865). Halopithys 
elata is now known as Cladurus elata (Sond.) Falkenberg (1901) of the 
Chondrieae, and H. australasica was made the type species of Protokuetzingia 
Falkenberg (1901), characterised by six rather than five pericentral cells. The 
anatomy of Protokuetzingia was detailed by Wilson & Kraft (2000), who noted the 
endogenous, opposite laterals that may be determinate or indeterminate, the 
marginal to submarginal position of the reproductive structures, and the 
trichoblast-bearing stichidia. A second species of Protokuetzingia, P. schottii, had 
been described from Caribbean South America by Taylor (1941), but Wilson & 
Kraft (2000) removed it from that genus on the basis of its five instead of six 
pericentral cells, provisionally placing it in Enantiocladia. Their reasons for 
choosing Enantiocladia were the opposite position of the laterals and the 
geographic proximity of the type localities of Protokuetzingia schottii and



Ta
ble

 
1. 

De
tai

ls 
of 

pu
bl

ica
tio

n 
and

 
cu

rre
nt

 s
tat

us
 o

f 
all

 R
yti

ph
la

ea
 

sp
ec

ies
. U

nd
er

lin
ed

 
sp

ec
ies

 n
am

es
 i

nd
ica

te 
th

at 
cu

rre
nt

 s
tat

us
 i

s 
un

ce
rta

in
. 

In 
th

e 
rig

ht 
ha

nd
 

co
lum

n 
bo

ld 
let

ter
in

g 
in

di
ca

tes
 c

ur
re

nt
 p

la
ce

m
en

t.

The non-winged Amansieae (Rhodomelaceae)

* tu

£

'g
O’S

E
io

30
1
fr

¡

I

O) LOLO O  
LO ^ 2

Ü Ï  w
n -  °

> D I
¿ S I
ci ci C

i l
«
5<5

I  S

Vi 
00 0)

•S ¿'3
^ 2  ’ 
•s ^  :
O ÍS 2 

’S 1
oVi Vi 

^  Vi 
r* « 2^  £ H

O Æ
s ?

úí

a«
«
Ss

*&

.u

£  *§ ®  00 fe

00 2 a ^  w «
■Ö ^ .2 ^  tí ^  o .5
!■ s s a. § >s3 a
• I t 5
J« O’ S >~tj fe,
î  î  Î

*s
•3 s55 -fe 
•3 aS 5vi a
* *1 
oí *3
g a

§  ¿ 
1—I ci
— X c ^£  00

Öh ft,

^  S
fl ?

CO 0 0  5-1 CÛ N (52 2 i a  -a
1/5 * 0O *3 Cu d

i? s  «< c 3 «
■2 «  '5
S « oO -M »ÍSÆ CC

-Q
I S  I
£¡ £  ï  £ 
î î î  Û

*3

.2 c 'S « .& >
&

T

o

R
coCU. Cj

Ö  CDc 5 ’s  k(3 o ®
c« s=: S

s J  s s M ^- ÿ. a
Otí

î te J? 3H û  m û  < IStu

<
SÔC/?CÍ 1—i
pq hJ

>•> .2 Cl) c  
i - i  r

fi 2 « o *5 dB. d N

O Ä Z

!
cq

§ .2 U
l i s  
§  § §

ci
Œ

*§o
§

CU•-Ö
2?

*33
Ä *
'S S
ci O00 c;
^  co

MO

S £

-¿C 00
ü  £
CO Ci

*3 X 
S .5CO ^3 =S3 T3
ÛÎ W

3 S3 T3
Qi W

ö
•3«

£
ci

&

Qi S Qi Qi Qi O R.
 c

ap
en

sis
 

Ca
pe

 
of 

Go
od

 
Ho

pe
 

= 
Pt

er
os

iph
on

ia 
clo

io
ph

yl
la(

C.
Ag

ar
dh

) F
alk

en
b.(

 d
eH

om
me

rsa
nd

 
19

63
:2

61
),

Kü
tz.

 1
84

3:4
48

 
So

uth
 

A
fri

ca



R.
 c

îo
io

ph
yîî

a 
Rh

od
om

ela
 

Ca
pe

 
of 

Go
od

 
H

op
e, 

—» 
Pt

er
os

ip
ho

ni
a c

lo
io

ph
yl

la
 

(C
.A

ga
rd

h)
 

Fa
lk

en
b.

 1
90

1:
27

1
(C

. A
ga

rd
h)

 
clo

io
ph

yll
a 

So
uth

 
A

fri
ca

8 Phillips L.E. & De Clerck O.

u

I©

©
*55

T

fo o
C/5 r o
'S ^a 8-2 °
•S «

S * 
f! c

^ $ 
S? "vi
á  S¿o

tu

.a <ci a;
á  -3

o
00<
ü

_ C  C/3W c5 I-o J2e a
« O 

c
0 5  C/5

I  I

S
.1
áO

o
*55

tu
C#

B

moo
X

**5

C a;
^  & 
S5 CL

S =3I £ •&< 0. $ .CT

ë  'i> o 
^ ’S >■>s SC5, o
C aj

(DO
« XS2 CL
•« S
t s3 oo

P & wS
ly  -j-

Û <

1  §
00 ^  o
- H  • £  CVÍ

s  « <s a á ij: to ^
C/5 O o£j

3 cv] s

Oh3
Ph

ci
00
<
Ü

Üi üj 
: & 
! ^

T T T

-S
O
T

S PQ-o ^

cS PC.
**3

S s»

•S ^  5,1 
¡ÿi§

<
ü

S V!B ™
<
Ü

t )  DC DC

Sr*  ̂bX
i

O viÿ jj
o  &

OhO
I
-a
o S  
O £
o <  
0) ’S Br s X  °O oo

SBb
00

- i y; <D
c  O NcS O >
M « Z 
V «  §o -a ĉ
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Oĥ ->

Cvï ^

S  LO5  oo 2s oo

^  d? 
î  î

èc2
3C

3C 3C

I Is  °C2 5QJ M

■S w 5- cQJ

«
S"S
S
fc

S
I

S

00
^  Á
00 X 
S Ö  
CD c o  £.°P ’

O
Z
w
oc

s  <
D  c o  OQh OO -sF 
S  ^  0 5  e

K  3  °q ,§
CO ,-H ^  

HJ c o  0 5  ^

00

^  O  
-5 -S55 55 ■
s  s

I I  
1 1

s?o  Æ *3 !Q

PJ

c o  *t3 
^  3
2  E

I
s a  »  
& J  -2 

<  «  £1-1 o ■«q  s
^ s

OSfc)Ci 
t  t  t  t

s ' « “

i

13 £ -9
■g s " ë
g  §  "§S >, o
S ” -aa) _5r> ■*->

¡5  05o  a)c S -* « c  c
S  CD
•a 5V5 — Hd) TJ •Sh d)

D h

cî 9*

I  s
' Oßi <

co"
i   ; COS£ Qh LO 00 • • r-— _ .-  c o

H Ç o  
c ^  1

,<D HÜ . . .
S3 o  H
3  0 55  n  oo >  <-< ce

^  2!i-i 0 5c2 *—<
D J.

S <  «  
^  ü  22

*> 2

.§ 22 
l i s
G  g  CV3 

r 3  3  — E- 1 Qh

*0
S

l >

s
I X tûb s

'I ’S ^s  g  N
S o -S 5c 00
I  q  =2«H 00 1-1

¿3 ¿AH~H 0/5c Vi r! *-< r n O O  tu

••Ö

^ I
oo I

<
ü

o ta
^  g

00 Q

O

.§

3
Qi

I t  ^
Ü  “q s -a■S R SÜco §
Sà «  *â

Æ ö  »S^  oo ^
04 2 04

LO

2 Ûj

S
qj

S3
g
2

Qi

^  O1 s
|J 32 >
c£ ô

co T3
S  b 
*Q ... 
0  <  Dd Ü

00 •

< 
Ü  :

I
5/3
.s 
ûi:



R.
 p

ro
life

ra
 

Gr
ev

. 
m

sc
r. 

“ad
 

or
as

 
In

dia
e 

—» 
Am

an
sia

 
J. A

ga
rd

h 
18

63
:1

11
6

or
ien

tal
is 

(W
ig

ht
! 

Su
b 

—» 
En

an
tio

cla
di

a 
pr

oli
fer

a 
Fa

lk
en

b.
 in

 
Sc

hm
itz

 
& 

Fa
lk

en
be

rg
 

18
97

:4
67

10 Phillips L.E. & De Clerck O.

S. toi
3
C o-" ¿ 5

a C£5
3
P h

t P ajg 0 0 3
O h

3

§u
fc
=M

CM
CM

3
*a

00

¡ 2qj^ b äü <5
3  fl) C/3 Cq

fr S ^ ^
lí 3 a r\ -§2  a ,p q  Q  ’S

- >
X
XU

O
T3 .. 
C .2
C3 C/3

-a §

^  S>■> -  • 
'S

O h

a

c
■S

N

£3
C¡
T

<
ü

S
*33
i 5

T

i  <
*3<J3

<
Ü
'05
c
CD
a
CD
Ö

3
•S-
á'*

<
ü

*3<3

<
Ü

3
1 | , M

* r

3
•S-
£

a,
W

<
Ü

s

S3
£s

,3
,gp

cu cu ce«3 3 tu° CT1 _

3  t .  05 
o '  c i  0 5  

i ) 2 2
c CÓ. .  ̂ -SQ o  -o sa 05^  (ï Ü Ha o 3 .h  

g. ” ^  O3 -S f-1Ë S ^
3 I  •§ D
= > Q=, 
^ M- Æ1 à
« 3 I'M S Í  i -Oh ° ¿O' Sc ä  o o 
8 -S *j  2 i« o

T 3  Æ  _CD 3 5

aj 3 „
CL, </5 (D
g  d) "ô *3

ë ,£  S O

5  CD£  -a

«
D

o•-Ö

T5< T3<

H ~Z
CD T 3  
^  C

B

00o2
00o

C3 G 5 ^« o ^ u
"° ^ iá io5 (D 3  U

<
Ü

M

N  ’

I '
a,: 
ûî I

I !

X 00
■ w  LO
». OOCq • • 

^  CM

"S s
•§ ^
O a> 

Æ  C  lí o . CDûi Q

=3
«

C £|—5 =3 o
a  m «
•S cqya *3sc 3 ^.G lo .3 O.
6 ?  3 =?:& n  & ^

a, en .3 ™
oc S Qj 2 oc 2 oc :

-Oo
Q

’co
s.s
c/3

ûi:

' *3 3 3

R.
 s

pi
nu

lo
sa

 
(H

arv
.) 

Al
sid

ium
 

sp
in

ulo
sa

 
W

es
ter

n 
Au

str
ali

a 
= 

En
do

sip
ho

ni
a 

sp
inu

los
a 

(H
arv

.) 
W

om
er

sle
y 

et 
M

.J.
 P

ar
so

ns
 

20
03

: 
25

1.
P.C

.Si
lva

 
in 

Sil
va

 
et 

al.
 

Ha
rv

. 
18

55
a:

538
 

“T
he 

ge
nu

s 
to 

wh
ich

 
it 

tru
ly 

be
lon

gs
 c

an
no

t 
po

sit
ive

ly 
be 

kn
ow

n 
till

 i
ts 

tet
ras

po
ric

 
fru

it
sh

all
 b

e 
fo

un
d.

” H
arv

. 
18

60
:pl

. 
CX

XX
. I

llu
str

ati
on

s 
sho

w 
4 

pe
ric

en
tra

l 
ce

lls
.



The non-winged Amansieae (Rhodomelaceae) 11

•SP QJ
I

2 -3

S °? ?  CV] 
CO ^  CD j—)
23 §
-C X-a -9
« sOß
<! E. tu

S SO »e
t t
1 1  a, a,

&

i  —^  i«.

53 »?ûû S9̂  S

CV] es

“ DC

d) ? s  ti » « 'S

C¡ QJ
•S 1 t  8
P 2?íy
£  ® 
ÛH CQ

. 3  LO íhS & cgg 2 Sip .

s i l.5 X j 53 Pi

•2 *3 
Cd CJ3

1 1
1  ? § s

Cl, W

3
& -g

§ O Ü I
| |  ^  I
3  %c/5"

I '

p -s Z *s c; â  &-S ^S Cl, .o

*
0<j

T T T T

€
p

Q

td <£
-S3O O

oDC
T 3

O S
o  S
o <a; -p
5" 3«  oO  (Si

I  s  
S" ̂

I  s  
S" ̂

Qj LO

£ °  
m cd CD'3 in 00g hU oo
O  V] H

| , 1  S’
i "  S  ü

t  =■ «

CO

i  i  

" s  1co d)

E
t
cdi

I

Oí

S 5°P3 Oî
5  00 

P-'H S £
. cd

Oí DC

=3« •S
•S

CV]
0 5 O

* 3
t

•S

ï
0 0 "C

</3 "<5
„Çd

¿
- 3
£

c
o H C - 3

S

o -
o - *3

3

' E h

3 </3

1 3
C

1
C

3

ÛS
0 5
00

3

a; oo Q  lo

oo *3 ^  3 d) C! 
C Hu SR § Q R?



12 Phillips L.E. & De Clerck O.

E. duperreyi (the type species of Enantiocladia). They also noted the common 
abaxial positions of the procarps and the number of pericentral cells, although 
these can hardly be considered unique generic characters of Enantiocladia within 
the Amansieae. They did not discuss any possible relationship to the other semi- 
terete members of the Amansieae, particularly Rytiphlaea and Halopithys, despite 
citing the pronounced flattening of the winged thallus as a generic character of 
Enantiocladia, a feature not present in E. schottii.

Simons (1970) established another monotypic rhodomelaceous genus, 
Digeneopsis, for the newly collected D. subopaca from Mozambique. Simons’ 
descriptions of both the genus and species briefly characterized members as erect 
and having corticated stems densely covered with determinate branches, these 
branched near the base and with rounded apices. Tetrasporangia were said to be 
formed two per segment in stichidia, but gametophytic plants were unknown. The 
pericentral cell number was not specified, but Simons’ illustrations (1970, fig. 1 IF) 
suggest that there are five. The genus name refers to the similarity in overall habit 
to the widespread Digenea simplex (Wulfen) C.Agardh of the Polysiphonieae. 
Simons (1976) also included Digeneopsis within the Polysiphonieae although a 
number of features appear to be at odds with characteristics of that tribe.

New material of Digeneopsis, including female gametophytic plants, have 
prompted the investigation of this genus and its comparison to genera of the 
Amansieae that are similar in pericentral cell number and in the terete to sub- 
terete profiles of the axes in cross-section. Material of Rytiphlaea tinctoria suitable 
for DNA extraction was also obtained, allowing analysis of both molecular and 
morphological characters and comparison with the previously published 
sequences of Halopithys incurva (Phillips, 2000) and the non-winged amansioid 
species Protokuetzingia australasica (Phillips, 2002a).

MATERIALS AND METHODS

Anatomical observations were made from herbarium specimens or 
formaldehyde-preserved material. Sections were cut by hand with a single-edged 
razor blade, rehydrated where necessary in a weak detergent solution, stained in 
1% acidified aniline-blue solution, and mounted on glass slides in 20%-50% 
Karo™ corn syrup (CPC International Inc., Englewood Cliff, NJ).

Specimens examined: Rytiphlaea tinctoria: 1. Le Dramont, Colanque du Pin, 
France, shaded crevices, 30 cm depth (Coppejans; 19.ix.1975, GENT HEC 2610). 2. Calvi, 
Pointe de la Revellata, Corsica, 40 m depth (Coppejans, 8.iv.l981, GENT HEC 4778).
3. Brucoli, Syracuse, Eastern Sicily, 50 cm depth (Furnari: 24.X .2000, MELU LEP R170).
4. Split, Croatia, at the base of Cytoseira spp., 1 m depth (Coppejans; 2.xi.l976, GENT HEC 
2766). 5. Sikinos, Greece, 50 cm depth (Coppejans; lO.xiii. 1972, GENT HEC 1679). 
Halopithys incurva: 1. Le Dramont, Colanque du Pin, France, 50 cm depth (Coppejans, 
22.ix.1974, GENT HEC 2301). 2. Brest, Anse du Caro, France, infralittoral fringe 
('Coppejans; 28.iii.1975, GENT HEC 2464). 3. Calvi, Grottes de Veaux, Corsica (Coppejans, 
9.XÜ.1977, GENT HEC 3260). 4. Bembridge, Isle ofWight, United Kingdom, mediolittoral 
('Coppejans; 9.iv.l977, GENT HEC 2913). 5. Tabarka, Tunisia, 2 metres depth, (West, 
14.iv.1975, JAW15471). Halopithys (Enantiocladia) schottii: 1. Cartagena, Columbia {Schott 
No. 19; xi.1857, F980817, female, H olotype) (Schott no date, F1013299, male). Halopithys 
IDigeneopsis) subopaca: 1. Santa Maria, Inhaca, Mozambique {Isaac B. 273 sub. Simons 
2748 {parte), BOL) 2. Bangha Nek, Rabbit Rock, Kwazulu Natal, South Africa, intertidal
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(Coppejans, De Clerck, Bolton, Anderson, Lellaert, Muylle & De Smet: 13.viii. 1999, GENT 
KZN 569) 3. Kosi Bay, Kwazulu Natal, South Africa, intertidal pools (Coppejans et al.: 
16.viii.l999, GENT KZN 748, tetrasporophyte) 4. Mabibi, Mabibi Point, 30 km N of 
Sodwana Bay, Kwazulu Natal, South Africa, intertidal pools (Coppejans et al: 9.viii.l999, 
GENT KZN 368A) {De Clerck & Cocquyt 13.viii.2000, GENT KZN 1641, female) 5. Cape 
Vidal, Kwazulu Natal, South Africa, shallow intertidal pools {De Clerck & Cocquyt: 
18.viii.2000, GENT KZN 1809) 6. Crayfish Point, Mapelane, Kwazulu Natal, South Africa, 
shallow mid intertidal pools {De Clerck & Cocquyt 20.viii.2000, GENT KZN 1843)

Herbarium specimens were scanned using a UMAX Astra 2100s flatbed 
scanner (Umax Systems GmbH, Willich, Germany), low-power habit micrographs 
were photographed using a WILD photoautomat MPS 55 macroscope (Leica, 
Heidelberg, Germany), and photomicrographs were taken on ZEISS Axioskop2 
microscope (Cari Zeiss, Oberkochen, Germany).

Sequences of the 18S rRNA gene were obtained for five species (Tab. 2) 
following the methods described in Phillips et al. (2000). Using SeqPup (Gilbert, 
1995), the sequences were added by eye to an alignment of 12 previously 
published species (Tab. 3).

The alignment was converted into an unordered character state matrix 
(A, G, T, C, -  = gap, X = missing data) using the PAUP computer package version 
4.0b8 (Swofford, 2000). All characters were equally weighted and gaps were 
treated as missing data. Most-parsimonious trees were obtained using the branch- 
and-bound search option. Once obtained, trees were rooted with reference to two 
species of the genus Polysiphonia. One thousand bootstrap replicates were 
performed to obtain a measure of the robustness of the phylogeny.

The maximum likelihood analysis was conducted using a likelihood 
model estimated from the data set and refined through successive tree searches. 
The result corresponded to the Hasegawa-Kishino-Yano model (Hasegawa et al., 
1985) with a transition/transversion ratio of 2, a proportion of invariable sites 
estimated as 0.66, with rates (for variable sites) assumed to follow a gamma

Table 2. Collection information for species included in 18S rRNA gene sequencing.

Species Collection Details
(Location, Collector, Date, Voucher)

Genbank
Accession Number

Kuetzingia canaliculata (Grev.) Sond. Cervantes, Western Australia, M  & F  
Hommersand, 20. ix. 1995, ME LU A000054

AY237283

Rytiphlaea tinctoria (Clemente) 
C. Agardh

Brucoli, Syracuse, Eastern Sicily, Furnari, 
24.X.2000, MELU LEP-R170

AY237284

Vidalia colensoi (Hook.f et Harv.) 
J. Agardh

Farmer Rocks, Three Kings Islands, 
New Zealand, Knight, 25.xi.1998, 
MELU LEP-R112

AY237285

Vidalia ñmbriata (J.V.Lamour.) J. Agardh Yule Point, Port Douglas, Queensland, 
West, 12.vi.1987, JAW 2841

AY237286

Vidalia spiralis (C. Agardh) J. Agardh Cottesloe, Western Australia, McKernan, 
24.iii.1999, MELU LEP-R125

AY237287
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Table 3. 18S rRNA gene sequences used in alignment and not generated in this study

Species Reference Genbank
Accession Number

Adamsiella melchiori L.E.Phillips eiW. A. Nelson Phillips, 2002a (as 
Lenormandia sp. 1)

AF339897

Melanamansia glomerata (C.Agardh) R.E.Norris Phillips, 2000 AF251512
Melanamansia mamillaris (J.V.Lamour. 
ex C.Agardh) R.E. Norris

Phillips et al. 2000 AF203889

Epiglossum smithiae Hook.f. et Harv. Phillips, 2002a
(as Lenormandia smithiae)

AF339895

Aneurianna dentata L.E.Phillips Phillips, 2003 AY237280
Halopithys incurva (Huds.) Batters Phillips, 2000 AF251513
Lenormandia spectabilis Sond. Phillips, 2002a AF339896
Neurymenia fraxinifolia (Mert. ex Turner) 
J.Agardh

Phillips, 2002a AF339899

Osmundaria prolifera J.V.Lamour. Phillips, 2002a AF339900
Polysiphonia howei Hollenb. Phillips, 2003 AY237282
Polysiphonia savatieri Hariot Phillips et al., 2000 AF203885
Protokuetzingia australasica (Mont.) Falkenb. Phillips, 2002a AF339901

distribution with shape parameter 0.80. This combination of parameters produced 
the tree with the highest log-likelihood.

Distance analysis was conducted using the Hasegawa-Kishino-Yano 
model (Hasegawa et al., 1985), the trees constructed using the neighbor-joining 
algorithm. One thousand bootstrap replicates of the data set were analysed to 
assess the robustness of the resultant phylogeny.

RESULTS AND DISCUSSION

Genus Rytiphlaea C.Agardh, 1817: xxv; 1828: 50; Harvey, 1847: 31; 1849: 
77; 1853: 28; 1855b: 224; Kiitzing, 1849: 844; Bertoloni, 1862: 131; J. Agardh, 1863: 
1084; 1885: 106; Ardissone, 1883: 420; Schmitz, 1889: 447; Schmitz & Falkenberg, 
1897: 467; Falkenberg, 1901: 436; De Toni, 1903: 1093; 1924: 427; Preda, 1908: 188; 
Kylin, 1956: 544; Wilson & Kraft, 2000: 330.

Etymology: “rytis” = a wrinkle, “phlolos” = cortex, referring to the trans­
versely furrowed or striate appearance of the surface.

Lectotype and only species: R. tinctoria (Clemente) C.Agardh (Schmitz,
1889)

Distribution: Mediterranean Sea, Atlantic coasts of Spain, Portugal, 
northern Africa and Macaronesia (Fig. 1).

Rytiphlaea tinctoria (Clemente) C.Agardh, 1824: 160; 1828: 52; Naccari, 
1828: 64 (Ritifíea I i moria) ; Zanardini, 1841: 181; J.Agardh, 1842: 145; Endlicher,
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| i i ü |  H a lo p ith y s

I Rytiphlaea tinctoria

□  Halopithys incurva jiîjï Halopithys subopaca

|~i Protokuetzingia australasica

Fig. 1. Distribution of the non-winged Amansieae. Arrows indicate type localities of Halopithys 
species inc -  H. incurva, sch -  H. schottii, sub -  H. subopaca.

1843: 48; Kützing, 1843: 448; 1849: 845; 1865: 6, pl,13e-i; Zanardini, 1843: 51; 
Frauenfeld, 1855: 64 + pl.; Bertoloni, 1862: 131; Ardissone & Strafforello, 1878: 218; 
Ardissone, 1883: 422; Hauck, 1885: 247, fig. 100; Schmitz, 1889: 447; Bornet, 1892: 
302; Schmitz & Falkenberg, 1897: 467; Reinbold-Itzehoe, 1898: 90; Falkenberg, 
1901: 438; De Toni,1903: 1095; 1924: 427; Mazza, 1905-1911: 371; Preda, 1908: 189; 
Borgesen, 1930: 116; J.Feldmann, 1942: 92; J.Feldmann & Tixier, 1947: 341; Kylin, 
1956: 544; Gayral, 1958: 498, pi. CLI, fig. 72C; Papenfuss, 1968: 101, Ardré, 1970: 
220; Nizamuddin & Lehnberg,1970: 128, pi. XIX, fig. 44; Gerloff & Geissler, 1971: 
788; Haritonidis &Tsekos, 1974:38; 1975:219; 1976: 283; Levring, 1974: 104;Tsekos 
& Haritonidis, 1974: 405; 1977: 63; Nizamuddin et al., 1979: 475; Meñez & 
Mathieson, 1981: 52; Weisscher, 1983: 76; Audiffred & Weisscher, 1984: 26; 
Giaccone et al., 1985: 695; South & Tittley, 1986: 56; Boudouresque & Perret- 
Boudouresque, 1987: 34; Aleem, 1993: 102; Carrillo & Sansón, 1999: 68,92,207. 

Fucus tinctorius Clemente, 18071:316.
Fucus purpureus Turner, 1817: 67, pi. 224 nom. illeg.; Bertolini, 1819: 222, 

306, pi. 5, fig. 7a,ab. non Fucus purpureus Hudson,1762: 471; Esper,1798: 114, 
pi. LVIII [= Cystoclonium purpureum (Huds.) Batters, 1902: 68].

Rytiphlaea purpurea C.Agardh, 1817: xxv nom. nov.
Fucus striatus Draparn. //t.sr/Jfide De Toni, 1924: 1095).
Fucus phenax Sprengel, 1809: 191, pl.7, fig. 15.
Polysiphonia campanulata Delle Chiaje, 1829+: 68 (tide Falkenberg, 

1901:438).
Rytiphlaea tinctoria var. horridula J.Agardh, 1842: 145.
Rytiphlaea semicristata J.Agardh, 1842: 145; 1863: 1092; Kützing, 1849: 845.
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Rytiphlaea rigidula Kützing, 1843: 448; 1849: 845; 1865: 6, pi. 13a-d. 
Rytiphlaea seminuda Kützing, 1865: 6, pi. 14a-c.
Lectotype: MA-Algae 1473 (Crematies, 1993: 23-24, fig. 8) (not seen). 
Type Locality: Castillo de St Catalina and Punto de St Maria, Andalucia,

Spain
Distribution: As for genus (Fig. 1). There are also isolated reports of this 

species from the Red Sea (Turner, 1817: 68; Muschler, 1908: 217; Farghaly, 1980: 
165), but its presence there has not been confirmed (Papenfuss, 1968:101).

Habit and Anatomy: Plants are found from the intertidal to depths of 
60 metres (Falkenberg, 1901 and observations of specimens in GENT) in a variety 
of habitats but mostly on sandy or muddy substrate, maerl banks or shell debris. 
Thalli arise from a discoid holdfast with one to several erect axes being produced

Figs 2-7. Rytiphlaea tinctoria (Clemente) C.Agardh (2 = GENT HEC 1679, 3-7 = MELU LEP- 
R170). 2. Habit. Scale = 1 cm. 3. Habit showing regular alternate branching, incurved apices, 
transverse striations (arrows) and vegetative trichoblasts. Axes are more heavily pigmented at 
the apices. Scale = 1 mm. 4. Strongly incurved branch apices with vegetative trichoblasts. Scale = 
250 pm. 5. Detail of branch apex. Young trichoblasts are formed within a gelatinous vesicle 
(arrow) but elongate once erupted. Scale = 100 pm. 6-7. Cross-sections through young and 
mature axes showing central-axial cells (asterisks), five pericentral cells (dots), further medullary 
cells and darkly pigmented cortex. Scales 5 = 100 pm. 6 = 200 pm.
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from a single holdfast (Fig. 2). Plants reach up to 18 cm in height (Kylin, 1956), are 
yellowish to dark red-brown in colour becoming darker towards the tips of the axes, 
and coriaceous to cartilaginous in texture. Endogenous laterals are formed alter­
nately (Figs 2, 3) or irregularly from the lateral margins of the bearing axes. Apices 
are strongly incurved (Figs 3-5) and bear a row of dorsal exogenous trichoblasts, 
which are formed one per segment (Figs 4,5). Initially the trichoblasts are small and 
enclosed within a vesicle (Fig. 5), but once the vesicle erupts they elongate conside­
rably (Figs 4, 5) before becoming deciduous and leaving an inconspicuous scar.

Mature axes are 0.5-1.0 mm in width and are dorsiventrally flattened but 
without true wings, the outline in cross-section being sub-terete to oval (Figs 6, 7). 
In cross-section the axis is composed of a central-axial cell, five pericentral cells 
(two dorsal, two lateral and one ventral) and further medullary cells formed from 
the pericentral cells. The cortex forms a single layer, one or two cells thick, of small 
isodiametric cells. Although the cortex is heavily pigmented, striations are visible 
through it (Fig. 3), indicating the position of the axial segments. This feature is 
responsible for the generic name.

Reproductive material was not available for examination. Kylin (1956) 
reports procarps, cystocarps and stichidia to be like those of Halopithys. 
Falkenberg (1901) reported procarps to be formed in a dorsal row at the apex of 
ultimate axes. Cystocarps are said to be subspherical (Gayral, 1958).

Falkenberg (1901) reported male gametophytes to produce sperma- 
tangial branches in a dorsal series from the apex of otherwise unmodified axes. 
The spermatangial branches are formed on reduced trichoblasts in which the basal 
segment is sterile and the three distal segments are fertile. The spermatangial 
capitula are incurved when developing, but become straight when mature.

Remarks: Although Rytiphlaea tinctoria was described long ago and is 
widely recorded throughout its distribution, there is surprisingly little information 
about this species. It is distinguished from most members of the Amansieae by its 
lack of extended wings and from the other non-winged members by the 
dorsiventrally compressed axes and the presence of rudimentary wings.

As mentioned above, almost 50 species have been attributed to 
Rytiphlaea (Tab. 3). In most cases these species have been moved to other genera 
or were species subsequently reduced to synonymy with other species. In some 
cases, however, it has not been possible to establish the status of the species; such 
cases require further investigation.

Genus Halopithys Kiitzing, 1843: 433; 1849: 840; Schmitz & Falkenberg, 
1897: 466; Falkenberg, 1901: 471; De Toni, 1903: 1080; 1924: 426; Preda, 1908: 190; 
Newton, 1931: 340; Kylin, 1956: 544; Ardré, 1970: 220; Maggs & Hommersand, 1993: 
304; Desikachary et al, 1998: 323; Wilson & Kraft, 2000: 327.

Digeneopsis Simons, 1970:13; 1976:90.
Etymology: “Halo” = salt, “pitus” = pine tree, for the pine-like habit of 

the plant (Newton 1931).
Type species: H. pinastroides (S.G.Gmel.) Kiitz. [= H. incurva (Huds.)

Batters].
Distribution: Faroe Islands, southern England and Ireland, Channel 

Islands, Atlantic coasts of Spain, France and Portugal, Mediterranean and Adriatic 
Seas, Morocco, Canary Islands, Mozambique, northern Natal, South Africa, 
Caribbean coast of Columbia and Brazil (Fig. 1).

Thalli erect, arising from a discoid holdfast, composed of apically 
incurved indeterminate axes with indeterminate and paired determinate laterals. 
All axes terete, laterals arising endogenously or adventitiously. Reduced exoge-
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nous vegetative trichoblasts may be present in a dorsal series at the apex. Axes 
composed in cross-section of a central-axial cell, five pericentral cells (two dorsal, 
two lateral and one ventral) and a cortex of small isodiametric cells. In lower axes 
additional pseudoparenchymatous cells may be present between the pericentral 
cells and the cortex. Secondary cortication absent. Tetrasporangia produced in 
stichidia that are modified axes produced singly or in clusters on primary indeter­
minate axes. Two tetrasporangia are formed per fertile segment from the 3rd and 
4th (lateral) pericentral cells. Two to five cover cells are produced. Gametophytes 
are dioecious, and reproductive structures arise on fertile trichoblasts formed in a 
dorsal series from the apices of fertile branchlets. Fertile branchlets are formed 
singly or in clusters on or in place of indeterminate axes, or sometimes in the axils 
of determinate axes. Procarps are typical for the Amansieae and comprise a fertile 
pericentral cell that acts as a supporting cell, a four-celled carpogonial branch 
terminating in a trichogyne, and two sterile-cell groups (basal and lateral). 
Cystocarps are ovoid to globose. Spermatangial capitula are ovoid to globose.

Remarks: Halopithys is distinguished in the Amansieae by the completely 
terete axes. The genus to which it bears the closest resemblance is Rytiphlaea, 
which differs in having dorsiventrally compressed axes and rudimentary wings. 
The type species, H. incurva, has been known from the Mediterranean since at 
least the eighteenth century. The other two species, 
H. schottii and H. subopaca, have been here included in Halopithys on the basis 
of their terete axes and paired determinate laterals.

Key to the species of Halopithys.
la. Lateral branch formation very dense - indeterminate axes not visible between 

determinate laterals; ratio of central-axial to pericentral cell diameters (c:p)
= 1:3-4; distribution restricted to southeastern Africa .............. H. subopaca

lb. Lateral branch formation sparse to dense - indeterminate axes visible between 
determinate laterals; c:p = 1:1.0-2.0; distribution in Atlantic Ocean,
Mediterranean and Caribbean S e a s .................................................................... 2

2a. Lateral branch formation sparse; c:p = 1:1.5-2.0; distribution restricted to
Caribbean S e a .........................................................................................H. schottii

2b. Lateral branch formation moderate to dense; c:p = 1:1; distribution in 
Mediterranean Sea and eastern Atlantic O c e a n .............................  H. incurva

1. Halopithys incurva (Huds.) Batters, 1902: 78; Newton, 1931: 340, fig. 
210; J.Feldmann, 1942: 92; J.Feldmann & G.Feldmann, 1946: 176, fig. 6; Ardré, 1970: 
220; Gerloff & Geissler, 1971: 784; Levring, 1974: 104; Cooke, 1975): 200; Tsekos 
& Haritonidis, 1977: 61; Guiry, 1978: 127; Nizamuddin et al, 1979: 475; Meñez & 
Mathieson, 1981: 49; Giaccone et al., 1985: 681; South & Tittley, 1986: 54; 
Boudouresque & Perret-Boudouresque, 1987: 30; Aleem, 1993: 99; Maggs & 
Hommersand, 1993: 305, fig. 93; Silva eta!., 1996: 495; Desikachary eta!, 1998: 324; 
Carrillo & Sansón, 1999: 68, 92, 205.

Fucus incurvus Hudson, 1762: 470.
Ceramium incurvum (Huds.) Lamarck et Candolle, 1815: 43.
Fucus pinastroides S.G.Gmelin, 1768: 127, pi. XI, fig- 1 nom. Ules:. 

Stackhouse, 1797: 74, pi. XIII (incl. var a  pinastroides and var. ß  incurvus) ', Esper, 
1800: 146, pi. XCIX; Turner, 1808: 22-23, pi. 11; Bertoloni, 1819: 223, 307.

Sphaerococcus pinastroides Stackhouse, 1797: xxiv nom. illeg.
Rytiphlaea pinastroides C.Agardh, 1817: xxv nom. illeg.', J.Agardh, 1842: 

145; 1863: 1088; Endlicher, 1843: 48; Harvey, 1847: 32; 1849: 80, pi. IID; 1855b: 224
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(“probably some mistake”); Derbès & Sober, 1856: 74, pi. XXI, fig. 3-7; Ardissone 
& Strafforello, 1878: 217; Le Jobs, 1880: 147; Ardissone, 1883: 421; Hauck, 1885: 248.

Gigartina pinastroides Lyngbye, 1819: 45 nom. illeg.
Rhodomela pinastroides C.Agardh, 1822: 381 nom. illeg.', 1824: 200; 

Sprengel, 1827: 343; Naccari, 1828: 76 (Rodomela pinastroide); Greville, 1830: b, 
104, pi. 13; Richard, 1832: 1; Mackay, 1836: 197; Zanardini, 1841: 182; Hooker & 
Harvey, 1845: 533; Bertoloni, 1862: 130.

Halopithys pinastroides Kützing, 1843: 433, pi. 52, fig. II nom. illeg.', 1845: 
327; 1849: 840; 1865: 10, pi. 27a-d; Frauenfeld, 1855: 63; Martens, 1868: 4,98; Holmes 
& Batters, 1890: 94; Bornet, 1892: 303; Schmitz & Falkenberg, 1897: 466; 
Falkenberg, 1901: 472, pi. 9, figs 1-5; De Toni, 1903: 1081; 1924: 426; Mazza, 1905- 
1911: 364; Preda, 1908: 190; van Heurck, 1908: 74; Schmidt, 1924: 97; Borgesen, 
1930: 117, fig. 48; Kylin, 1956: 544; Gayral, 1958: 496, pi. CL, fig 72B; Haritonidis & 
Tsekos, 1974: 37; 1975: 217; 1976: 281; Tsekos & Haritonidis, 1977: 61. non 
Halopithys pinastroides sensu Seagrief, 1984: 34 (= H. subopaca, see De Clerck et 
al., 2002).

Rhodomela pinastroides var. episcopalis Montagne, 1840t: 153, pi.8, fig. 3.
Rhodomela episcopalis Montagne, 1842: 253.
Rytiphlaea episcopalis (Mont.) Endlicher, 1843: 48.
Lophura episcopalis (Mont.) Kützing, 1849: 851; 1865: pi. 40d-h; 

Falkenberg, 1901: 472.
Lectotype: BM ex Herb. Pulteney, England, unlocalized (Maggs & 

Hommersand, 1993: 305) (not seen).
Type Locality: Sussex, England
Distribution: Faroe Islands, southern England and Ireland, Channel 

Islands, Atlantic coasts of Spain, France and Portugal, Mediterranean and Adriatic 
Seas, Morocco, Madeira and the Canary Islands. There have been isolated reports 
from New Zealand [Richard, 1832:1, “Banks, ñde Turner... probably some mis­
take” Harvey, 1855b: 224], Sri Lanka [“Ceylon nach Smith” Martens, 1868] and 
Brazil (Schmidt, 1924) although it is probable that the latter record may be 
referrable to H. schottii (Fig. 1).

Habit and Anatomy: Plants are erect, reaching to 30 cm in height 
(Fig. 8), and are found in a variety of habitats including intertidal pools, “infra- 
littoral; on sand and mud on sheltered coasts” (Haritonidis & Tsekos, 1974) and 
to depths of 30 metres (Falkenberg, 1901). Plants are composed of one or several 
indeterminate axes 0.8-1.0 mm in diameter that are terete and arise from a discoid 
holdfast. The indeterminate axes branch alternately to irregularly (Fig. 9). The 
major axes and their lateral branches bear opposite pairs of simple or compound 
determinate laterals, 0.5-0.9 mm in diameter. Where compound, the secondary lat­
erals are formed in opposite pairs. Apices are strongly to weakly incurved 
(Figs 8, 9) and may produce exogenous trichoblasts in a dorsal row.

In cross-section the axes are composed of a central-axial cell, 125-150 pm 
in diameter, and five pericentral cells equal to or only slightly larger than the 
central-axial cell (Fig. 10). In younger branches the pericentral cells are sur­
rounded only by a cortex, one to two cells thick, of small isodiametric heavily pig­
mented cells. In older branches the cortex may be thicker and up to 4 layers of 
pseudoparenchymatous cells may be found between the pericentral cells and the 
heavily pigmented cortex (Fig. 10).

Reproductive material was not available for examination but has been 
described by Maggs & Hommersand (1993). Tetrasporangia are formed, two 
per fertile segment, in stichidia that take the place of branches on determinate 
laterals. It has not been reported whether the stichidia bear trichoblasts from their
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Figs 8-10. Halopithys incurva (Huds.) Batters. (8 = GENT HEC 3260, 9 = JAW 1547, 10 = GENT 
HEC 4778). 8. Habit. Scale = 2 cm. 9. Branch apex with alternate laterals and obvious transverse 
striations. Scale = 1 mm. 10. Cross section showing central-axial cell (asterisk), five pericentral 
cells (dots), further pseudoparenchymatous cells and darkly pigmented cortex. Scale = 500 mm.

apices. Gametophytes are dioecious, procarps forming on trichoblasts produced in 
a dorsal series in the same manner as vegetative trichoblasts. Procarps arise on the 
epibasal segment of the trichoblast with the ventral pericentral cell acting as the 
supporting cell. One to two mature cystocarps are found on a fertile branchlet and 
are ovoid to slightly urceolate and approximately 750 pm in diameter (Maggs & 
Hommersand, 1993, fig. 93F). Male gametophytes produce spermatangial branches 
in a dorsal series on determinate laterals. The spermatangial branches consist of 
one to two sterile basal segments terminated by spherical to ovoid spermatangial 
capitula (Maggs & Hommersand, 1993, fig. 93D, E).

Remarks: Although this species is widely reported to possess five peri­
central cells around the central-axial cell, both Kützing (1865, pi. lOd) and Maggs 
& Hommersand (1993, fig. 93C) clearly illustrate cross-sections with six cells 
surrounding the central-axial cell. The illustration of Falkenberg (1901, pi. 9, 
fig. 3) shows a cross-section with five pericentral cells and a trichoblast initial 
making a sixth cell in the pericentral ring. This may explain the apparent sixth 
pericentral cells in the illustrations of Kützing (1865) and Maggs & Hommersand 
(1993).

This species is distinguished from most other members of the Amansieae 
by its terete axes. It differs from the other two species in the genus in branching 
density and in the comparative diameters in cross-section of central-axial to 
pericentral cells (see below). In habit it is most like Rytiphlaea tinctoria, the 
distribution of the two species overlapping over most of their ranges. They differ 
in the profile of the cross-section, Rytiphlaea’s being ovoid compared with the 
strictly circular profile of Halopithys. They also differ in the position of the repro-
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ductive branchlets, which are often found in the axils of laterals in Halopithys 
incurva and positioned irregularly in Rytiphlaea.

2. Halopithys schottii (W.R.Taylor) L.K.Phillips et De Clerck, comb.
nov.

Protokuetzingia schottii W.R.Taylor', 1941: 100, pi. II; 1960: 607; Joly et al., 
1966: 52, pi. III, figs 3-7.

Enantiocladia schottii (W.R.Taylor) S.M.Wilson et Kraft, 2000: 338, fig. 5.
Holotype: F980817 Isotype: MICH (not seen).
Type Locality: Cartagena, Columbia (Schott, No. 19, Nov. 1857).
Distribution: Caribbean coast of Columbia and Brazil (Fig. 1).
Habit and Anatomy: Plants are erect and up to 18 cm in height. Habitat 

details are not known. The axes are terete and arise from a discoid holdfast 
2-4 mm in diameter. Major axes are apparently indeterminate, 1-2 mm in diame­
ter, and branch alternately to irregularly (Figs 11, 12). Apices are strongly to 
weakly incurved and may produce compound exogenous trichoblasts in a dorsal 
row (Fig. 13). The indeterminate axes bear opposite determinate laterals 
approximately 0.5 mm in diameter and up to 1.5 (-2.0) mm in length (Figs 12, 14). 
Pairs of determinate laterals are fairly regularly spaced, being separated by 
1-3 mm (4-10 segments) (Fig. 12). Determinate laterals may be compound and 
may be accompanied by adventitious branchlets that arise near the base of the 
axes (Fig. 14).

In cross-section axes are composed of a central-axial cell and five peri­
central cells (Fig. 15). The pericentral cells are 180-200 mm in diameter, which is 
approximately 1.5-2.0 times the diameter of the central-axial cell. In moderately 
old branches the pericentral cells are surrounded by a layer of pseudoparenchy- 
matous cells and a cortex, one cell thick, of small, darkly pigmented, isodiametric 
cells (Fig. 15).

Tetrasporophytes were described by Joly et ai. (1966) as bearing stichidia 
2 mm in length by approximately 250 pm in width that produce two sporangia per 
fertile segment. The stichidia are formed on determinate branchlets and appar­
ently bear vegetative trichoblasts from their apices (see Joly et ai., 1966, p. 53 and 
pi. 3, figs 5-7). Gametophytes are dioecious. Female gametophytes produce sessile 
globular to urceolate cystocarps in a dorsal row on determinate laterals (Fig. 16). 
Mature cystocarps were not seen. Male gametophytes produce spermatangial 
branches in a dorsal series on determinate laterals (Fig. 17). Spermatangial 
capitula are ovoid, 200-250 pm in length and subtended by a single sterile segment 
(Fig. 17).

Remarks: Taylor (1941) discussed at some length the possible generic 
affiliations of this species. He considered the only possibilities to include 
Protokuetzingia and Halopithys, rejecting Rytiphlaea and the remainder of the 
Amansieae as all possessing a winged thallus. He rejected Halopithys on the basis 
of sparse branching [H. pinastroides (= incurva) being densely branched] and the 
size of the pericentral cells [all being of equal size in H. pinastroides (=incurva) 
compared with two being a little smaller (according to his interpretation) in 
P. schottii], Taylor (1941) noted the disparity in pericentral cell number between P. 
australasica and P. schottii but considered the habit of the two species to be similar 
enough to include them in the same genus.

Wilson & Kraft (2000), in their study of the genus Protokuetzingia, trans­
ferred P. schottii to Enantiocladia, emphasising the importance of pericentral cell 
number as a generic character in the Amansieae. Their choice of Enantiocladia 
was provisional. This species does not conform to the generic description of
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Figs 11-17. Halopithys schottii (W.R.Taylor) L.E.Phillips et De Clerck. (11-16 = F980817, 17 = 
FIO 13299). 11. Habit. Scale = 5 cm. 12. Detail of branching showing indeterminate axes with 
paired compound determinate laterals (arrows). Scale = 2 mm. 13. Branch apex with exogenous 
trichoblasts (arrows). Scale = 100 pm. 14. Detail of compound indeterminate axis with adventi­
tious branchlet arising near its base (arrow). Scale = 500 pm. 15. Cross-section showing central- 
axial cell surrounded by five pericentral cells (dots), pseudoparenchymatous cells and darkly 
pigmented cortex. Scale = 200 pm. 16. Incurved branchlets bearing dorsal series of procarps. 
Scale = 200 pm. 17. Spermatangial branch borne dorsally on tightly incurved branchlet. A single 
sterile segment (arrow) subtends the ovoid spermatangial capitulum. Scale = 100 pm.
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Enantiocladia sensu Wilson & Kraft (2000, p. 332) where the thalli are described 
as being flattened and with medullary wings.

Taylor (1941) objected to placing P. schottii in Halopithys because of the 
difference in density of the branching. Branching density, however, is a charac­
ter that can be influenced by a variety of factors including age, health and envi­
ronmental conditions. The Caribbean species has been collected so infrequently 
that the range of variability in this character is not known, and the density of 
branching, which may ultimately prove to be a useful species character, should 
not be given undue emphasis at this stage. The other difference between the 
Caribbean species and Halopithys was described (Taylor 1941, p. 102) as a 
difference in the diameters of pericentral cells. Taylor’s illustration (1941, PI. II, 
fig. 9) and the material examined here (Fig. 15) shows all pericentral cells to have 
virtually identical sizes, agreeing very well with the condition seen in Halopithys 
incurva.

Although thorough investigation of more specimens of this species would 
be desirable, it is clear that its generic affinities lie with neither Protokuetzingia 
nor Enantiocladia but with Halopithys.

3. Halopithys subopaca (Simons) L.E.Phillips et De Clerck, comb. nov.
Digeneopsis subopaca Simons, 1970: 13, figs 10, 11E-G; Seagrief, 1984: 24; 

Silva et al., 1996: 491; De Clerck et al, 2002: 421, fig. 34.
Holotype: BOL [Isaac B. 273 sub. Simons 2748 (parte)].
Type Locality: Santa Maria, Inhaca, Mozambique.
Distribution: known only from Mozambique and northern Natal, South 

Africa (Fig. 1).
Habit and Anatomy: Thalli are erect and reach up to 10 cm in height (Figs 

18-20), and are found in intertidal pools and the shallow subtidal. Plants are com­
posed of one or several major indeterminate axes 1.0-1.5 mm in diameter that are 
terete and arise from a discoid holdfast (Figs 18-20). The indeterminate axes are 
irregularly and infrequently branched and densely clothed for their entire lengths 
in compound determinate laterals. These determinate laterals are formed endoge­
nously and oppositely (Fig. 21) and are 3-4 (-6) mm in length. Where compound, 
the secondary laterals are formed oppositely near the base (Fig. 21) and are usu­
ally endogenous although adventitious secondary laterals may also be formed 
from cortical cells. Apices are strongly to weakly incurved, and may produce small 
exogenous trichoblasts in a dorsal row. The first pericentral cell is produced always 
to the left of the trichoblast initial (i.e. anticlockwise if looking down on the apex 
from above).

In cross-section axes are composed of a central-axial cell and five peri­
central cells (Fig. 22). The central-axial cell, at approximately 30-40 pm in 
diameter, is considerably smaller than the pericentral cells, all of which are 
approximately 150 pm in diameter. In younger indeterminate branches and in all 
determinate laterals the pericentral cells are surrounded only by a cortex, one to 
two cells thick, of small isodiametric heavily pigmented cells. In older branches the 
cortex may be thicker and layers of pseudoparenchymatous cells may be found 
between the pericentral cells and the heavily pigmented cortex (Fig. 22).

Tetrasporangia are produced in stichidia (Fig. 23) found on the determi­
nate laterals. Two tetrasporangia are produced in each segment from the 3rd and 
4th pericentral cells. Trichoblasts are not produced from apices of stichidia. 
Gametophytes are presumably dioecious. Procarps are formed on the epibasal 
cells of reduced trichoblasts produced in a dorsal series on determinate laterals. 
The fertile trichoblast cell produces five elongate pericentral cells (Figs 24, 25), the
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Figs 18-22. Halopithys subopaca (Simons) L.E.Phillips et De Clerck. (18-20 = GENT KZN368A, 
21-22 = GENT KZN1641). 18-20. Elabits. Scale = 2 cm. 21. Apical portion showing opposite 
determinate laterals. Scale = 200 pm. 22. Cross-section through axes showing central-axial cell 
(asterisk), five pericentral cells (dots) and small-celled cortex. Scale =100 pm.

Figs 23-25. Halopithys subopaca (Simons) L.E.Phillips et De Clerck. (23 = GENT KZN748A, 24- 
25 = GENT KZN1641). 23. Lateral view of tetrasporangial stichidia with immature tetrasporan­
gia. Scale = 200 pm. 24. Incurved branchlet bearing dorsal series of fertile trichoblasts. 
Trichoblasts are derived exogenously (arrow). The basal segment is initially monosiphonous 
(arrowhead) while the epibasal segment divides. Scale = 50 pm. 25. Procarp showing the four- 
celled carpogonial branch (arrowheads and black arrow) terminating in a developing trichogyne 
(black arrow). Both the trichoblast segment above and below the fertile segment have become 
polysiphonous (white arrows). Scale = 50 pm.
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fifth (ventral) one acting as the supporting cell. The trichoblast segments proximal 
and distal to the procarp become polysiphonous before fertilisation (Fig. 25) and 
contribute to the formation of the pericarp. Cystocarps and male gametophytes 
have not been recorded for this species.

Remarks: This species is similar to the other species of Halopithys in the 
terete profile of the axes. The major difference between them is in overall habit, 
H. subopaca having distinctive indeterminate axes that are densely clothed with 
strictly determinate laterals of uniform length. They differ also in the relative sizes 
of the central-axial cell and pericentral cells in cross-section. In H. incurva the cen­
tral-axial cell is of similar diameter to the pericentral cells (c:p = 1:1). In 
H. schottii the central-axial cell is a little smaller than the pericentral cells (c:p = 
1:1.5-2.0), whereas in H. subopaca the central-axial cell is much smaller than the 
pericentral cells (c:p = 1:3-4).

When Simons (1970) originally described Digeneopsis, he failed to 
compare it with any genus apart from Digenea. The suite of small differences 
between this species and the type species of Halopithys, H. incurva, does not 
warrant separate generic status for Digeneopsis subopaca although they do, in 
combination with the disjunct distributions, provide good characters for specific 
separation and identification.

MOLECULAR RESULTS

The molecular analyses resulted in the phylogenetic trees shown in Fig. 26. 
In all analyses Halopithys incurva and Rytiphlaea tinctoria formed a highly 
supported, monophyletic group to the exclusion of all other included members of 
the Amansieae. The relationships within the Amansieae were, in general, not highly 
resolved, but the close link between these two species was universally supported. 
The clade containing Rytiphlaea and Halopithys showed no particular affinity to the 
other non-winged species, Protokuetzingia australasica, which instead grouped with 
high support with Kuetzingia canaliculata. The latter is a winged species that, like 
Protokuetzingia, produces six pericentral cells (Wilson & Kraft, 2000).

DISCUSSION AND CONCLUSIONS

The non-winged members of the Amansieae include four species with 
five, and one species with six pericentral cells. The molecular analyses have 
confirmed the long-held belief (Falkenberg, 1901; Kylin, 1956; Hommersand, 1963; 
Wilson & Kraft, 2000) that pericentral cell number is of fundamental importance 
in determining relatedness within the Amansieae, as Protokuetzingia was shown 
not to be closely related to Halopithys and Rytiphlaea. The remaining four non- 
winged species have been separated into two genera based on the compressed 
versus terete profiles of the axes in cross-section. This is a distinction that was first 
made in 1843 when Kiitzing established Halopithys. The molecular analyses, 
however, suggest that the two genera are very closely related, and as they are two 
of only three amansioid species found in the eastern Atlantic Ocean and



26 Phillips L.E. & De Clerck O.

100

Protokuetzingia australasica 
Kuetzingia canaliculata 
Epiglossum smithiae 

Lenormandia spectabilis 
 Adamsiella melchiorii

3 r

Osmundaria ( Vfdaha) colensoi 
Melanamansia mamillaris 
Melanamansia glomerata 

Neurymenia fraxinifolia 
Aneurianna dentata 

Osmundaria (Vidalia) spiralis 
Osmundaria prolifera 

Halopithys incurva 
Rytiphlaea tinctoria 

Osmundaria (Vidalia) fimbriata 
Polysiphonia howei 

Polysiphonia savatieri

□ion
>S

’ 0 005

Fig. 26. Maximum Likelihood Phylogram (left) and Strict Consensus Cladogram of 10 Most- 
Parsimonious Trees (right) [Length = 297 steps. Cl = 0.798, RI = 0.610] inferred from analyses 
of the 18S rRNA gene. Numbers above nodes indicate bootstrap support for the phylogenies 
over 1000 bootstrap replicates using Neighbor-Joining (left) and Parsimony (right) criteria. 
Values less than 50 are omitted. Values below the nodes (right) indicate Bremer support (decay 
indices).

Mediterranean Sea [the other being Osmundaria (Vidalia) volubilis (Linnaeus) 
R.E.Norris], it is not unreasonable to assume that they are derived from a 
common ancestor.

The terete profile of Halopithys and its simple axial construction suggest 
that it may be a primitive form within the Amansieae. The molecular results, how­
ever, do not necessarily support this. The six-pericentral-celled Amansieae form a 
clade sibling to the remainder of the Amansieae. The resolution of other genera 
and species in the tribe is not clear from these analyses, but the Halopithys and 
Rytiphlaea clade is not basal in the tribe. This suggests the possibility that the 
terete/sub-terete nature of the axes in these genera may be a derived condition, 
resulting from the loss of wings.

Inclusion of the other two species of Halopithys in the molecular analy­
ses may help to clarify the position of this clade, as would a molecular investi­
gation using a less-conserved gene than the 18S rRNA gene used here. If 
Rytiphlaea were found, in these further analyses, to be positioned within a clade 
containing the three Halopithys species, there may be grounds for including all 
four species within a single genus. Although there are few morphological charac­
ters separating Rytiphlaea and Halopithys (compressed versus terete axes and 
presence/absence of rudimentary wings), these are considered significant enough 
to retain generic separation at this time. The formation of wings is a feature typical
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of the Amansieae, and whether the absence of wings is ancestral or derived, the 
intermediate state exhibited by Rytiphlaea must be considered significant in the 
evolutionary development of the tribe.

Acknowledgements. The first author is grateful to Dr G. T. Kraft for his advice 
and the use of the facilities in his laboratory where some of this work was carried out 
and to Prof. M. Clayton for the use of her laboratory. Thank you to G. Furnari, 
M. Hommersand, J. Huisman, W. Nelson and J. West who kindly provided material for mor­
phological or molecular analyses, to J. Huisman and M. Wynne for access to references and 
helpful improvements to the manuscript, to P. Silva for nomenclatural advice and to the 
curators of the Field Museum of Natural History, Chicago for the loan of the type material 
of Protokuetzingia schottii. LEP was financially supported by a Commonwealth of 
Australia, Australian Postgraduate Award. O. De Clerck is indebted to the Fund for 
Scientific Research Fund -Flanders (FWO - Flanders) for a postdoctoral grant. Funding for 
the collection of the Digeneopsis material was provided by the International Scientific and 
Technological Cooperation (BIL 98/84) between the Ghent University and the University 
of Cape Town and FWO Research Project (3G002496). We especially thank Prof. 
E. Coppejans (Ghent University) for the use of his extensive collections of Mediterranean 
algae.

Thanks are also due to M. Hommersand, M. Wynne and P. Silva for helpful 
comments, nomenclatural advice and tricky references.

REFERENCES

(t indicates references not seen by the authors, but included for completeness).
AGARDH C.A., 1817 — Synopsis algarum Scandinaviae adjecta dispositione universali 

algarum. Lund, Berling, xi + 135 p.
AGARDH C.A., 1822 — Species Algarum. Vol. 1, Part 2. Lund, Berling, viii + 169-398 p.
AGARDH C.A., 1824 — Systema Algarum. Lund, Berling, xxxviii + 312 p.
tAGARDH C.A., 1827 — Aufzählung einiger in den östreichischen ländern gefundenen 

neuen gattungen und arten von algen, nebst ihrer diagnostik und beigefügten 
bemerkungen. Flora 10: 625-646.

AGARDH C.A., 1828 — Species Algarum. Vol. 2 Pt. 1. Lund, Berling, 189 p.
AGARDH J.G., 1841 — In historium algarum symbolae. Linnaea 15: 1-50, 443-457.
AGARDH J.G., 1842 — Algae maris Mediterranei et Adriatic! observationes in diagnosin 

specierum et dispositionem generum. Paris, x + 164 p.
AGARDH J.G., 1863 — Species, Genera et Ordines Algarum. Volume 2, Part 3. Lund, 

Gleerup, pp. 701-1291.
AGARDH J.G, 1885 — Till algernes Systematik. Nya bidrag. (Fjerde afdelningen). Acta 

Universitets lundensis, Afdelningen för Mathematik och Naturvetenskap 21: 1-117.
AGARDH J.G. 1894 — Analecta Algologica. Continuatio II .Acta Universitets lundensis 30: 

1-98.
ALEEM A.A., 1993 — The marine algae o f  Alexandria, Egypt. Alexandria, 138 p., 55 pis.
ARDISSONE F., 1883 — Phycologia mediterranea. Parte Prima. Floridee. Memorie delia 

Società Crittogamologica Italiana 1: x + 516 p.
ARDISSONE F. & STRAFFORELLO J., 1878 — Enumerazione delle alghe di Liguria. 

Milano, 238 p.
ARDRE F., 1970 — Contribution a l’étude des algues marines du Portugal. 1 - La flore. 

Portugaliae Acta Biológica, ser. B 10: 1-423 + 56 pis.
AUDIFFRED P.A.J. & WEISSCHER F.L.M. 1984 — Marine algae of Selvagem Grande 

(Salvage Islands, Macaronesia) (Cancap -  project Contributions no. 40). Boletim 
do Museo Municipale Funchal 36:5-37.

BATTERS E.A.L., 1902 — A catalogue of the British marine algae. Journal o f  Botany 
40 suppl., 107 p.



28 Phillips L.E. & De Clerck O.

BERTOLONI A., 1819 — Amoenitates Italicae sistentes opuscula ad rem herbarium et 
zoologiam Italiae spectantis. Boniniae, 472 p.

BERTOLONI A., 1862 — Flora Italica cryptogama, Pars secunda. Bononiae, Fasciculus I,- 
pp. 1-128: Fasciculus II, pp. 129-256.

BORGES EN F., 1930 — Marine algae from the Canary Islands III. Part III Ceramiales. 
Kongelige Danske Videnskabernes Selskab, Biologiske Meddelelser 9: 1-159.

BORNET É., 1892 — Les algues de P.-K.-A. Schousboe, récoltées au Maroc & dans la 
Méditerranée de 1815 à 1829. Mémoires de la .Société Nationales des Sciences 
Naturelles et Mathématiques de Cherbourg 28 :165-376, 3 pis.

BOUDOURESQUE C.F. & PERRET-BOUDOURESQUE M.M., 1987 — A  checklist o f  
the benthic marine algae o f  Corsica. Marseille, GIS Posidonie Publ., 121 p.

CARILLO J.A. & SANSÓN M., 1999 — Algas, hongos y  fanerógamas marinas de las Islas 
Canarias. Clave analítica. Santa Cruz de Tenerife, Universidad de la Laguna, 
254 p.

tCLEMENTE Y RUBIO S., 1807 — Ensayo sobre las variedades de la vid común que 
vegetan en Andalucía. Madrid, xviii + 324 p.

tCOOKE P.J., 1975 — Halopithys incurvus Batt., an addition to the algae of the west coast 
of Ireland. Irish Naturalists Journal 18: 200.

CREMADES U.J., 1993 — Contribución al conocimiento de la obra ficológica de Simon 
de Rojas Clemente (1777-1827): typificación de Ios nuevos nombres de su ensayo. 
Annales Jardin Botánico de Madrid 51: 5-32.

DEBEAUX O., 1875 — Algues marines récoltées en Chine pendant l’expédition Française 
de 1860-1862. Actes de la .Société Linnéenne de Bordeaux 30: 41-56.

DECAISNE J., 1841 — Plantes de l’Arabie heureuse, recueillies par M.P.-E. Botta et 
décrites par M.J. Decaisne. Archives du Muséum d ’Histoire Naturelle [Paris] 2: 89- 
199, pis. v-vii.

DECAISNE J., 1842 — Essais sur une classification des algues et des polypiers calcifères 
de Lamouroux. Annales des Sciences Naturelles, Botanique, sér. 2. 17: 297-380. 18: 
96-128.

DE CLERCK O, ENGLEDOW H.R., BOLTON J.J., ANDERSON R.J. & COPPEJANS 
E. 2002 — Twenty marine benthic algae new to South Africa, with emphasis on 
the flora of Kwazulu-Natal. Botanica Marina 45 : 413-431.

DELF E.M. & MICHELL M.R., 1921 — The Tyson collection of marine algae. Annals o f  
the Bolus Herbarium 3: 89-119.

JDELLE CHIAJE S., 1829 — Hydrophytologiae regni neapolitani icones. Neapoli, Fasc. 1. 
16 p., pis. 1-50, Fasc. 2. 11 p., pis. 51-100.

DERBES A. & SOLIER A.J.J., 1856 — Mémoire sur quelques points de la physiologie des 
algues. Supplément aux Comptes Rendus Hebdomadaires des Séances de 
1 Académie des Sciences 1: 1-120, 23 pis.

DESIKACHARY T.V., KRISHNAMURTHY V. & BALAKRISHNAN M.S., 1998 — 
Rhodophyta. Vol. I I  -  Part IIB. Madras Science Foundation, Chennai, 359 p., 89 
figs, xxxl pis.

DE TONI G.B., 1903 — Sylloge algarum omnium hucusque Cognitarum. Vol. 4. Florideae. 
Sectio 3. Padua, Privately published, pp. 775-1525.

DE TONI G.B., 1924 — Sylloge algarum omnium hucusque Cognitarum. Vol. 6. Florideae. 
Sectio 5. Additamenta. Padua, Privately published, xi + 767 p.

DUCKER S.C., 1979 — History of Australian phycology: the significance of early French 
exploration. Brunonia 2: 19-42.

ENDLICHER S.L., 1843 — Mantissa botanica altera. Sistens generum plantarum supple- 
mentum tertium. Universitas Bibliopolam, Vindobonae [Wien], Apud F. Beck, 
[vi +] 111 p.

ESPER E.J.C., 1798 — leones fucorum cum characteribus systemicis, synonimis auctorum et 
descriptionibus novarum specierum. Erster Theil, Zwentes heft. Nürnberg, 
pp. [55 ] 57-126, pis XXV-LXIII.

ESPER E.J.C., 1800 — leones fucorum cum characteribus systemicis, synonimis auctorum et 
descriptionibus novarum specierum. Erster Theil, Viertes heft. Nürnberg, 
pp. 127-150, 191-217.



The non-winged Amansieae (Rhodomelaceae) 29

FALKENBERG P., 1901 — Die Rhodomelaceen des Golfes von Neapel und der angren­
zenden Meeres-Abschnitte. Fauna und Flora des Golfes von Neapel. Monograph 
26. Berlin, Friedländer, xvi +754 p., 10 figs, 24 pis.

FARGFIALY M.E.-S., 1980 — Algues benthiques de la Mer Rouge et du bassin occidental 
de FOcean Indien. Thèse, Université des Sciences et Techniques du Languedoc. 
Académie de Montpellier. 299 p.

FELDMANN J., 1942 — Les algues marines de la Côte des Albères. IV. Rhodophycées 
(fin.). TravauxAlgologiques [Revue algologique 12] 1: 29-113.

FELDMANN J. & FELDMANN G , 1946 — Recherches sur l’appareil conducteur des 
Floridées. Revue de Cytologie et de Cytophysiologie Végétales 8: 159-209.

FELDMANN J. & TIXIER R., 1947 — Sur la Floridorubine, pigment rouge des plastes 
d’une Rodophycée (Rytiphlaea tinctoria (Clem.) C. Ag.). Revue Générale de 
Botanique 54: 341-353.

FORSSKÂL P.. 1775 — Flora aegyptiaco-arabica Havniae [Copenhagen], 32 + cxxvi +
219 p.

FRAUENFELD G , 1855 — Die algen der Dalmatischen küste mit hinzufügung der von 
Kützing in Adriatischen meere überhaupt aufgeführten arten. Wien, xviii + 78 p., 
26 pis.

GAYRAL P., 1958 — Algues de la Côte Atlantique Marocaine. Rabat, Société des sciences 
naturelles et physiques du Maroc, 523 p.

GERLOFF J. & GEISSLER U , 1971 — Eine revidierte Liste der Meeresalgen 
Griechenlands. Nova Hedwigia 22: 721-793.

GIACCONE G.. COLONNA P. GRAZIANO C.. MANNINO A.M.. TORNATORE E.. 
CORMACI M., FURNARI G. & SCAMMACCA B., 1985 — Revisione delia 
flora marina di Sicilia e isole minori. Bollettino Accademia Gioenia delle Scienze 
Naturale 18: 537-781.

GILBERT D.G., 1995 — SeqPup, a biological sequence editor and analysis program for 
Macintosh computers. Available via anonymous ftp to ftp.bio.indiana.edu.

GMELIN S.G, 1768 — Historia fucorum. Petropoli [St Petersburg], xii + 239 + 6 p., 35 pis.
GREVILLE R.K., 1830 — Algae Britannicae. Edinburgh, Maclachlan & Stewart, lxxxviii + 

218 p. + 19 pis.
GREVILLE R.K., 1831 — Description of two new species of marine algae. Edinburgh 

Journal o f  Natural and Geographical Science 3: 148-150, pi. IV.
tGREVILLE R.K., 1833 — Algae. In : De Saint Hilaire A., Voyage dans le district des 

diamans er sur le littoral du Brésil... Vol. 2. Paris, pp. 423-424, 436, 447-450.
GUIRY M.D., 1978 — A concensus and bibliography of Irish seaweeds. Bibliotheca 

Phycologica 44: 1-287.
HARITONIDIS S. & TSEKOS I., 1974 — A survey of the marine algae of Thassos and 

Mytilene Islands, Greece. Botanica Marina 17: 30-39.
HARITONIDIS S. & TSEKOS I., 1975 — Marine algae of northern Greece. Botanica 

Marina 18: 203-221.
HARITONIDIS S. & TSEKOS I., 1976 — Marine algae of the Greek west coast. Botanica 

Marina 19: 273-286.
HARVEY W.H., 1834 — Notice of a collection of algae, communicated to Dr. Hooker by 

the late Mrs Charles Telfair, from “Cap Malheureux”, in the Mauritius: with 
descriptions of some new and little known species. Journal o f  Botany [Hooker] 
1:147-157, pis. cxxv-cxxvi.

HARVEY W.H., 1847 — Nereis Australis. London, Reeve Brothers, 124 p., 50 pis.
HARVEY W.H., 1849 — A  manual o f  the British marine algae. [2 Edn] London, John van 

Voorst, lii + 252 p., 27 pis.
HARVEY W.H., 1853 — Nereis boreali-americana. Part II. Rhodospermeae. Smithsonian 

Contributions to Knowledge 5: 1-258.
HARVEY W.H., 1855a — Some account of the marine botany of the colony of Western 

Australia. Transactions o f  the Royal Irish Academy 22: 525-566.
HARVEY W.H., 1855b — Algae. Irr. Hooker J.D. (Ed.), The Botany o f  the Antarctic Voyage 

o f H.M. Discovery Ships Erebus and Terror in the years 1839-1843. II. Flora 
Novae-zelandiae. Part II. London, Reeve, pp. 211-266, pis 107-121.

ftp://ftp.bio.indiana.edu


30 Phillips L.E. & De Clerck O.

HARVEY W.H., 1857 — Algae. In: Narrative of the expedition of an American squadron 
to the China Seas and Japan, performed in the years 1852, 1853, and 1854, under 
the command of Commodore M.C. Perry, United States Navy. Vol. 2. .Senate o f  the 
Thirty-third Congress, Second Session, Executive Document 79: 331-332 (CIS US 
Serial No. 770, fiche 5).

HARVEY W.H., 1860 — Phycologia Australica. Vol. 3. London, Reeve, pis 121-180.
HARVEY W.H., 1863 — Phycologia Australica. Vol. 5. London, Reeve, pis 241-300, 

p. i-lxxiii.
HASEGAWA M., KISHINO H. & YANO K., 1985 — Dating of the human-ape splitting 

by a molecular clock of mitochondrial DNA. Journal o f  Molecular Evolution 22: 
160-174.

HAUCK E, 1885 — Die Meeresalgen Deutschlands und Oesterreichs. Leipzig, xxiii + 575 p., 
583 figs, 5 pis.

HOLMES E.M. & BATTERS E.A.L., 1890 — A revised list of the British marine algae. 
Annals o f  Botany 5: 63-107.

HOMMERSAND M. H., 1963 — The morphology and classification of some Ceramiaceae 
and Rhodomelaceae. University o f  California Publications in Botany 35: 165-366.

HOOKER J.D. & HARVEY W.H., 1845 — Algae Novae Zelandiae: being a catalogue of 
all the species of algae yet recorded as inhabiting the shores of New Zealand, with 
characters and brief descriptions of the new species discovered during the voyage 
of H.M. discovery ships “Erebus” and “Terror”, and of others communicated to 
Sir W. Hooker by Dr Sinclair, the Rev. Colenso, and M. Raoul. London Journal 
o f  Botany C. 521-551.

HUDSON W.. 1762 — Flora anglica Londini [London], viii + 506 p.
JOLY A.B., UGADIM Y„ DE OLIVEIRA FILHO E.C., PINHEIRO EC. & FERREIRA 

M.M., 1966 — Additions to the marine flora of Brazil. VII. Arquivos da Estacao 
de Biología Mariaha da Universidade Fed. Ceará 6: 51-57.

KÜTZING F.T., 1843 — Phycologia generalis. Leipzig, F.A. Brockhaus, xxxii + 458 p., 
80 pis.

KÜTZING F.T., 1845 — Phycologia germanica. Nordhausen, W. Koehne, x + 340 p.
KÜTZING F.T., 1847 — Diagnosen und Bemerkungen zu neuen oder kritischen Algen.

Botanische Zeitung 5: 1-5, 22-25, 33-38, 52-55, 164-167, 177-180, 193-198, 219-223.
KÜTZING F.T., 1849 — Species algarum. Leipzig, Brockhaus, vi + 922 p.
KÜTZING F.T., 1865 — Tabulae phycologicae. Vol. 15. Nordhausen, W. Koehne, iii + 

36 p., 100 pis.
KUNTZE O., 1891 — Revisio generum plantarum. Part 2. 4. Algae. Leipzig. A. Felix, 

pp. 877-930.
KUNTZE O., 1898 — Revisio generum plantarum. Part 3[3] Leipzig,A. Felix, pp. 1-576.
KYLIN H., 1956 — Die Gattungen der Rhodophyceen. Lund, CWK Gleerups, xv + 673 p., 

458 Figs
LAMARCK & CANDOLLE, 1815 — Flore Française, ou descriptions succinctes de toutes 

les plantes qui croissent naturellement en France, disposées selon une nouvelle 
méthode d ’analyse, et précédées par un exposé des principes élémentaires de la 
Botanique. 3e éd., Tome Second. Paris, 600 p.

LAMOUROUX J.V.F., 1809 — Observations sur la physiologie des algues marines, et 
description de cinq nouveaux genres de cette famille. Nouveau Bulletin des 
Sciences, par la Société Philomathique de Paris 1: 330-333, pi. 6, fig. 2.

LE JOLIS A., 1864/1880 — Liste des algues marines de Cherbourg. Mémoires de la .Société 
Impériale des Sciences Naturelles de Cherbourg. 10: 5-168, 6 pis. published inde­
pendently in 1880, Paris, 162 pp + 6 pis.

LEVRING T., 1974 — The marine algae of the Archipelago of Madeira. Boletim do Museo 
Municipale Funchal 28:5-111.

LYNGBYE H.C., 1819 — Tentamen hydrophytologiae Hafniae [Copenhagen], xxxii +
248 p., 70 pis.

MACKAY J.T., 1836 — Flora Hibernica. Part Second, comprising the Musei, Hepaticae and 
Lichenes. Dublin, William Curry Jun and Company, Dublin, 279 p.



The non-winged Amansieae (Rhodomelaceae) 31

MAGGS C.A. & HOMMERSAND M.H., 1993 — Seaweeds o f  the British Isles. Volume 1 
Rhodophyta Part 3A Ceramiales. London, HMSO Books, The Natural History 
Museum, 464 p.

MARTENS G. VON, 1868 — Die Tange. In: Die Preussische expedition nach Ost-Asien. 
Nach amtlichen quellen. Botanischer Theil. Berlin, 152 p. vii pis.

MASUDA M. & ABE T., 2002 — Two similar red algal species, Melanamansia glomerata 
and Amansia rhodantha (Rhodomelaceae, Ceramiales), from the north-western 
Pacific Ocean. Cryptogamie, Algologie 23: 107-121.

M AZZA A., 1905-1911 — Saggio di algologia oceanica. Vol. I. Padova, 528 p. (previously 
published in Nuova Notarisia vols 16-22 with different page numbers).

MENEZ E.G. & MATHIESON A.C., 1981 — The marine algae of Tunisia. Smithsonian 
Contributions to the Marine Sciences 10: [viii +] 1-59.

tMONTAGNE C., 1840 — Plantes cellulaires. In : Barker-Webb P. & Berthelot S., Histoire 
naturelle des Iles Canaries. Vol. 3, part 2, sect. 4. Paris, pp. 17-160.

MONTAGNE C., 1842 — Troisème centurie de plantes cellulaires exotiques nouvelles.
Décades V. VI. VII et VIII. Annales des Sciences Naturelles, Botanique, sér. 2. 18: 
241-282, pi. 7.

MONTAGNE C., 1857 — Huitième centurie de plantes cellulaires nouvelles, tant indigènes 
qu’exotiques. Décades IV et V. Annales des Sciences Naturelles, Botanique, sér. 4. 
7: 134-153.

MUSCHLER R., 1908 — Enumération des algues marines et d’eau douce observées 
ju sq u ’à ce jo u r en Egypte. M émoires présentés à l ’Institut Egyptien  5:141- 
237.

NACCARI EL., 1828 — Flora Veneta o descrizione dellepiante che Nascono nella Provincia 
di Venezia diposta secondo il sistema Linneano e colla indicazione al método di 
jussieu modiñcato dal De Candolle. Vol. VI. Venezia, 133 p.

NEWTON L., 1931 — A  handbook o f  British seaweeds. London, British Museum, 
478 p.

NIZAMUDDIN M. & LEHNBERG W., 1970 — Studies on the marine algae of Paros and 
Sikinos Islands, Greece. Botanica Marina 13: 116-130.

NIZAMUDDIN M., WEST J.A. & MENEZ E.G., 1979 — A list of marine algae from 
Libya. Botanica Marina 22: 465-476.

NORRIS R.E., 1991 — The structure, reproduction and taxonomy of Vidalia and 
Osmundaria (Rhodophyta, Rhodomelaceae). Botanical Journal o f  the Linnean 
.Society 106: 1-40.

tOKAM URA K., 1896 — Contributions to the knowledge of the marine algae of Japan. I 
and II. Botanical Magazine [Tokyo] 10: ***

OKAMURA K.. 1907 — leones o f  Japanese algae. Vol. 1. part 1. Tokyo, pp. 1-119, pis. I- 
XXV.

PAPENFUSS G.F., 1943 — Notes on South African marine algae. II. Journal o f  South 
African Botany 9: 79-92.

PAPENFUSS G.F, 1968 — A history, catalogue, and bibliography of Red Sea benthic algae. 
Israel Journal o f  Botany 17: 1-118.

PHILLIPS L.E., 2000 — Taxonomy of the New Zealand-endemic genus Pleurostichidium 
(Rhodomelaceae. Rhodophyta). Journal o f  Phycology 36: 773-786.

PHILLIPS L.E., SAUNDERS G.W., CHOI H.-G. & KRAFT G.T., 2000 — The morphol­
ogy, taxonomy and molecular phylogeny of Heterocladia and Trigenea 
(Rhodomelaceae: Rhodophyta), with delineation of the little known tribe 
Heterocladieae. Journal o f  Phycology 36: 199-219.

PHILLIPS L.E., 2002a — Taxonomy and molecular phylogeny of the red algal genus 
Tenormandia (Rhodomelaceae, Ceramiales). Journal o f  Phycology 38: 184-208.

PHILLIPS L.E., 2002b — Taxonomy of Adamsiella L.E. Phillips et W.A. Nelson, gen. nov.
and Epiglossum Kützing (Rhodomelaceae. Ceramiales). Journal o f  Phycology 38: 
209-229.

PHILLIPS L.E., 2005 — A re-assessment of the species previously included in 
Lenormandiopsis, including the description of Aneurianna gen. nov. (Rhodo­
melaceae, Ceramiales) .Cryptogamie Algologie (submitted).



32 Phillips L.E. & De Clerck O.

POSTELS A. AND RUPRECE1T F., 1840 — Illustrationes algarum .... Petropoli 
[St Petersburg], iv + 22 p. xi pis.

PREDA A., 1908 — Flora Italica cryptogama. Pars II: Algae. Vol. 1, Fase. 2. Florideae. Roca
S. Casciano, 358 p.

REINBOLD-ITZEHOE T., 1898 — Meeresalgen von der Insel Rhodos gesammelt von 
Lehrer J. Nemetz. Hedwigia 37: 87-90.

RICF1ARD A., 1832 — Essai d’une flore de la Nouvelle-Zélande. In: Voyage de découvertes 
de 1Astrolabe exécuté par ordre du Roi pendant les années 1826-1827-1828-1829, 
sous le commandement de M.J. Dumont D ’Urville. Botanique, par 
A. Lesson et A. Richard. Paris, p. 1-22.

SCF1MIDT O.C., 1924 — Meeresalgen der Sammlung v. Luetzelburg aus Brasilien. 
Hedwigia 65: 85-100.

SCF1MITZ F., 1889 — Systematische Übersicht der bisher bekannten Gattungen der 
Florideen. Flora 72: 435-456.

SCF1MITZ F. & FALKENBERG P., 1897 — Rhodomelaceae. In: Engler A. & Prantl K. 
(Eds.), Die natürlichen Pñanzenfamilien. Teil I, Abt. 2. Leipzig, pp. 421-480.

SEAGRIEF S.C., 1984 — A catalogue of South African green, brown and red marine algae. 
Memoirs o f  the Botanical Survey o f  South Africa 47: 1-72.

SILVA P.C., BASSON PW. & MOE R.L., 1996 — Catalogue of the benthic marine algae 
of the Indian Ocean. University o f  California Publications in Botany 79: 1- 1259.

SIMONS R.H., 1970 — Marine algae from Southern Africa. 1. Six new species from the 
inter- and infra-tidal zones. Republic o f  South Africa, Division o f  Sea Fisheries 
Investigational Report 86: 1-13.

SIMONS R.H., 1976 — Seaweeds of southern Africa: guide-lines for their study and 
identification. Republic o f  South Africa, Department o f  Industries, Sea Fisheries 
Branch, Fisheries Bulletin 7: [iii +] 1-113.

SONDER O.G., 1845 — Nova algarum genera et species, quas in itinere ad oras occiden­
tales Novae Hollandiae, collegit L. Preiss, Ph.Dr. Botanische Zeitung 3: 49-57.

SONDER O.G., 1853 — Plantae Muellerianae. Algae. Linnaea 25: 657-709.
SONDER O.G., 1880 — Supplementum ad volumen undecimum fragementorum phyto- 

graphiae Australiae, indices plantarum acotyledonarum complectens. I. -  Algae 
australianae hactenus cognitae. Irr. Von MUELLER F. [Ed.], Fragmenta 
Phytographiae Australiae. Vol. 11. Suppl. Melbourne, pp. 1-42.

SOUTH G R. & TITTLEY I., 1986 — A  checklist and distributional index o f  the benthic 
marine algae o f  the North Atlantic Ocean. St Andrews & London, Huntsman 
Marine Laboratory and British Museum (Natural History), 76 p.

SPRENGEL C., 1809 — De Fucis quibusdam et Confervis maris mediterranei minus 
cognitis epístola. Gesellschaft Naturforschender Freunde zu  Berlin Magazin für 
die Neuesten Entdeckungen in der Gesammten Naturkunde 3: 186-192.

SPRENGEL K., 1827 — Caroli Linnaei equitis stellae polaris archiatri regii Prof. med et rei 
herb, in Univers. Upsal. Systema vegetabilium. 16th Ed. Vol. IV, Pars I. Classis 24. 
Gottingae [Göttingen], [iv +] 592 p.

STACKHOUSE J., 1797 — Nereis britannica. Fase. 2. p. ix-xxiv +31-70, pis ix-xii.
SWOFFORD D.L., 2000 — PAUP - Phylogenetic Analysis Using Parsimony, Version 

4.0.0b8. Smithsonian Institution, Washington D.C.
TAYLOR W.R., 1941 — Tropical marine algae of the Arthur Schott Herbarium. Botanical 

Series, Field Museum o f  Natural History 20: 87-104.
TAYLOR W.R., 1960 — Marine algae o f  the eastern tropical and subtropical coasts o f  the 

Americas. Ann Arbor, University of Michigan Press, 870 p.
TISDALL H.T., 1898 — The algae of Victoria. Report o f  the 7th Meeting o f  the Australian 

and New Zealand Association for the Advancement o f  Science, pp. 493-516.
TREVISAN V.B.A., 1845 — Nomenclátor algarum ou collection des noms imposés aux 

plantes de la famille des algues. Vol. 1. Padoue [Padova], 80 p.
TSEKOS I. & HARITONIDIS S., 1974 — The marine algae of Rhodos Island, Greece. 

British Phycological Journal 9: 399-406.
TSEKOS I. & HARITONIDIS S., 1977 — A survey of the marine algae of the Ionian 

Islands, Greece. Botanica Marina 20: 47-65.



The non-winged Amansieae (Rhodomelaceae) 33

TURNER D., 1808 — Fuci, ... Vol. 1. London., [iii +] 164 [+ 2] p. pis. 1-71.
TURNER D., 1817 — Fuci, ... Vol. 4. London, [iii +] 153 [+ 2] + 7 p. pis. 197-258.
VAN E1EURCK H., 1908 — Prodrome de la flore des algues marines des îles Anglo- 

Normandes et des Côtes Nord-Ouest de la France. Jersey, Société Jersiaise, 
xii+120 p.

WEISSCHER F.C.M., 1983 — Marine algae from Selvagem Pequeña (Salvage Islands) 
(Cancap project Contributions no. 19). Boletim do Museo Municipale Funchal 35: 
41-80.

WILSON J.B., 1892 — Catalogue of algae collected at or near Port Phillip Heads and 
Western Port. Proceedings o f  the Royal Society o f  Victoria, N.S. 4: 157-190.

WILSON S.M. & KRAFT G.T., 2000 — Morphological and taxonomic studies of selected 
genera from the tribe Amansieae (Rhodomelaceae, Rhodophyta). Australian 
Systematic Botany 13: 325-372.

WOMERSLEY H.B.S., 1996 — The Marine Benthic Flora o f  Southern Australia.
Rhodophyta — Part HID. Canberra, Australian Biological Resources Study and 
Adelaide, State Herbarium of South Australia, 392 p.

WOMERSLEY H.B.S. & PARSONS M.J., 2003 — Tribe Lophothalieae Schmitz & 
Falkenberg 1897: 445. In: Womersley, H.B.S., The Marine Benthic Flora o f  
Southern Australia. Rhodophyta — Part HID. Canberra, Australian Biological 
Resources Study and Adelaide, State Herbarium of South Australia, pp. 235-282.

JWULFEN F.X.. 1786-1790 — Plantae rariores Carinthiacae. In: Jacquin. N.J. Collectanea 1: 
186-364. pi. 6-21 (1786). 2:112-234. pi. 8-17 (1788). 3:3-166. pi. 1-17 (1789). 4:227- 
348, pi. 4-8, 10-20 (1790).

WULFEN F.X., 1803 — Cryptogama aquatica. Archiv für die Botanik 3: 1-64, pi. 1.
YAM ADA Y., 1941 — Notes on some Japanese algae IX. Scientific Papers o f  the Institute 

o f  Algological Research, Faculty o f  Science, Hokkaido Imperial University 2: 195- 
215, pis XL-XLVIII.

ZANARDINI G., 1841 — Synopsis algarum in mari Adriático .... Memorie della Reale 
Accademia deIle Scienze di Torino, ser. 2, 4: 105-255.

ZANARDINI G , 1843 — Saggio di classiflcazione naturale della Ficee. Venezia, 64 p.


