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Abstract: The genus Hypnea has been known in New 
Zealand for a long time but identification to species level 
has been difficult as only fragmentary and sterile mate-
rial has been available for study and thus the genus has 
remained poorly known. Recently large amounts of Hyp-
nea were collected in northern New Zealand enabling 
DNA sequencing and the presence of two species was 
confirmed: Hypnea flexicaulis which represents a new 
record for New Zealand, and Hypnea cornuta which was 
previously known from fragmentary material. Both of 
these species are regarded as introduced in other regions 
of the world. The new species described in this paper as 
Calliblepharis psammophilus was identified in the field as 
a species of Hypnea but morphological observations and 
molecular data confirmed it does not belong to this genus. 
It is characterized by caespitose thalli with irregularly 
branched terete axes and with tapering or curved tips, the 
axial cell enclosed by 5–7 pericentral cells, cortical cells 
packed tightly and not forming “rosettes” in surface view. 
The gonimoblast filaments originate from a fusion cell 
and develop outwardly in chains. This species is currently 
known from a single location in the North Island (south 
eastern coast), New Zealand.

Keywords: Cystocloniaceae; introduced species; rbcL; 
Rhodophyta; SSU; taxonomy.

Introduction
The family Cystocloniaceae Kützing includes 13 genera of 
which Hypnea J.V. Lamouroux is the largest genus with 
approximately 60 species (Guiry and Guiry 2015) that are 
distributed from cold to warm temperate regions (Chiovitti 
et al. 1998). In addition to Hypnea, the family Cystocloni-
aceae is represented in New Zealand by four species of 
Rhodophyllis Kützing and one species of Craspedocarpus 
F.Schmitz (Adams 1994, Nelson 2012, Preuss and Zucca-
rello 2014) while in southern Australia there are seven 
genera, four of which are monotypic (Womersley 1994), 
and some of which are endemic and geographically cir-
cumscribed [e.g. Erythronema J. Agardh, Austroclonium 
(Harvey) Min-Thein et Womersley]. In contrast, the genus 
Calliblepharis has a wide distribution being found in 
Atlantic Europe, the Mediterranean, South Africa, western 
and southern Australia and Brazil (Chiovitti et al. 1998), 
and includes seven species in the world (Díaz-Tapia et al. 
2013, Guiry and Guiry 2015).

Hypnea includes species that are commercially cul-
tivated as sources of the polysaccharide k-carrageenan, 
which is used widely in the food, cosmetics, textile and 
pharmaceutical industries (Mshigeni and Chapman 
1994, Najam et al. 2010). The genus also includes species 
that are considered to have been introduced outside 
their native range. The type species Hypnea musciformis 
(Wulfen) J.V. Lamouroux, originally described from Trieste 
(Italy), includes several varieties that are widespread 
worldwide. This species is regarded as highly invasive in 
Hawaii (Smith et al. 2002) where it was introduced from 
Florida for commercial cultivation in 1974. Hypnea flexi-
caulis Y. Yamagishi et M. Masuda, native to Japan and 
Korea, is considered to have been introduced to the Medi-
terranean Sea (Wolf et  al. 2011) and Mexico (Geraldino 
et al. 2015). Hypnea cornuta (Kützing) J. Agardh, originally 
described from Guinea (eastern Atlantic Ocean), is also 
regarded as introduced in the Mediterranean Sea where it 
was reported from Rhodes Island, Greece, as H. valentiae 
(Turner) Montagne, shortly after the opening of the Suez 
Canal, with subsequent reports from Egypt, Israel, and 
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Italy (Cecere et al. 2004, Manghisi et al. 2011, Tsiamis and 
Verlaque 2011).

The genus Hypnea is characterised by terete to com-
pressed, profusely branched axes, with most axes bearing 
short spine-like lateral branches or hooks to anchor the 
thallus to any substratum. The structure is uniaxial, with 
protuberant cystocarps, zonately divided tetrasporangia 
formed in raised patches on the short lateral branches 
(Huisman 2000). The taxonomy of Hypnea, based on mor-
phological and anatomical characters, has been regarded 
as difficult, with confusion in the literature about the reli-
ability of criteria for species delimitation (e.g. Womersley 
1994, Abbott 1997). Molecular studies (Yamagishi and 
Masuda 2000, Geraldino et al. 2006, Geraldino et al. 2009) 
resulted in clarification of Hypnea species concepts, and 
reports of new taxa in Japan and Korea, and recently in 
Brazil (Nauer et al. 2014).

Hypnea in New Zealand

The first collections attributed to Hypnea in New Zealand 
were made in 1840 by D’Urville and described by Mon-
tagne (1842) as Hypnea multicornis (Mont.) Mont., a species 
with recurved branchlets from the sub-Antarctic islands. 
This record has been questioned subsequently and it is 
thought to refer to a species of Lophurella (Hay et al. 1985). 
In 1874 collections were made by the Swedish explorer 
and collector Sven Berggren from Tauranga Harbour and 
identified as Hypnea musciformis. According to herbarium 
records subsequent collections of Hypnea have been made 
only from the Bay of Islands and Tauranga Harbour (in the 
1930s and 1940s).

Adams (1994) reported two species of Hypnea from 
the North Island, H. charoides J.V. Lamouroux (previ-
ously known as H. seticulosa J.Agardh) and H. nidifica 
J.Agardh. A third species has been reported from the Ker-
madec Islands, H. esperi Bory de Saint-Vincent (Nelson 
and Adams 1984). In 2001 a single collection of Hypnea 
sp. was made at the entrance to Rangaunu Harbour, 
and in 2002 Hypnea specimens were recorded from the 
Port of Tauranga during Ministry for Primary Industries 
(MPI, formally Biosecurity New Zealand) commissioned 
baseline surveys (Inglis et al. 2006). In May 2007 Hypnea 
appeared on the shoreline of the Whangaparoa Peninsula 
and was collected from reefs at Army Bay, as large clumps 
of unattached thalli. In 2009 during a study of macroal-
gae growing on soft sediments in harbours, a fragmen-
tary specimen was collected in Whangarei Harbour and 
sequence data confirmed it to be Hypnea cornuta (Neill 
et  al. 2012). In the last 10  years there have been other 

collections of Hypnea in northern New Zealand that were 
not identified to species as the specimens were sterile and 
fragmentary.

Our work on Cystocloniaceae reported in this paper 
includes materials obtained from two different collecting 
programmes. During a survey in the Bay of Islands in Feb-
ruary 2014 investigating the habitats of juvenile fish, large 
quantities of Hypnea were collected by dredging with a 
beam trawl. Seasonal sampling along the shore line at 
Castlepoint (a popular collecting spot in the south eastern 
North Island) in January 2014 resulted in collections of a 
terete alga that had a Hypnea-like morphology and was 
growing on rocks covered in sand. These collections have 
enabled an examination of the genus Hypnea and the 
documentation of new diversity in the Cystocloniaceae in 
New Zealand.

Materials and methods
Collections of Cystocloniaceae: January 2014, 2015, 
 Castlepoint, Wairarapa, North Island, upper subtidal; 
February 2014, Bay of Islands, North Island, beam trawl 
between 4 and 7  m depth. Voucher specimens have 
been deposited in the herbarium of the Museum of New 
Zealand Te Papa Tongarewa (WELT) (Thiers 2015). Sub-
samples were dried in silica gel for molecular analysis or 
in 5% formalin and seawater for morphological observa-
tion. Hand sections were stained with 1% aniline blue 
acidified with 1% HCl and mounted in 40% Karo syrup 
(Englewood Cliffs, NJ, USA), or stained with Wittmann’s 
aceto-iron-haematoxylin-chloral hydrate (Wittmann 
1965). Photomicrographs were taken on an Olympus BX53 
(Tokyo, Japan) with SC100 (Olympus, Münster, Germany) 
digital camera.

DNA was extracted from a small portion of the dried 
thallus in liquid nitrogen using a DNeasy Plant Mini kit 
(QIAGEN, Hilden, Germany), following the manufac-
turer’s protocol. The extracted DNA was stored at -20°C 
and used as template to amplify the rbcL and SSU genes. 
Specific primer pairs were used for the amplification and 
sequencing reaction of each gene, including F145–R898, 
F762–R1442 for rbcL (Kim et  al. 2010) and G01–G14 and 
G04–G07 for SSU (Saunders and Kraft 1993). PCR amplifi-
cation was conducted in a total volume of 20 μl with Accu-
Power PCR PreMix (Bioneer, Daejeon, Korea) using Swift 
MaxPro thermal cyclers (ESCO, Singapore). PCR reactions 
were carried out with an initial denaturation at 96°C for 
4 min, followed by 35 cycles of amplification (denatura-
tion at 94°C for 1 min, annealing at 50°C for 1 min and an 
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extension at 72°C for 2 min) with a final extension at 72°C 
for 7 min for the rbcL gene; and with an initial denatura-
tion at 94°C for 4 min, followed by 38 cycles of amplifica-
tion (denaturation at 94°C for 30 s, annealing at 55°C for 
30 s, and extension at 72°C for 90 s) with a final exten-
sion at 72°C for 7 min for the SSU gene. PCR products were 
purified using an Accuprep PCR Purification Kit (Bioneer) 
and then all sequencing was performed by a commercial 
contractor (Macrogen, Seoul, Korea). Sequences obtained 
from two markers were edited using Chromas version 1.45 
software (Technelysium Pty Ltd, South Brisbane, QLD, 
Australia). Consensus of the rbcL and SSU sequences were 
organized using the multiple-sequence editing program 
BioEdit (Hall 1999) and aligned visually.

Maximum likelihood (ML) phylogenetic analyses 
were performed with RAxML software (Stamatakis 2006) 
based on GTR+Γ+I model. To identify the best tree, we 
constructed 200 independent tree inferences using the –# 
option with default –I (automatically optimized Subtree 
Pruning-Regrafting rearrangement) and –c (25 distinct 
rate categories) software options. Statistical support for 
each gene was obtained from 1000 bootstrap replications 
using the same substitution model and RAxML program 
setting.

Bayesian analyses (BA) were performed with MrBayes 
v.3.1.2 (Ronquist and Huelsenbeck 2003) using the 
Metropolis-coupled Markov Chain Monte Carlo (MC3) with 
the GTR+G+I model. For each matrix, two million genera-
tions of two independent runs were performed with four 
chains and sampling trees every 100 generations. The 
burn-in period was identified graphically by tracking 
the likelihoods at each generation. The remaining trees 
were used to calculate a posterior probability tree topol-
ogy. Outgroups selected were members of the Gigarti-
naceae, Gigartina pinnata J. Agardh and Chondrus crispus 
Stackhouse.

Specimens examined

Herbarium specimens of Hypnea from the North Island 
housed in WELT, CHR (Landcare, Christchurch) have been 
examined. The following specimens are representative of 
the recently collected material:

Hypnea flexicaulis

Rangiputa, Blakeney Pt, Rangaunu Harbour (34° 51.800’ 
S, 173° 17.300’ E), W.A. Nelson et T. Farr, 8 May 2001, 
intertidal, drift, WELT A025791, sequence data KT439332; 

Te  Miko Reef, Bay of Islands (35° 13.732’ S, 174° 11.010’ 
E), R. D’Archino et R. Stewart, 7 Feb 2010, 8–9 m, WELT 
A032127, sequence data KT439330; Bay of Islands (35° 
14.200’ S, 174° 10.000’ E; 35° 14.220’ S, 174° 09.700’ E), 
R. D’Archino, 17 Feb 2014, Beam trawl 4.5–5.2 m, WELT 
A033034, sequence data KT439331; Moturua I., Bay of 
Islands (35°15.050’ S, 174° 10.600’ E; 35° 14.880’ S, 174° 
10.380’ E), R. D’Archino, 18 Feb 2014, Beam trawl 7.1–8.2 m, 
WELT A033035, sequence data KT439333; Bay of Islands 
(35° 15.280’ S, 174° 10.770’ E, 35°15.280’ E 174°10.520’ E),  
R.  D’Archino, 18 Feb 2014, Beam trawl 6.4 m, WELT 
A033037; Bay of Islands (35° 15.800’ S, 174° 11.020’ E; 35° 
15.740’ S, 174° 10.760’ E), R. D’Archino, 18 Feb 2014, Beam 
trawl 5.4 m, WELT A033038; Bay of Islands (35° 13.280’ S, 
174° 12.010’ E; 35° 13.140’ E, 174° 11.790’ S), R. D’Archino, 19 
Feb 2014, Beam trawl 4.2–6.5 m, WELT A033039.

Hypnea cornuta

Whangarei Harbour (35° 48.657’ S, 174° 26.042’ E), 
R.  D’Archino et B. Crocker, 7 Apr 2010, subtidal, WELT 
A031214, sequence data KT439335; Bay of Islands (35° 
15.670’ S, 174° 11.450’ E; 35°15.610’ S 174° 11.180’ E), 
R.  D’Archino, Beam trawl 5.2–5.7 m, 18 Feb 2014, WELT 
A033040, sequence data KT439334.

Results

Phylogenetic analysis

The rbcL dataset consisted of 62 sequences of Cystocloni-
aceae and two outgroup sequences from species of Gigar-
tinaceae (Figure 1). Nine sequences were newly generated. 
The dataset included 20 species of Hypnea. Four samples 
from New Zealand (KT439330, KT439331, KT439332, 
KT439333) nested with Hypnea flexicaulis from Korea, 
Japan and the Philippines, and two (KT439334, KT439335) 
with Hypnea cornuta from Japan and Indonesia. Our data 
(Figure 1) show the first record of H. flexicaulis in New 
Zealand, with confirmed records from the far north of the 
North Island (Rangiputa) and in the Bay of Islands.

The ML/BA analysis of the rbcL sequences (Figure 1) 
showed the samples collected in Castlepoint (KT439336, 
KT439337) in a poorly supported clade which also 
included four species of Calliblepharis, and within which 
only C. jubata (Goodenough et Woodward) Kützing and 
C. ciliata (Hudson) Kützing showed a strong relationship 
(Bootstraps 100/1.0).
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The nuclear small subunit ribosomal RNA gene 
(SSU) dataset included 22 sequences representing 10 
genera of the Cystocloniaceae (Figure 2). The sample 

from Castlepoint (KT439338) nested in the clade (Boot-
straps 72/0.98) containing species of Calliblepharis and 
there was moderate support for the relationships with 

Figure 1: Maximum likelihood tree of Cystocloniaceae inferred from rbcL sequences. The numbers above or below the branches are boot-
strap values from the maximum likelihood and Bayesian posterior probabilities (ML/BA). Sequences generated in the present study are in 
bold. Scale bar refers to substitutions per site.
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C.  hypneoides from Portugal (Bootstraps 63/0.97). The 
genus Calliblepharis, however is not monophyletic as 
C. planicaulis (Harvey) Kylin was not related to the other 
species of the genus. The genera Rhodophyllis, Craspedo-
carpus, Gloiophyllis, and Erythronema clustered together 
with good support (Bootstraps 89/0.97).

Our data indicate the occurrence of both H. flexicau-
lis and H. cornuta in the northern North Island, and the 
occurrence of an undescribed taxon that we describe here 
as a new species of Calliblepharis.

Calliblepharis psammophilus D’Archino et 
W.A. Nelson (Figures 3–21)

Description

Thalli, caespitose composed of tangled prostrate axes 
attached by small discoid holdfasts and erect, terete 
throughout, non percurrent axes irregularly branched. 
Short, spine-like branchlets present, tips recurved or 
straight. Structure uniaxial, axial cell enclosed by 5–7 

Figure 2: Maximum likelihood tree of Calliblepharis psammophilus based on SSU data. The numbers above or below the branches 
are bootstrap values from the maximum likelihood and Bayesian posterior probabilities (ML/BA). Scale bar refers to substitutions 
per site.
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pericentral cells and two to six layers of medullary cells. 
Tetrasporophyte isomorphic, zonate tetraspores scattered 
in the cortex, not arranged in sori or stichidia. Monoecious 
gametophytes. Spermatangial mother cells developed by 

elongated cortical cells that cut off rows of 2–3 spermatia. 
Gonimoblasts developed outwards in chains from a central 
fusion cell. Cystocarps globose, intercalary, sessile, borne 
in small clumps with pericarp and without ostioles.

Figure 3: Holotype WELT A033026 of Calliblepharis psammophilus. Scale bar = 5 cm.
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Holotype

WELT A033026 (Figure 3), W. A. Nelson, 31 January 2014.

Type locality

Castlepoint, Wairarapa Region, North Island, New Zealand.

Distribution

Only known from its type locality.

Sequence data

KT439336, KT439338.

Figure 4–19: Habit and vegetative anatomy of Calliblepharis psammophilus. (4) Caespitose thalli in situ. (5) Habit. Scale bar = 1 cm. 
(6) Basal part with prostrate axes. Scale bar = 100 μm. (7–8) Discoid holdfast. Scale bar = 100 μm. (9) Irregularly branched thalli. Scale 
bar = 200 μm. (10) Short spiny branches. Scale bar = 200 μm. (11) Recurved tips. Scale bar = 200 μm. (12) Straight ends. Scale bar = 200 μm. 
(13) Cortical cells in surface view. Scale bar = 20 μm. (14) Cross section in the apical part. Scale bar = 20 μm. (15) Cross section in basal 
part. Scale bar = 100 μm. (16) Detail of axial cell surrounded by five pericentral cells. Scale bar = 10 μm. (17) Apical cells (arrow) of a young 
branchelet. Scale bar = 100 μm. (18) Longitudinal section of a branch. Axial cell (arrows) partially visible Scale bar = 20 μm. (19) Hair (arrow) 
developing from a cortical cell. Scale bar = 10 μm.
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Etymology

The word psammophilus (Greek) meaning sand-loving 
as the species has been collected on rocks that are often 
buried by sand.

Additional material examined

Castlepoint, Wairarapa Region, North Island, W.A. Nelson, 
14 Jan 2015, intertidal, WELT A033129.

Sequence data

KT439337.

Morphology

Thalli epilithic, erect, caespitose, 5–12 cm high,  composed 
of terete, non percurrent axes, that grow in tangled masses 

(Figures 4 and 5) from a prostrate basal system (Figure 
6) attached to the substratum by tiny discoid holdfasts 
(Figures  7 and 8). Axes irregularly branched (Figure  9) 
ending occasionally with short spine-like laterals 
(Figure 10). Apical branches recurved backwards (Figure 11) 
or straight (Figure 12). Branches slightly attenuate from 800 
μm in diameter at the base to 80 μm at the distal ends. Colour 
from dark reddish brown to yellowish brown, texture firm. 
Cortical cells 5–7 μm × 12–15 μm, loosely packed, irregularly 
polygonal in surface view, not forming “rosette” (Figure 13). 
The uniaxial vegetative structure is clearly visible in the 
apical and median parts of the axes (Figures 14–16), becom-
ing obscure in the basal part (Figure 14). Axial cells 17–20 μm  
in diameter, enclosed by 5–7 pericentral cells, 22–35 μm in 
diameter, and by two to six layers of medullary cells with 
dense granular contents (Figure 15). Small, rounded, apical 
cell visible in young branches (Figure 17). Central axial cells 
visible in longitudinal section, progressively elongated, 
measuring up to 120 μm × 17–20 μm (Figure 18). Occasion-
ally hairs develop from cortical cells (Figure 19).

Figure 20–26: Reproductive structures of Calliblepharis psammophilus. (20) Branches bearing scattered tetrasporangia Scale bar = 200 μm. 
(21) Cross section of a tetrasporic branch. Scale bar = 20 μm. (22) Globose cystocarps in clumps. Scale bar = 200 μm. (23) Gonimoblast fila-
ments in chain (arrowheads) developing from a presumed fusion cell (arrow). Scale bar = 50 μm. (24) Cross section of a spermatangial branch. 
Scale bar = 50 μm. (25) Spermatangia mother cells differentiated from elongated cortical cells (arrowheads); spermatia in rows (arrows). Scale 
bar = 20 μm. (26) Rows of 2–3 spermatia (arrows). Scale bar = 10 μm.
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Reproduction

Tetrasporophytes isomorphic with gametophytes. Zonately 
divided tetrasporangia, 40–65 × 22–27 μm immersed in the 
cortex, not in modified branches (Figure 20) cut off from 
outer cortical cells (Figure 21). Gametophytes monoecious. 
Cystocarps formed on the upper branches, sessile, subglo-
bose, 530–700 × 650–985 μm, in small clumps of 3–6 around 
the axes sometimes with short branches, with a thick peri-
carp without ostiole (Figure 22). Gonimoblast filaments 
developing outwardly from a central fusion cell with carpo-
sporangia in chains (Figure 23) and carpospores 19–23 μm 
in diameter. Spermatangia develop in sori around apical 
branches (Figure 24). Spermatangia mother cells differen-
tiated from elongated cortical cells (Figure 25) that divide 
transversally forming 2–3 spermatia in a row (Figure 26).

Discussion
This study provides the first record of Hypnea flexicaulis in 
northern New Zealand and the range extension of Hypnea 
cornuta to the Bay of Islands. Both species were collected 
subtidally between 4 and 7  m depth and were growing 
unattached (Figure 27). In the Bay of Islands H. flexicaulis 
was more abundant being confirmed from five sites com-
pared to the single site for H. cornuta.

Hypnea flexicaulis has a wide distribution with 
records from Japan, Korea, Hong Kong, Taiwan,  Indonesia, 
India, the Philippines, Western Australia as well the 
 Mediterranean Sea and Mexico (Geraldino et  al. 2015). 

Figure 27: Collection of Hypnea flexicaulis (arrows) mixed with 
Hydroclathrus clathratus (arrowheads) and Colpomenia spp.

The genetic variability within H. flexicaulis based on cox1 
sequences revealed four genetic groups, the most geneti-
cally diverse lineage of which was found to be dispersed 
throughout the Indo-Pacific region (e.g. Korea and Italy, 
Korea and Mexico). The remaining three lineages were 
geographically localised to Australia, India, and the Phil-
ippines (Geraldino et al. 2015).

Hypnea flexicaulis was described by Yamagishi and 
Masuda (2000) during an investigation of the Hypnea 
charoides-valentiae complex in Japan. Both of these 
names, H. charoides and H. valentiae, as well as H. nidi-
fica, have been used in New Zealand, and it is possible 
that specimens previously identified under these names 
are now being identified as H. flexicaulis and H. cornuta. 
The difficulties of identifying morphologically, and the 
fragmentary nature of many of the earlier collections 
mean that it is difficult to establish when these species 
were first reported in New Zealand. Sequence data from 
early herbarium specimens may provide some answers.

Both H. flexicaulis and H. cornuta are restricted to 
the warm temperate waters of northern New Zealand, in 
agreement with the worldwide distribution of the genus 
being found especially in tropical and subtropical waters. 
Hypnea flexicaulis, however occurs in both temperate and 
tropical waters, and this may reflect adaptations of this 
species to environmental changes (Geraldino et al. 2015). 
This species could potentially spread in other regions in 
New Zealand considering its adaptability to a wider range 
of temperature. Hypnea flexicaulis was closely related to 
Hypnea boergesenii T. Tanaka in our analysis, as already 
shown by Geraldino et al. (2006, 2009) and Nauer et al. 
(2014). The morphology of New Zealand samples – entan-
gled base, flexuous, obscurely percurrent main axes, wide 
branching angle, lack of thickening in the basal parts 
– are in agreement with the characters of H. flexicaulis. 
As noted by Nauer et al. (2014) the low divergence values 
between H. aspera Kützing (as H. borgesenii) and H. flexi-
caulis indicate possible conspecificity of these species and 
further phylogeographic work is necessary to understand 
the level of intraspecific variation or the existence of a 
species complex.

Until now, collections of Hypnea species in 
New  Zealand have been sporadic and inconsistent, and 
the range of the genus has remained largely in the north-
ern North Island, e.g. from Tauranga, Bay of Islands, 
Northland, and the Kermadec Islands where the genus 
is considered native. There has been a single record of 
Hypnea from Banks Peninsula, South Island but it has 
not been possible to confirm this with genetic data as all 
the samples were preserved in formalin (Marine Invasives 
Taxonomic Service, NIWA pers. comm.). It is possible 
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that Hypnea was introduced to New Zealand in the early 
1800s to the Bay of Islands and also to Tauranga Harbour, 
both sheltered harbours used heavily by overseas sailing 
vessels in that period. There are other species that are con-
sidered to have been introduced at that time and that have 
subsequently naturalised in New Zealand. For example, 
Chondria harveyana J. Agardh is found only in Porirua 
Harbour in New Zealand near the site of a whaling station 
that was regularly supplied from Hobart in the early 19th 
Century (Adams 1983).

The samples collected recently were mostly sterile, 
unattached and were found growing together with Hydro-
clathrus clathratus (C.Agardh) M.A.Howe, a species con-
sidered native to the Kermadec Islands but introduced 
to the New Zealand mainland (Adams 1983), and with 
Colpomenia spp. (Figure 27). Thalli of Hydroclathrus are 
often unattached and form light “balls” that can be easily 
transported by currents and could spread Hypnea to other 
locations. Hydroclathrus clathrathus is also found in the 
Marlborough Sounds. Hypnea is able to grow vegetatively 
and spread by fragmentation as well as via spores.

Fragmentation is a very effective way of reproduc-
tion as observed by the rapid spread of H. cornuta in Mar 
Piccolo di Taranto (Cecere et  al. 2004) and of H. musci-
formis in the Hawaii Islands (Smith et al. 2002). In both 
species, sexual stages were not observed. Smith et  al. 
(2002) examined the potential for vegetative propagation 
via fragmentation of Hypnea musciformis and found that it 
was able to propagate vegetatively in all size classes tested, 
with greatest success seen in the smallest fragments. 
Hypnea musciformis was illegally introduced into Hawaii 
from Florida with the intention of farming for carrageenan 
extraction. Farming was abandoned and Hypnea has sub-
sequently become a very significant pest (Huisman et al. 
2006, Smith and Smith 2006). It has invaded a very wide 
range of habitats and is now found in deep water, in chan-
nels with rapidly moving water, as well as on platforms 
and reef flats. Large accumulations (e.g. thousands of tons 
annually at Maui) wash ashore and then cause significant 
nuisance as they decompose. There has been an annual 
multimillion dollar impact of Hypnea in Hawaii associated 
with the rotting accumulations on beaches, smothering of 
reef life, and apparent competitive exclusion of other taxa.

Hypnea in New Zealand has been found mostly as 
drift or unattached in subtidal shallow water and we are 
unable to locate collection sites where it grows attached. 
Occasionally there have been blooms of Hypnea e.g. 
Whangaparoa Peninsula, Tauranga. While some species 
are recognized as being non-native immediately they 
are first collected, e.g. the Asian kelp Undaria pinnati-
fida (Harvey) Suringar and Grateloupia turuturu Yamada, 

as they fit most of the criteria of adventive species (e.g. 
Chapman and Carlton 1991, 1994), the assessment of the 
native or non-native status for other species can be chal-
lenging especially when the native flora is not fully docu-
mented. As previous collections of Hypnea have been not 
identified to species with certainty, we have no compara-
tive historical data. As the recently collected samples were 
unattached, we also have no monitoring sites to examine 
the seasonality, distribution or spread of these species.

The situation with the taxon described here as a 
new species of Calliblepharis is surprising. Castlepoint 
is a location that has been frequently visited by phycolo-
gists, but this species was collected for the first time in 
2014, it was not found in August 2014 and September 2015, 
and was re-collected from the same site at Castlepoint in 
January 2015. It is possible that its habitat, on rock sur-
round by sand, means that it is temporarily or season-
ally covered by sand. Although we are clear that the new 
species documented in this study has not been recorded or 
described previously, we are not completely satisfied that 
the generic placement is secure. In this study the molecu-
lar data do not strongly resolve the relationships of this 
new taxon. The results of the SSU analysis suggest that 
the genus Calliblepharis is not monophyletic (e.g. C. plani-
caulis is separated from all the other species identified in 
this genus). The New Zealand taxon is moderately related 
to C. hypneoides from the Iberian Peninsula. The analysis 
also shows that four genera, Craspedocarpus, Rhodophyl-
lis, Gloiophyllis and Erythronema, are in the same clade 
with strong support. SSU rDNA is generally considered to 
be a conservative marker and with a tendency to underes-
timate the number of species recognized (Lindstrom and 
Fredericq 2003, Hall et al. 2010).

The rbcL analysis of Calliblepharis provided strong 
support only for the relationships of C. ciliata KC121116 
(generitype) and C. jubata KC174795, both from France, 
while the relationships of C. fimbriata, C. hypneoides 
and the New Zealand taxon remain unresolved. Díaz-
Tapia et al. (2013) had similar results with rbcL analysis 
where Calliblepharis hypneoides was consistently placed 
between C. fimbriata and the C. ciliata-C jubata clade, 
although the relationships between these four species 
were not supported. Further clarification of the phyloge-
netic relationships within the genus Calliblepharis may 
depend on additional taxon sampling and possibly the 
use of additional markers.

The new species is currently known only from Castle-
point, on the south eastern coast of the North Island. 
Although morphologically the New Zealand taxon is 
very similar to Calliblepharis, it differs in a few particu-
lar characters. Calliblepharis is characterised by having 
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flattened or partially flattened thalli, whereas the new 
species is terete throughout, a feature shared with C. hyp-
neoides (Díaz-Tapia et al. 2013). Calliblepharis differs from 
other genera of the family in lacking fusion cells and in 
having weakly defined rosettes (Womersley 1994). In Calli-
blepharis ciliata and C. jubata, the auxiliary cell produces 
a group of small cells from which the gonimoblast devel-
ops inwards producing rows of carposporangia (Dixon 
and Irvine 1977). The species described here seems to 
possess a central fusion cell from which radiating chains 
of gonimoblast filaments develop. Fertile specimens were 
scarce and too mature to document the development of 
the carpogonium and early stages of post fertilization, and 
consequently the taxonomic position of this taxon may 
change in the future when fertile samples are available.
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