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Chaetomorpha philippinensis (Cladophorales, Chlorophyta), a new marine 
microfilamentous green alga from tropical waters
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A  new m arine  m icrofilam entous green alga, Chaetomorpha philippinensis Leliaert sp. nov., is described as an  epiphyte on 
Chaetomorpha vieillardii from  shallow  subtidal h ab ita ts  in the  Philippines. Phylogenetic analyses o f  large subunit rD N A  
an d  rD N A  in ternal transcribed  spacer (ITS) sequences show th a t the  new trop ical species is sister to  the  cold-w ater 
Chaetomorpha norvegica , from  which it is genetically clearly distinct b u t m orphologically  alm ost indistinguishable. 
Chaetomorpha philippinensis is characterized  by m inute, stra igh t o r curved, unbranched, erect filam ents up  to  300 pm  
long an d  7 - 1 7  pm  in diam eter, a ttached  by a  basal, h ap te ro id  holdfast. F ilam ents in cu ltu re  are  sim ilar in m orphology 
b u t grow  considerably longer w ith slightly larger cells. T he cylindrical cells are m ultinucleate w ith up  to  eight nuclei (up 
to  18 in culture). Cells con tain  a  single, parietal, lobed ch lorop last w ith num erous small perfora tions and  one to  several 
pyrenoids. Z oosporangia  develop by tran sfo rm atio n  o f  apical an d  subapical cells w ith zoids em erging th ro u g h  a  dom ed 
pore  in the  apical, m iddle or basal p a rt o f  the  cell.

K e y  W o r d s :  C ladophorophyceae, C ryptic  species, M arine green algae, M olecular phylogeny, Seaweeds, S iphonocla­
dales, U lvophyceae

INTRODUCTION

Chaetomorpha is a com m on and  w idespread green seaweed 
genus in  the order C ladophorales, characterized by 
attached  or unattached , unbranched  filam ents. The genus 
is d istribu ted  w orldw ide from  arctic Spitsbergen th rough  
the tropics to  A ntarctica . M ore th a n  200 species and 
infraspecific taxa have been described, o f  w hich only abou t 
50 are currently  recognized (G uiry  & G uiry  2010) based on 
a few m orphological characters, such as grow th form , cell 
shape and  dim ensions, and  shape o f  the basal attachm ent 
cell. W hile a few species are clearly delineated m orpho log ­
ically, e.g. Chaetomorpha antennina  (Bory de Saint-V incent) 
K iitzing, Chaetomorpha moniligera  K jellm an, Chaetomor­
pha  robusta  (A reschougi Papenfuss, Chaetomorpha spiralis 
O kam ura and  Chaetomorpha vieillardii (Kiitzing) W ynne, 
m ost taxa have vague boundaries due to  a scarcity o f  
diagnostic characters, com bined w ith  ecologically induced 
variations, reinforcing the need o f  m olecular d a ta  to  
circum scribe species in  the genus (Leliaert et cd. 2009b, 
2011 ).

M ost Chaetomorpha  species form  relatively robust, 
m acroscopic thalli, an d  only a few m icroscopic taxa have 
been described. These include Chaetomorpha sphacelariae 
Foslie, a dim inutive epiphyte on  Sphacelaria Lyngbye from  
N orw ay, Chaetomorpha m inim a  Collins & H ervey, an  
epiphytic species from  the N W  A tlan tic  O cean and 
C aribbean  Sea, an d  Chaetomorpha recurva Scagel, a m inute 
species from  the Pacific coast o f  N o rth  A m erica (Foslie 
1881; Scagel 1966; Schneider & Searles 1991; D aw es &

* C orresponding  a u th o r (frederik .leliaert@ ugent.be).

M ath ieson  2008; L ittler et cd. 2008). A lthough  the 
placem ent o f  these m icrofilam entous species in  Chaetomor­
pha  has never been confirm ed by D N A  data , a recent 
m olecular phylogenetic study dem onstrated  the position  o f 
ano ther m icrofilam entous epiphyte from  N orw ay, Uros­
pora microscopica Levring (now  Chaetomorpha norvegica 
Leliaert), in  the Chaetomorpha clade (Leliaert et cd. 2009b). 
T he low num ber o f  m icrofilam entous Chaetomorpha species 
described can, at least in  part, be a ttrib u ted  to  trad itional 
definitions o f  the genus th a t w ould  n o t include p lan ts w ith 
n arrow  filam ents b u t ra th e r place them  in o ther genera such 
as Urospora.

D uring  a field trip  in  the Philippines, we found  m inute 
green filam ents on  Chaetomorpha vieillardii [until recently 
know n as ‘Chaetomorpha crassa’ from  trop ical regions, 
(W ynne 2011)], w hich were m orphologically  sim ilar to  
Chaetomorpha norvegica. In  this article, we describe the 
m orpho logy  o f  these m icrofilam entous epiphytes and 
exam ine the system atic position  using m olecular data .

MATERIAL AND M ETHO DS

Specimens o f  Chaetomorpha vieillardii were collected in 
Septem ber 2007 in  D apdap , Siquijor, Philippines 
(9°13'21"N, 123°29'05"E) in  shallow  subtidal hab itats, 
dow n to  3 m  deep. Specimens were preserved in  5% 
form alin  in  seaw ater o r kept alive in  filtered seawater. C. 
vieillardii filam ents w ere checked for epiphytes under an 
O lym pus SZX10 stereo m icroscope (Olym pus Co., Tokyo, 
Japan). U nialgal cultures were established by transferring  
portions o f  the C. vieillardii filam ents w ith  epiphytes to
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Figs 1 -5 . Field-collected filam ents o f  Chaetomorpha philippinensis sp. nov. (H olotype: G E N T -FL 1136b), grow ing epiphytically on 
Chaetomorpha vieillardii. The lam inated  cell wall an d  ch loroplasts o f  Chaetomorpha vieillardii a re  visible in Fig. 2. Fig. 5 gives a  sense o f 
scale, show ing the  d ia tom  Rhoicosphenia  grow ing epiphytically on  a  Chaetomorpha philippinensis filam ent.

fresh seawater. The epiphytic filam ents developed spo ran ­
gia w ithin 1-8 days an d  unialgal cultures were established 
by iso lation  o f  spores. A lgal cultures w ere grow n in sterile 
1X m odified P rovasoli enriched seaw ater (W est 2005) at 
23°C, under a 12 h:12 h  ligh t-dark  cycle w ith  a p h o to n  flux 
ra te  o f  25-30 pE  m -2 s_1.

Field collected sam ples an d  cultures were studied on a 
Leitz-D iaplan  bright field m icroscope (Leica M icrosystem s, 
W etzlar, G erm any). C hloroplast m orphology  w as exam ­
ined using differential interference (N om arski) contrast. 
Pyrenoids were stained w ith  L ugol’s iodine. N uclei were 
stained w ith  W ittm an n ’s aceto-iron-hem atoxylin-chloralhy- 
d ra te  as described in  H om m ersand  et al. (1992). P h o to ­
graphs w ere taken  w ith  a ColorV iew  (Olym pus) digital 
cam era m oun ted  on  the m icroscope. In  addition , cultures o f  
Chaetomorpha norvegica from  Busepollen in  Austevoll, 
N orw ay  (Rueness 1992; Leliaert et al. 2009b) were re­
exam ined m orphologically.

M olecular phylogenetic analyses w ere based on  partial 
large subunit (LSU ) rD N A  an d  rD N A  ITS sequences. N ew  
ITS sequences were also ob ta ined  fo r Chaetomorpha  
norvegica. D N A  was extracted  from  algal cultures. D N A  
extraction , P C R  am plification an d  sequencing were p er­
form ed as described in Leliaert et al. (2007a, b). Sequences 
have been deposited  in  E M B L /G enB ank under accession 
num bers FR694875 and  FR694876 {Chaetomorpha philip­
pinensis, L SU  an d  ITS), an d  FR694877 (Chaetomorpha  
norvegica, ITS).

A n alignm ent o f  partia l L SU  sequences o f  26 taxa o f  
C ladophorales w as assem bled an d  analysed to  exam ine the 
phylogenetic position  o f  the Philippine filam ents w ithin the 
C ladophorales. Sequences were aligned using M U SC L E  
(Edgar 2004), an d  visually inspected. Selection o f  the m odel 
o f  nucleotide substitu tion  was perform ed using the A kaike 
in fo rm ation  criterion  w ith  jM odelT est vO.1.1 (Posada 
2008). T he datase t was analysed w ith  m axim um  likelihood 
(M L) using P A U P  v4 .0b l0  (Sw offord 2003) under a general 
tim e-reversible m odel w ith  gam m a d istribu tion  split in to  
four categories and  no  separate ra te  class fo r invariable sites

(G T R +G ), w ith  param eters estim ated by jM odelT est. The 
reliability o f  in ternal branches w as evaluated  w ith  lion- 
p aram etric  boo tstrapp ing  (1000 replicates). T he tree was 
roo ted  w ith Okellya  follow ing Leliaert et al. (2009b).

ITS sequences o f  the pu ta tive new  species from  the 
Philippines and  its closest relative, Chaetomorpha norvegica, 
were analysed to  check fo r conspecifity and  assess sequence 
divergence. The tw o ITS  sequences w ere aligned using the 
EM BO SS pairw ise alignm ent algorithm  (Rice et al. 2000) 
(available a t w w w .ebi.ac.uk) w ith  gap open penalty  10.0 
and  gap extend penalty  0.5.

RESULTS  

Chaetomorpha philippinensis Leliaert sp. nov.

Figs 1-22

d i a g n o s i s : Alga epiphytica marina tropica, e fïlam entïbus 
simplicibiis m inutis erectis constantes. Filamenta usque 
300 pm  longa, usque 12 cellulibus. Cellulae 4—24 pm  kitae, 
5—8 (—18) nucleatae. Chloroplastus parietalis lobatus multi- 
poris, 1—8 pyrenoiclibus. Chaetomorphae norvegicae affinis, 
seel serie genetica L S U  rD N A  (22 positiones) et IT S  rD N A  
(>  50% ) differ t.

Tropical m arine epiphytic alga form ing m inute, erect, 
unbranched , uniseriate filam ents. F ilam ents up  to  300 pm  
long, com posed o f  up  to  12 cells. Cells 4 -24  pm  in diam eter, 
con tain ing 5-8 (—18) nuclei. C hloroplast parietal, lobed, 
w ith  num erous pores, contain ing 1-8 pyrenoids. A kin  to  
Chaetomorpha norvegica bu t differing in  partia l rD N A  LSU  
(22 base pa ir differences) and  rD N A  ITS sequences (>  50% 
difference).

h o l o t y p e : FL1136b, D apdap , S iquijor, Philippines 
(9°13'21"N, 123°29'05"E), epiphytic on  Chaetomorpha
vieillardii (G EN T -FL 1136a), shallow  subtidal (1-3 m  deep), 
collected by F . Leliaert, 16 Sep. 2007, H erbarium  o f the 
G hent U niversity  (G E N T ). Living culture m ain ta ined  in
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Figs 6 -8 . C ulture o f  Chaetomorpha philippinensis sp. nov. (H olotype: G E N T -FL 1136b). T he term inal cells o f  the  filam ents in Figs 7, 8 are 
transform ed in to  zoosporangia  w ith zoids em erging th ro u g h  a pore  (arrow heads). Som e young filam ents develop next to  o r on  the  filam ents.

the Phycology R esearch G roup , G hent U niversity, Bel­
gium. G enB ank num bers o f  H olotype: FR694875 (LSU  
rD N A ), FR694876 (rD N A  ITS1-5.8S-ITS2).

isotype: H erbarium  o f  Sillim an U niversity  M arine L ab ­
oratory , Sillim an U niversity, D um aguete City, Philippines.

Morphology and reproduction

Thalli o f  Chaetomorpha philippinensis are b righ t green, 
form ing straight o r curved, uniseriate, unbranched  fila­
m ents up  to  300 pm  long, com posed o f  up  to  12 cylindrical 
cells (Figs 1—5). P lants in  culture grow  considerably larger
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Figs 9 -1 0 . C u ltu re  o f  Chaetom orpha philippinensis  sp. nov. 
(H olotype: G E N T -F L 1136b).

Fig. 9. D etail o f  zoosporangia  w ith a  dom ed pore  in the  apical or 
basal p a rt o f  the  cell. T he upper zoosporangium  still includes 
zoids. Sporelings develop next to  and  on  the  zoosporangia.
Fig. 10. D etail o f  h ap te ro id  a ttach m en t cell.

(Figs 6—8). F ilam ents are a ttached  to  the substra te  by a 
basal hyaline hap tero id  ho ldfast (Figs 2, 4, 6-8 , 10, 14, 15). 
Basal cells are 9 -14 pm in diam eter an d  15-35 pm  long 
(length-w idth ra tio  1:2.5). A pical cells are cylindrical w ith  a 
rounded  or po in ted  tip, (7—) 10-13 (—17) pm  in diam eter, up 
to  55 pm  long (length-w idth ra tio  up  to  6). In  culture, cells 
are up  to  14-24 pm  in diam eter. Cells o f  young  plants are 
generally smaller, c. 4 -6  pm  in diam eter an d  up to  30 pm  
long. E ach cell contains a parietal, lobed ch loroplast w ith 
num erous pores, generally contain ing 2 -8  pyrenoids 
(Figs 11—18); chloroplasts in  very young  p lan ts only 
con tain  a single pyrenoid  (Fig. 19), while large cells in 
culture m ay con tain  as m any  as 15 pyrenoids (Fig. 16). 
Cells are m ultinucleate, con tain ing up  to  eight nuclei 
(Fig. 22); larger cells in  culture m ay have up to  18 nuclei 
(Figs 20, 21). Z oids develop in  apical and  subapical cells 
th a t transfo rm  in to  zoosporangia (15-25 pm  in diam eter) 
an d  em erge th rough  a dom ed pore in  the apical, m iddle or 
basal p a rt o f  the cell (Figs 7—9). In  culture, p lan ts seem to  
reproduce asexually by spores only. R eproductive cells have 
n o t been observed in  field-collected m aterial.

Phylogenetic analyses

T he L SU  alignm ent o f  26 C ladophorales species w as 657 
sites in  to ta l, including 270 variable sites. Phylogenetic 
analysis revealed a sister relationship  betw een Chaetomor­
pha  philippinensis an d  Chaetomorpha norvegica w ith  high 
support (Fig. 25). L SU  sequence divergence (uncorrected p- 
distance) betw een the tw o species is 0.038, corresponding to  
22 base pair differences. As in  previously published LSU - 
based phylogenies (e.g. Leliaert et al. 2009b, 2011), the 
m onophyly  o f  Chaetomorpha  w as only poorly  supported.

T he ITS  sequence o f  Chaetomorpha philippinensis was 
766 bases long: ITS1 (386 bases), 5.8S (154 bases) and  ITS2 
(226 bases). The pairw ise alignm ent o f  ITS sequences

(excluding 5.8S) o f  Chaetomorpha philippinensis and  Chae­
tomorpha norvegica w as 900 sites long, including m any 
gaps. Sequence sim ilarity betw een the tw o aligned sequenc­
es was only 43.8%.

DISCUSSIO N

T he taxonom y o f  Chaetomorpha  is p roblem atic an d  in 
p articu lar m icrofilam entous m em bers o f  the genus are 
poorly  docum ented  (Leliaert et al. 2009b). M ost Chaeto­
morpha  species fo rm  m acroscopic thalli w ith  cells ranging 
from  c. 60 pm  in diam eter (e.g. Chaetomorpha ligustica 
[Kiitzing] K iitzing) to  several m m  across (e.g. Chaetomor­
pha  coliformis [M ontagne] K iitzing, Chaetomorpha robusta  
and  Chaetomorpha vieillardii). O nly a few m icroscopic 
species have been described, b u t the system atic position  o f  
m ost o f  them  rem ains uncertain  at this stage.

The newly described trop ical species Chaetomorpha 
philippinensis is nearly  indistinguishable from  the cold 
w ater Chaetomorpha norvegica (form ally Urospora m icro­
scopica) (Levring 1937; R ueness 1992; Leliaert et al. 2009b) 
(Table 1), an d  b o th  can  thus be considered cryptic species 
(i.e. species th a t are m orphologically  indistinguishable) o r 
pseudocryptic species (i.e. species th a t are a posteriori 
distinguished m orphologically). B oth species form  m inute 
filam ents w ith  com parab le cell dim ensions, w hich are 
a ttached  by a basal, hap tero id  holdfast. They also share a 
typical lobed ch loroplast w ith  num erous small pores and  
several pyrenoids (com pare Figs 11-15 an d  23, 24). Such 
perfo ra ted  chloroplasts have no t previously been observed 
in  the C ladophorales. The cells o f  Chaetomorpha philippi­
nensis appear to  con tain  m ore nuclei (5-8, an d  in  some 
large cells up  to  18 nuclei) th an  Chaetomorpha norvegica 
(norm ally four nuclei per cell), bu t m ore specimens w ould  
need to  be exam ined to  assess intraspecific varia tion  o f  this 
character. The tw o species are found  in  seas w ith  drastically 
different tem peratu re regimes, b u t they share a sim ilar 
h ab itat, grow ing epiphytically in  shallow  subtidal hab itats. 
O ur m olecular d a ta  show  th a t the tw o species are also 
phylogenetically closely related  yet genetically clearly 
distinct. A lthough  there is no  absolute th reshold  o f  LSU  
or ITS sequence divergence fo r defining species, the high 
sequence dissim ilarity between the tw o w arran ts the 
recognition  o f  separate species. ITS  sequence divergence 
betw een the tw o species exceeds 50%. This is far outside the 
range o f  intraspecific divergence found  in  o ther cladophor- 
alean species, w hich is generally below  8% (B akker et al. 
1995a, b; Leliaert et al. 2007b, 2009a, 2009c). C ryptic 
diversity has been reported  in  a wide range o f  eukaryotes 
(B ickford et al. 2007) an d  is particu larly  prevalent in 
m orphologically  simple organism s, such as unicellular o r 
filam entous green algae (B akker et al. 1995b; S lapeta et al. 
2006; Leliaert et al. 2009c; V erbruggen et al. 2009). O ur 
study thus confirm s the fact th a t the m orphology  overlooks 
a large genetic an d  species diversity in  algae.

A  num ber o f  o ther m inute Chaetomorpha  species have 
been described, w hich are m orphologically  allied w ith  
Chaetomorpha philippinensis and  Chaetomorpha norvegica. 
Chaetomorpha minima, a species from  the N W  A tlantic
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Figs 11-22. Chaetomorpha philippinensis sp. nov. (H olotype: G E N T -FL 1136b).
Figs 11-15. C ulture. D etails o f  chloroplasts in the  apical, in tercalary  an d  basal cells. E ach cell con tains a  single, lobed, parietal 
ch lorop last perfo ra ted  by num erous sm all pores. C hlorop lasts con tain  several pyrenoids.
Figs 16-19. C ulture. Cells stained w ith LugoFs iodine, show ing the  pyrenoids. The filam ent in Fig. 17 has some o ther filam ents (same 
species) grow ing a ttach ed  to  it.
Figs 20-22. Cells stained w ith W ittm a n n  s aceto-iron-hem atoxylin-chloralhydrate, show ing nuclei. C ultu red  filam ents (Figs 20, 211, field- 
collected filam ent (Fig. 22). T he filam ent in Fig. 20 has som e o ther filam ents grow ing a ttached  to  it.
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Figs 23-24. Chaetomorpha norvegica cu lture from  Busepollen in 
Austevoll, N orw ay . D etails o f  ch lorop last in apical an d  in tercalary  
cells. E ach  cell con ta ins a  single, lobed, parie ta l ch lorop last w ith 
num erous sm all pores and  several pyrenoids.

O cean and  C aribbean  Sea is an  inconspicuous epiphyte on  
algae, seagrasses and  salt-m arsh  plants, w ith slightly th icker 
filam ents th a n  Chaetomorpha philippinensis, m easuring 10— 
27 pm  across (Collins & H ervey 1917; Schneider & Searles 
1991 ; D aw es & M ath ieson  2008; L ittler et al. 2008). A nother 
d im inutive epiphyte from  N orw ay, Chaetomorpha sphacelar­
iae, is m orphologically  sim ilar to  Chaetomorpha m inim a  bu t 
has rem ained largely unnoticed  since its original description 
(Foslie 1881). Chaetomorpha recurva is found  along the 
Pacific coast o f  N o rth  A m erica an d  form s filam ents th a t are 
slightly narrow er th a n  Chaetomorpha philippinensis, m easu r­
ing 6-10 pm  across (Scagel 1966). G iven th a t m orphology  is a 
p o o r ind icator fo r species boundaries an d  relationships in  the 
C ladophorales (B akker et al. 1995a, b; Leliaert et al. 2007a, 
2009c), these Chaetomorpha  taxa will need to  be assessed 
using m olecular d a ta  before any judgem ent can  be m ade 
abou t their identities an d  phylogenetic relationships, in 
p articu lar their affinities w ith  Chaetomorpha philippinensis 
and  Chaetomorpha norvegica.

The m arine species Uronema marinum  W om ersley is also 
sim ilar to  Chaetomorpha philippinensis (Table 1). This 
species form s epiphytic filam ents on  green an d  red  seaweeds 
in  shallow  subtidal hab itats from  tem perate Southern  and  
W estern  A ustralia (W om ersley 1984). Uronema marinum  
differs from  Chaetomorpha philippinensis by its narrow er 
filam ents (4 -6  pm ) an d  by  having only one (or occasionally 
tw o) pyrenoids per cell. Uronema marinum  has also been 
recorded from  various regions in  the trop ical Indo-W est 
Pacific, including N o rth ern  W estern  A ustralia, the G reat
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Table 1. C om parison  o f  m orphological features betw een Chaetomorpha philippinensis. Chaetomorpha norvegica an d  Uronema marinum.

Chaetomorpha philippinensis1 Chaetomorpha norvegica2 Uronema m arinum 3

Source field-collected m ateria l culture culture culture
H oldfast hyaline, hap tero id hyaline, hap tero id hyaline, hap tero id hyaline, conical

ho ldfast ho ldfast holdfast holdfast
Apical cell diam . (pm) (7-) 10-13 (-17) 14-24 10-20 4 -6
Apical cell shape cylindrical cylindrical with cylindrical w ith cylindrical with

with rounded  tip rou n d ed  or po in ted  tip rounded  or po in ted  tip rounded  tip
N u m b er o f  nuclei per cell 4 -8 5-20 4 no d a ta
N u m b er o f  pyrenoids per cell 2 -7 3-8  (-15) 4-5 1 (-2)

1 Present study.
2 L eliaert e t al. (2009b) and  present study.
3 W om ersley (1984).

B arrier Reef, L ord  H ow e Island, M icronesia and  H aw aii 
(K raft 2000; L obban  & T suda 2003; A bbo tt & H uism an 
2004; L obban  & N ’Y eurt 2006; T suda et al. 2006; K raft 
2007; H uism an  et al. 2009). T ropical representatives seem to  
be m ore variable in  cell dim ensions and  num ber o f  pyrenoids 
and  therefore these records possibly do  n o t represent bona 
fide Uronema marinum. M olecular d a ta  will be required  to  
assess the identity  o f  tem perate and  trop ical p lants o f  
Uronema marinum. A no ther m arine Uronema species, 
Uronema curvatum  Printz, has been described from  N orw ay 
(Rueness 1992). This species is sim ilar to  Uronema marinum  
in  gross m orphology  bu t is distinctive by the absence o f  
pyrenoids. D N A  d a ta  have show n th a t Uronema curvatum  
(now Okelly curvata Leliaert & Rueness) form s a separate 
lineage, sister to  the C ladophorales (Leliaert et al. 2009b).

T he disjunct ranges o f  the closely related  species Chaeto­
morpha philippinensis and  Chaetomorpha norvegica, occur­
ring in  the trop ical Indo-Pacific and  cold-w ater A tlantic 
O cean respectively, could  lead to  b iogeographical specula­
tion. H ow ever, the curren t b iogeographical d a ta  are likely to  
be a result o f  undersam pling. Because o f  the ir dim inutive size 
and  often  scattered  occurrence, m arine m icrofilam ents are 
easily overlooked or erroneously  a ttrib u ted  to  juvenile stages 
o f  o ther filam entous green algae (K raft 2007). W e therefore 
presum e th a t a large diversity o f  m icrofilam entous C lado ­
phorales rem ains to  be uncovered. A dditional sam pling and 
iso lation o f  filam ents from  diverse hab ita ts  and  different 
geographical regions will be required  to  better understand  
the diversity, phylogenetic relationships an d  geographical 
d istributions o f  these inconspicuous species.
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