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Ericiolus gen. nov. (Prymnesiophyceae), a new  coccolithophorid  
genus from polar and temperate regions
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During late August 1985, a significant coccolithophorid contribution to phytopiankton biomass and diversity was evident in the inner 
Danish waters of the southern Kattegat and the Isefjord. The material included new taxa, one of which, Ericiolus spiculiger gen. et sp. nov., 
is now formally described together with a second, Antarctic species from the same genus, E. frigidus sp. nov. The genus comprises small, 
apparently heterotrophic species with a single type of calcified structure reminiscent of caltrops.

K ey w ords: Coccolithophorids, Ericiolus gen. nov., Isefjord, Kattegat, marine nanoplankton, Weddell Sea.

Introduction

C occolithophorids are generally  considered  to  be  o f little 
im portance in inner D anish  w aters an d  therefore collec­
tion  o f m aterial fo r phy to p ian k to n  m o n ito ring  p ro ­
gram m es is m ost o ften  carried o u t w ith o u t a tten tio n  
being  paid  to  preserv ing  delicate, calcified structures. 
H ow ever, significant b loom s of coccolithophorids [viz. 
Emiliania huxleyi (Lohmann) H ay  et M ohler] are repeated ly  
rep o rted  from  the  O s lo  Fjord and the  Skagerrak area 
(H olligan ef a/., 1989), for exam ple; satellite data from  the 
C oastal Z one C olour Scanner clearly indicate th a t an 
ex tensive b loom  o f coccolithophorids is a recurring 
p henom enon  in the  N o rth  Sea and th e  Skagerrak 
(H olligan et a l, 1989).

Results from  a m ajor survey  o f p ro tis t p lank ton  from  
th e  K attegat area (Thom sen, 1992) and  "Belt Project" data 
(Thom sen, 1979a and unpublished data) show  that 
Emiliania huxleyi a t least m ay  occur th ro u g h o u t the 
K attegat, th e  Belt Sea and the  w estern  Baltic at salinities 
do w n  to  8 -10% o S. Bloom quantities have  n o t been 
reached, a lthough  cell concen trations in excess of 
IO6 cells 1 1 do  n o t appear to  be unusual in the sou thern  
p art o f the  K attegat (Hansen, 1992).

Emiliania huxleyi is b ey o n d  dou b t the  single m ost 
im portan t coccolithophorid  species in inner D anish 
w aters. A  num ber o f o th e r  species have  been  found 
sporadically  in sam ples prepared  fo r transm ission elec­
tro n  m icroscopy (C hristensen et al., 1985; Thom sen, 
unpublished data). A m ong  these are som e of the 
enigm atic types o f w eakly calcified and  hetero troph ic  
coccolithophorids th a t have  recently  been  described 
from  polar w aters (see e.g. T hom sen et al.r 1988; G arrison 
& Thom sen, 1993; M archan t & Thom sen, 1994). These 
particular typ es of coccolithophorids are n o t d istribution- 
ally confined to  the  m ore saline parts o f the  Baltic Sea, but

can be  found a t salinities d ow n  to  3%o S (Thom sen, 1979b 
and unpublished data).

A n  unusual nanoplank ton  com m unity, in term s of 
abundance and  d iversity  o f coccolithophorids, w as 
encountered  in Isefjord sam ples from  late A ugust 1985. 
T hese particular sam ples included a t least 8 different taxa, 
som e of w hich  w ere  new  to  science.

T he presen t paper com m ents briefly on  this particular 
coccolithophorid  com m unity, and  additionally  describes 
th e  genus Ericiolus gen . nov. w ith  tw o  species: £. spiculiger 
sp. nov . from  th e  Isefjord, D enm ark, and  E. frigidus sp. 
nov. from  the  W eddell Sea, A ntarctica. T he la tte r species 
has prev iously  been  illustrated as C occo lithophorid  sp. 2 
(Thom sen et al„ 1988). In b o th  species the  calcified 
structures resem ble th e  caltrops o r  "crow s-feet" used  in 
ancient w arfare. For th e  sake o f sim plicity these structures 
will therefore be  referred to  below  as "caltrops".

Materials and methods

M aterial from  th e  Isefjord, D enm ark (Ericiolus spiculiger sp. 
nov.), o rig inates from  a nanoplank ton  survey  undertaken 
during 1984—5 at several sta tions th ro u g h o u t the  fjord 
and in the  sou thern  K attegat (Fig. 1 A ) (Kristensen, 1986; 
Thom sen, 1988fl,b). T he sam ples used fo r this particular 
investiga tion  w ere collected on  29  A u g u st 1985 from  
sta tions 3, 4, 7 and 12 (Fig. 1A). A  m anually  opera ted  
valve pum p w as used  to  collect th e  sam ples. W ater dep ths 
a t these particular sta tions ranged from  9 to  15 m. Surface 
salinities varied  from  16-5 (station 7) to  190% o S (station 3). 
T he surface tem peratu re w as c. 18°C  a t all stations.

T he A ntarctic m aterial o f £. frigidus sp. nov. m ostly  
orig inates from  th e  R /V  M elville  AM ERIEZ M arch 1986 
cruise (Fig. IB) to  the  W eddell Sea. A dditional m aterial 
from  the  sam e area (Fig. IB) w as collected  during  the
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Fig. 1. M aps showing the Danish (/I) and Antarctic sampling sites (B).

R /V  Polarstem cruises EPO S leg II (N ov. 1988—Jan. 1989) 
and A N T  X /3 "H erbst im Eis" (A p ril-M a y  1992).

T he nanoplank ton  w as concen trated  b y  m eans of 
filtration a n d /o r  cen trifugation  o f prefiltered samples. 
Small d rop le ts o f resuspended m aterial w ere placed on 
fo rm var/carbon  coated  grids fo r transm ission (TEM) and 
scanning (SEM) electron  m icroscopy or on  rinsed  cover- 
slips for light m icroscopy. B oth g rids and coverslips w ere 
carefully w ashed  in o rder to  rem ove salt crystals. For a 
m ore detailed  description o f th e  techniques used  see 
M oestru p  & T hom sen (1980) and T hom sen  (1982). 
P rior to  exam ination in a JEOL 100SX, the  g rids w ere 
shadow cast w ith  chrom e or go ld /palladium . Selected 
g rids w ere subsequently  spu tter-coated  w ith  go ld  and 
exam ined in a JEOL 100CX m icroscope w ith  scanning 
attachm ent.

T he X-ray elem ental analysis o f th e  new  genus w as 
carried o u t a t th e  G eological Institu te  o f  the U niversity  of 
C openhagen, using a C am bridge Stereoscan 180 scanning 
electron m icroscope, equipped w ith  a K evex energy  
dispersive X-ray analyser backed b y  a Link system .

M easurem ents w ere m ade using a Leitz A SM 68K  
picture analysis system .

Observations

Coccolithophorid community

Emiliania huxleyi was b y  far the  m ost abundant cocco­
lithophorid  species encountered  in the  A ugust 1985 
sam ples from  th e  Isefjord. Each w hole  m o u n t exam ined 
included num erous com plete cells and single coccoliths 
w ere scattered  all ov er th e  g rid  surface. O th e r  less 
frequently  observed  taxa include Acanthoica quattrospina 
Lohmann, Homozygosphaera sp. (undescribed species). 
Sphaerocalyptra sp. (undescribed species), Syracosphaera 
spp. (2 species), Balaniger balticus T hom sen  et O ates, and 
Ericiolus gen. nov. (described below).

Ericiolus T hom sen  gen. nov.

E tym ology: Latin ericius: hedgehog; -ol-: d im inutive suffix. 

Diagnosis
Cellula coccolithophora, parva, biflagellata, h e te ro lo p h a , 
hap tonerm ate  brevi in spiram  contractili. Peloplastus e 
squam is e substantia orgánica form atis e t spiculis quad­
rib ranch ia ta  calcificatis brachiis quoqueversum  exeuntibus 
constitutus.

Species typifica: E. spiculiger sp. nov.

Small, biflagellate, hetero troph ic  coccolithophorid  w ith  
short, coiling haptonem a. Periplast consisting o f organic 
scales and calcified structures in the  shape of caltrops, i.e. 
w ith  spikes po in ting  in all directions.

T yp e  species: E. spiculiger sp. nov.

Ericiolus spiculiger T hom sen  sp. nov . (Figs 2 -4 )  

E tym ology: Latin spiculum: spike; -ger: carrying.

Diagnosis
Cellula ephippioides, 3 0—3 8 /cm  longa et lata, flagellis 
binis subaequalibus circiter 12 p m  longis, h ap tonem ate  
dim idiae fere eorum  longitudinis. Squam ae n o n  calci- 
ficatae ovales, circiter 0 '5  X 0 '4  ¡im  m agnae, concentrice 
striatae. Spicula quadribrachiata calcificata m onom orpha 
num erosa to tam  cellulam induentia; quidque e tribus 
brachiis paene horizontalibus subaequalibus 0 1 —0 2 p m  
longis e t brachio único erecto  0  3 — 0-4 p m  longo  ángulos 
paulum  plus quam  90 graduum  cum illis form ante 
constitutum . O m nia brachia porcas longitudinales exhi- 
bentia.

D ie 29 A ugusti anni 1985 in aqua tem peratu rae 18 2 
graduum  Celsii e t salinitatis T6-5%o e sum m o mari



Figs 2 - 4 .  Ericiolus spiculiger gen. et sp. nov. from the Isefjord, Denmark; shadowcast preparations for TEM. Fig. 2. Complete specimen 
with curved flagella and coiling haptonema. Fig. 3. Detail of periplast showing caltrops and unmineralised scales with concentric ridges 
(arrowhead). Fig. 4. Caltrops; the arrowhead points to a distinct ridge. Scale bars represent I pm.

Sinus C odani (lat. bor. 56°00, long, orient. 11°5T0) 
haustus, figuris 2 —4 m onstratus. H o lo ty p u s a Fig. 2 
constitutus.

Cell saddle-shaped, 3 0 —3 8  /im , w ith  tw o  alm ost 
equally  long  flagella (c. 12 pm ) and a coiling h ap to ­
nem a of abou t half this length . O rgan ic  base plates oval 
(c. 0 5  X 0-4 /im ) and  w ith  concentric striations. N um er­
ous calcified structures (caltrops) o f one ty p e  cover the 
entire cell body. Each caltrop consists of 4 spikes of 
w hich th e  3 proxim al ones are of alm ost the same 
leng th  ( 0 1 - 0 - 2 /im ) and  radiate in the  sam e plane from  
a com m on centre. T he angle b etw een  th is p lane and the 
ou tw ard ly  pro jecting  longer spike (0 3 -0 -4  /im ) differs 
slightly  from  90°. T he spikes all have longitudinal 
ridges.

H olotype: Fig. 2.

H abitat: T he ty p e  m aterial w as collected  on  29 
A ugust 1985 from  sta tion  7, sou thern  K attegat, D en­
m ark (5 6 °0 0 N /1 1 °5 T 0  E; surface sample; 18'2°C; 
16'5%o S).

Ericiolus frigidus T hom sen  sp. nov . (Figs 5—7)

E tym ology: Latin frigidus: cold.

Diagnosis
Cellula ephippioides, 3 6—4 1  /im  longa e t lata, flagellis 
binis subaequalibus, h ap tonem ate  contractili dim idiae 
fere eorum  longitudinis. Spicula calcificata m onom orpha 
to tam  cellulam induentia; quidque e q u a ttu o r brachiis
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Figs 5—7. Ericiolus frigidus sp. nov. from Antarctica; shadowcast preparations for TEM. Fig. 5. Complete cell with extended haptonema. 
Fig. 6. High magnification of cluster of caltrops. Notice that one spike mostly seen end-on as a dot appears more solid than others.
Fig. 7. Detail of periplast showing cell shape and the dense cover of caltrops. Scale bars represent 1 /im (Fig. 5) or 0-5 /rm (Figs 6, 7).

subaequalibus ángulos aequales in ter se form antibus, in 
sectione transversa circularibus constitu tem .

D ie 14 D ecem bris anni 1988 in aqua tem peratu rae 1 
gradus Celsii e t salinitatis 339% o in ter 10 e t 20  m  sub 
aequore m aris W eddellensis (lat. austr. 58°29 '7 , long. occ. 
4 7 ° 0 r0 3 )  haustus, figuris 5—7 m onstratus. H o lo ty p u s a 
Fig. 5 constitutus.

Cell saddle-shaped (3 -6 -4 1  /im ), w ith  tw o  alm ost equally 
long flagella and a coiling hap tonem a o f  abou t half this 
length. Calcified structures o f  o n e  ty p e  (caltrops) cover 
the  entire  cell body . Each caltrop  is constructed  from  4 
alm ost equally  long  spikes p o sitioned  so th a t angles 
b e tw een  them  are equal. T he spikes are circular in cross- 
section.

H olotype: Fig. 5.

H abitat: T he ty p e  m aterial w as collected  on  14 D ecem ber 
1988 from  EPOS sta tion  163 (W eddell Sea; 58°29 '7S , 
4 7 ° 0 1 0 3 W ; m ixed surface sam ple from  10 and 20  m 
depth; c. 1°C and 33 9%o S).

Comments

T he presence o f calcium in th e  caltrops of E. frigidus has 
been verified b y  m eans of X-ray analyses o f periplasts.

T he m ain characteristics d istingu ish ing  the  tw o  species 
relate to  the  general m o rp h o lo g y  of th e  caltrops 
(presence o r  absence o f longitudinal ridges and  angles 
b e tw een  spikes). A  distinct difference in size b etw een  the

ou tw ard ly  po in tin g  spike and those  form ing the  proxim al 
base o f the  individual caltrop  is a characteristic feature of 
E. spiculiger (Figs 3, 4). In E. frigidus all spikes appear to  be 
o f the  sam e length , a lthough  in this species the  ou tw ard ly  
po in ting  spike is som ew hat m ore heavily  calcified and 
rounded  at th e  tip. O th e r  spikes a ttenuate  in to  fine- 
po in ted  tips (Figs 6, 7).

O rgan ic  base p lates have so far been observed  on ly  in 
E. spiculiger (Fig. 3). T he perip last o f  £. frigidus does n o t 
break easily. This explains w h y  m icrographs w ith  indivi­
dual caltrops are rare and also w h y  no  inform ation  is 
available on  the  organic com ponent o f the periplast of this 
taxon.

T he m aterial available does n o t allow  for conclusions 
concerning the  actual num ber of caltrops attached  to  each 
organic base p la te  in E. spiculiger. H ow ever, the  span of 
the 3 proxim al spikes approx im ately  corresponds to  the 
w id th  o f th e  organic base plate, indicating th a t a  1 : 1 
relationship m ay  exist betw een  caltrops and base plates. 
A  com plete understand ing  of the  perip last m ust aw ait the 
exam ination o f  sectioned m aterial.

Species o f Ericiolus cannot be  recognised  w ith  certain ty  
in any ty p e  o f  ligh t m icroscopical preparation, w ith o u t a 
sim ultaneous exam ination  o f w hole  m ounts o f cells 
p repared  for TEM . H ow ever, hav ing  first established 
th e  presence o f  this genus from  TEM  and, secondly, 
listed o th er species w ith  similar overall m orpho logy , it 
is in m o st cases possible to  identify  w ith  a h igh  d eg ree  of 
certain ty  these  particular ty p es o f cells from  "air- 
m oun ted" coverslip  preparations b y  ligh t m icroscopy. A  
saddle-shaped cell, a coiling hap tonem a half the leng th  of
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the  flagella, and a jag g ed  outline o f the  cell caused b y  the 
caltrops, constitu te  the  m ain m orphologica l criteria for 
ligh t m icroscopical identification (com pare Figs 2 and 5). 
In the  Isefjord m aterial it w as im possible to  distinguish 
b etw een  E. spiculiger and  Balaniger balticus. A  similar 
problem  existed  in A ntarctic m aterial w ith  respect to 
distinguishing £, frigidus from  C occolithophorid  sp. 1 
(Thom sen et a l, 1988). Balaniger balticus and  C occolitho­
p horid  sp. 1 share w ith  species of Ericiolus a similar overall 
m o rpho logy  and a  jagged  cell outline caused b y  the 
presence of delicate calcified structures.

T he assum ption  of a h e tero troph ic  nutritional m ode in 
species o f Ericiolus is based  on  the  fact th a t none of the  
cells identified as Ericiolus aff. in the  light m icroscope ("air- 
m oun ted" preparations; see paragraph above) show ed 
any  red chlorophyll autofluorescence w hen  exam ined 
under blue light excitation. O th e r  cells, m ostly  diatom s, 
p resen t in the  sam e fields of view  w ere  clearly autofluor- 
escing despite the  age of the  preparations. In addition, 
recen t exam ination o f b o th  A ntarctic and  A rctic samples 
(living m aterial and "air-m ounted" preparations), using  a 
similar technique of sw itching b etw een  phase-contrast 
and epifluorescence m icroscopy, has show n  th a t the polar 
con tingen t of coccolithophorids is entirely  hetero troph ic 
(G arrison & Thom sen, 1993; M archan t & T hom sen, 1994; 
T hom sen, unpublished data). It is unclear for the m om ent 
w hether these organism s are o sm otrophs o r phagotrophs. 
Epifluorescence m icroscopy has failed to  detec t any  
evidence o f rem nants of p h o to sy n th e tic  p rey  presen t 
inside the  cell. N on -p h o to sy n th e tic  p rey  (e.g. bacteria) 
is still a likely food  source.

Ericiolus spiculiger was observed  a t all Isefjo rd /sou them  
K attegat sta tions sam pled during late A ugust 1985 (Fig. 
1A). Ericiolus frigidus has been  found in sam ples from  three 
A ntarctic  cruises and is likely to  be  ubiquitous in 
circum polar A ntarctic w aters. T he gen u s has n o t been 
encountered  in n o rth  A tlantic polar regions.

Discussion

Ericiolus gen. nov. is m orphologically  distinct, and calci­
fied structures even  rem otely  rem iniscent o f the  Ericiolus 
caltrops are n o t know n from  any  living o r fossil cocco­
lithophorid . T he allocation of this genus to  any existing 
h igher taxonom ic level is problem atic.

It has recently  been show n (Thom sen et a í, 1991) that 
com plex life histories link genera o f coccolithophorids in 
p o lar regions. T he ev idence for this is the  occurrence of 
com bination  cells th a t in one  perip last com bine coccoliths 
from  tw o  genera, typically  a holococco lithophorid  genus 
and a heterococco lithophorid  genus (viz. Turrisphaera/  
Papposphaera; Trigonaspis/Pappomonas). It is anticipated 
(Thom sen et a í, 1991) that m ost, if n o t all, of the 
hetero troph ic, w eakly m ineralised "polar" coccolitho­
phorids form  part of such life histories. It should be 
em phasised th a t a lthough  these  organism s have orig in ­
ally been  described from  polar regions, subsequent 
research has show n that several o f these genera also

occur a t low er latitudes, and  even  in subtropical w aters 
(see e.g. T hom sen  et al., 1994), and  also th a t som e of the 
"polar" species d o  indeed  have  a m uch w ider geog rap h i­
cal d istribution. So far there  is no  ev idence (i.e. periplasts 
w ith  m ultiple ty p es o f coccoliths) in favour of linking 
species o f Ericiolus w ith  those  o f any o th e r  genus. D espite 
the  fact th a t w e strong ly  believe th a t such a link is likely 
to  be  found eventually , w e consider it relevan t to  place 
these n ew  species w ith in  a genus o f their ow n. T he formal 
descriptions p rov ide  th e  too ls needed  adequately  to  
handle new  inform ation  on  features such as d istribution  
and  abundance. A t th e  m om ent w e consider this m ore 
im portan t than  avo id ing  future nom enclatural problem s 
th ro u g h  p o stp o n in g  th e  establishm ent o f any  new  genera 
o r  species o f "polar" coccolithophorids until their com ­
plete life histories are unravelled.
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