
F e a t u r e s

New Species

Cryptomonad flagellates
By Gianfranco Novarino

FREE-LIVING FLAGELLATE PROTISTS (flagellates for short) are arguably the m ost 
abundant and widespread eukaryotic microorganisms in the biosphere. As a 
group, flagellates are highly polyphyletic -  they are defined simply by the 
possession of one or more flagella used for locomotion or feeding, or both. This 
“flagellate condition” has been a huge evolutionary success as shown by the 
presence of flagellate cells in the great majority of protistan, protozoological and 
algal phyla, as well as in m any multicellular organisms -  including ourselves.

P lag io se lm is  s p e c i e s  in ed ita  N o va r in o  2 0 0 5  fr o m  t h e  M e d ite rra n ea n  S e a .

M arine  p la n k to n ic  flagellates, especially  th e  
n a n o p la n k to n - s iz e d  ( l - 2 0 p m ) f ra c tio n , 
c o n tr ib u te  s ig n if ican tly  to  m a rin e  p r im a ry  
p ro d u c tio n  o r ca rb o n  c o n su m p tio n , o r bo th , 
a n d  th ere fo re  p lay  p iv o ta l a n d  in trica te  ro les in 
th e  fu n c tio n in g  o f  th e  m arin e  ecosystem . T heir 
d iversity  is far fro m  h av ing  b een  d esc rib ed  at 
b o th  m o rp h o lo g ic a l a n d  m o le c u la r  levels. 
Im p ro v in g  o u r k n o w led g e  o f  n a n o p la n k to n  
d iversity  is a sc ien tific  im p era tiv e  if w e are  to 
a d d re ss  su c h  q u es tio n s  as th e  re la tio n sh ip s  
b e tw e e n  m o rp h o lo g ica l, m olecu lar, p h y sio -  
ec o lo g ica l a n d  g e o g ra p h ic a l d iversity , th e  
o c c u rre n c e  o f  c ry p tic  sp é c ia tio n , a n d  
u ltim a te ly  th e  very  n a tu re  a n d  m e ch an ism s of 
sp é c ia tio n  a n d  ev o lu tio n  in  th ese  organ ism s. 
T hese  a n d  o th e r q u es tio n s  are  b e in g  ad d ressed  
in  M arBEF w ith in  th e  MARPLAN R esponsive  
M o d e  P roject.

C -ry p to m o n a d  f lag e lla tes , w h ic h  a re  v e ry  
a b u n d a n t a n d  w id e sp re a d  in  th e  sea, are  a 
m o d era te ly  sp ec ies-rich  g ro u p  (200 k n o w n  
species, p o ss ib ly  3 0 0  to  1 ,2 0 0  species in  total) 
o n  m o rp h o lo g ic a l  g ro u n d s . U n d e s c r ib e d  
m o rp h o sp e c ie s  o f  th e  g en era  Cryptochloris, 
H em iselm is a n d  Plagioselmis [see box] w ere  
fo u n d  recen tly  d u r in g  o n g o in g  investiga tions 
o f n a n o p la n k to n  d iv e rs ity  in  th e  w e s te rn  
M e d ite rran ean . D esp ite  b e in g  new, th ey  have 
n o t b e e n  fo rm a lly  d e sc rib e d , w h ic h  m ay  
a p p e a r  su rp r is in g  b u t  is b e c o m in g  q u ite  
c o m m o n p la c e  w h e n  d ea lin g  w ith  p ro tis ts . 
P re v io u s ly  u n d e s c r ib e d  sp e c ie s  fo u n d  in  
c h e m ic a lly -f ix e d  w a te r  sa m p le s  a re  o ften  
c h ris te n e d  in fo rm ally  as species in ed itae  u n til 
th ey  can  be  iso la ted  in  p u re  lab o ra to ry  cu ltu re  
fo r f u r th e r  an a ly s is , e sp e c ia lly  m o le c u la r  
seq u en c in g .

T he full nam es of these  g enera  are 
Cryptochloris Schiller n o n  B entham  n o n  
Shortridge & Carter, Hemiselmis Parke and 
Plagioselmis B u tcher ex N ovarino  Lucas 
& Morrall.

C ryp tom onad  nom enclatu re is “am biregnal” 
because it falls u n d er the dual ju risd ic tio n  of 
the  Botanical and  Zoological Codes. The 
long  string  of nam es c o n s titu tin g  the  
authority  reflects the am biregnal h istory  of 
the  generic nam e.

All species in ed itae  o f c ry p to m o n a d s  w ere  
ch a rac te rised  u s in g  f ie ld -em issio n  sc an n in g  
e lec tro n  m icroscopy . T h is  rev ea led  severa l 
u l t r a s t ru c tu ra l  fe a tu re s  o f  ta x o n o m ic  
sign ificance, especially  th e  a rch itec tu re  o f th e  
cell su rface  (perip last) a n d  th e  fea tu res o f  th e  
v es tib u la r  reg io n  o f  th e  cell from  w h ic h  th e  
flagella arise. Plagioselmis species in e d ita  is 
p articu la rly  in te re s tin g  o w ing  to  th e  superfic ia l 
s im ilarity  to  o th e r  c ry p to m o n a d s  -  especially  
Teleaulax H ill -  in  te rm s  o f  cell sh a p e  a n d  
p ig m en ta tio n . It is a p e a r-sh a p e d  flagellate, 
sligh tly  co m p ressed  a lo n g  th e  p e rla te ra l axis, 
6 -9  X 4 -5 .5  X 3-4  p m  in  size, w ith  eq u a l or 
sligh tly  u n e q u a l flagella in se rte d  to  th e  rig h t-  
h a n d  sid e  o f  a b ro ad  v en tra l fu rrow  reach in g  
th e  m ed ian  p a r t  o f  th e  cell. Its p e rip la s t a llow s 
it to  be  id en tified  as a tru e  m em b er o f its 
g enus. A lth o u g h  th e  hexag o n a l p la te s  o n  th e  
cell b o d y  are  very  sm all (0 .1 5 -0 .25pm ) a n d  
b a re ly  p e rc e p tib le , th e r e  is  a n o n -p la te d  
p e rip la s t w ith  a very  sh o r t v en tra l b a n d  o n  th e  
p o in te d  cell poste rio r, as ex p ec ted  for a tru e  
m em b er o f Plagioselmis.

T he M e d ite rran ean  species in e d ita  b rin g s  th e  
c o u n t o f  Plagioselmis m o rp h o sp e c ie s  to  five. 
T h e  re la t io n s h ip s  b e tw e e n  m o rp h o lo g ic a l, 
m olecu lar, physio -eco lo g ica l a n d  g eo graph ica l 
d iversity  w ith in  th is  g en u s  are still u n k n o w n  
b u t th ese  new  d iscoveries a d d  to  th e  on g o in g  
d e b a te  o n  th e  a p p lic a b il i ty  o f  g e n e ra l 
b io g eo g rap h ica l c o n cep ts  to  th e  p ro tis ts.

G ianfranco N ovarino
T h e  N a tu ra l H is to ry  M u seu m  
L o n d o n
E m ail:g n @ n h m .ac .u k
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F e a t u r e s

Genetic Diversity

Macrophytes as models
The em erg in g  ro le  o f g en e tic  d iv e rs ity  fo r  
ecosystem  fu n c tio n in g

By Thorsten B.H. Reusch

DURING THE PAST decade, manipulative experim ents have provided 
compelling evidence of the importance of biological diversity for ecosystem 
functioning and stability. Diversity at the species and functional-group level 
begets productivity, resistance and resilience in the face of disturbance and 
stability with respect to tem poral fluctuations (overview in Loreau et al, 2002).

H ow ever, th e  em erg in g  c o n se n su s  is still 
incom plete . T he m ajority  of these stud ies have 
been  p erfo rm ed  in  g rassland com m unities or 
ex p e rim en ta l m icro - an d  m esocosm s, w hile  
m arin e  sys tem s are  c learly  u n d e rs tu d ie d . 
M oreover, a n u m b er of aquatic com m unities 
seem  n o t to fall u n d e r  th e  ‘species d iversity  is 
go o d ’ consensus. W hat cou ld  be m ore  un ifo rm  
th an  end less m eadow s of reed, sa ltm arshes or 
seagrasses th a t are locally  d o m in a ted  by  a 
ca n o p y  of a sing le  species? Yet these  
m acrophyte-based  com m unities rep resen t som e 
of the  m ost p roductive  an d  stable shallow -w ater 
a n d  e s tu a rin e  ecosystem s. Seagrasses in  
particular, a phylogenetically  diverse g roup  of 
60 o r so m a rin e  an g io sp e rm s , o ften  form  
m eadow s that consist of only  a few  or even one 
species. T heir low  taxonom ic diversity  is in 
s trik ing  con trast to  the ir  ecological im portance  
(Duarte, 2002). As fo u n d a tio n  o r ecosystem  
engineering  species, seagrasses allow  a rich  
invertebrate  an d  fish co m m u n ity  to thrive on 
o th e rw ise  b a r re n  se d im e n ta ry  coastlin es. 
M oreover, seagrass beds fix n u trien ts , stabilise 
the  sed im ent an d  preven t coastal erosion. It has 
b een  estim ated  th a t th e  ecosystem  services 
p rov ided  by m acrophyte  stands are am ong the 
h ighest for all ecosystem s com p ared  (Costanza 
et al, 1997).

T he ap p aren t u n ifo rm ity  of a seagrass canopy  
d isappears w h e n  v iew ed th ro u g h  the  eyes of 
m olecu lar genetics. M odern  m olecu lar m arkers, 
in  particu la r DNA m icrosatellites (see Box 1), 
tell a com pletely  different tale, revealing h id d en  
genotypic diversity  resu lting  from  the  com plex 
p a tte rn  of clonal rep ro d u c tio n  of these p lan ts 
(Fig 1, page 16). In  m an y  aquatic  p lan ts, 
inc lud ing  seagrasses, genetically  iden tica l shoots 
of a geno type proliferate in  space an d  form  
clones of various sizes an d  spatia l arrangem ent. 
T he so-called  ‘gen e ts’ (clones) m ay com prise 
several th o u sa n d s  of m orpholog ica l indiv iduals, 
or ‘ram ets’ th a t m ay be h u n d re d s  of years old.

G iven strik ing  differences in  clonal diversity  
betw een  seagrass p o p u la tio n s on  one han d , and 
the  experim enta l ev idence on  the  im portance  of 
species d iversity  on  the  other, m arine  ecologists 
have b e g u n  to  add ress the  role of genetic

d iv ersity  fo r ecosystem  fu n c tio n in g . R ecent 
e x p e rim e n ts  u sin g  th e  w id e sp re a d  seagrass 
species Zostera m arina  (eelgrass) ind ica te  that 
genotypic (or clonal) d iversity  m ay  replace the 
fun c tio n  of species d iversity  in  ecosystem s w ith  
few  or a sing le  fo u n d a tio n  species. In  an  
e x p e r im e n t in  C a lifo rn ia  by  H u g h es  an d  
S tachow icz (2004), m ix tures of 1, 2, 4 an d  8 
ee lg rass g en o ty p es  w ere  p la n te d  in to  the  
in te rtid a l zone of Bodega Bay. Diverse trea tm ents 
colon ised  the  area m ore rapidly, an d  recovered 
significantly  faster, th an  m o n o cu ltu re  p lo ts after 
nearly  destructive grazing by  m igra ting  Brant 
Geese (Branta bernicla). This effect, however, 
d isappeared  a few  m o n th s after d istu rbance . In 
the  so u th w este rn  Baltic (G erm any), R eusch  and  
co lleag u es co m b in e d  six  g en o ty p es  in to  
d iversity  trea tm en ts of 1, 3 an d  6 genotypes 
(R eusch et al, 2 0 0 5 ). T h e ir  ex p e rim en t 
co in c id ed  w ith  a p e rio d  of ex trem e w a te r  
te m p e ra tu re s  cau sed  b y  th e  u n p a ra lle le d  
heatw ave th a t h it E urope in  2003  (Schär et al, 
2004). T hese cond itio n s can  be v iew ed as a 
p recu rso r for the  p red ic ted  global w arm ing  in 
th e  co m in g  d ecades. W ater te m p e ra tu re s  
a tta in e d  25°C  in  th e  so u th w e s te rn  Baltic, 
lead ing  to  m orta lity  am ong  co ld -tem pera te  p lan t 
an d  anim al species, inc lud ing  eelgrass. Sim ilar 
to  the  response  in  the  C a lifornian  experim ent, 
th e  m o re  d iverse  assem b lag es of seagrass 
g eno ty p es sh o w ed  faster recovery  after the  
su m m er m ortality. M oreover, there  w ere m ore 
shoots, b iom ass an d  associated  invertebrates in 
diverse p lo ts at the  en d  of the  experim ent. These 
f in d in g s  sh o u ld  p ro v id e  an  a d d itio n a l 
m o tiv a tio n  for co n serv a tio n  a n d  re sto ra tio n  
b io lo g y  to  p ro te c t a n d  m a in ta in  genetic  
resources in  ad d itio n  to the  d iversity  of species 
an d  functional groups.

Since R eusch an d  co-w orkers also tran sp lan ted  
a ll g en o ty p es  te s te d  in  m ix tu re s  as 
m onocu ltu res, th e  u n derly ing  m echanism  of the 
positive b iod iversity  effect cou ld  be assessed 
(R eusch et al, 2 0 0 5 ). Surprising ly , the  
enh an cem en t of recovery  an d  b iom ass at the  end  
of th e  ex p erim en t w ere n o t due to  a few 
dom in an t genotypes tha t h ap p en ed  to  be the 
m o st re s is tan t g iven  th e  e x tra o rd in a ry  
c o n d itio n s  d u rin g  th e  2 0 0 3  h eatw ave (the

Edge of an ee lgr ass  (Zostera m arina) 
bed in th e  sou th w estern  Baltic on a 
san d y  se d im en t  in 3m depth.

Green crab (Carcinus m aenas) feeding  
on juvenile  blue m u sse ls  settling on 
ee lgra ss  blades.

Mysiid sh r im p s  (b a ck g ro u n d )  and  
isopod (Ido th ea  balthica, white arrow) 
grazing on ep ip hytes  o f  ee lg r a ss  lea v es  
during a night dive.
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F i g u r e  1: H igh -reso lu tion  clonal m ap ob ta in ed  through  n o n -d e s tr u c t iv e  
genotyp ing  of ee lg rass  sh o o ts  at 3 1 x 3 1  grid intersections (d istance 3 3 .3 c m ) .  
G en oty p in g  w a s  d o n e  b a sed  on th e  length  po lym orph ism  d isp layed  by 
microsatellite markers specifically d es ign ed  for ee lgrass .  The e ight largest c lones  
are marked by different colours.

‘se lection’ or ‘sam pling ’ effect, see Box 2). O n  the 
con trary , th e  b es t ee lg rass g en o ty p e  in  
m o n o c u ltu re  p e rfo rm ed  b ad ly  in  m ix tu res , 
w hereas all ‘w eak ’ perfo rm ers in  m o n ocu ltu re  
w ere enhan ced  in  the ir perfo rm ance in  diverse 
trea tm en ts. T he la tter find ing  su p p o rts  a true  
b iod iversity  effect, or co m plem en tarity  to be 
responsib le  for the  enh an ced  perform ance of 
diverse trea tm en ts (see Box 2).

M any  q u e s tio n s  re m a in  open . Firstly, 
ex perim en ts using  different m acrophyte  species 
are u rgen tly  n eeded  to assess the  generality  of 
the  effects iden tified  in  Zostera marina. Secondly, 
does genotypic diversity  only  p lay  a role u n d e r 
stress or d istu rbance , as the  stud ies in  eelgrass 
beds suggest? E xperim ents are u n d erw ay  in 
w h ich  the  perfo rm ance of test p o p u la tio n s w ith

D N A  m ic r o sa te ll i te s  a s  g e n e t ic  
m a rk ers

D N A  m icro sa te llites (synonym ous to  
s h o r t  tandem  rep ea ts  STR o r  sim ple 
sequence repeats SSR) are  sites on th e  
D N A  consisting  of small m otifs (2-6 
nucleotides) th a t are  repeated  >10 times, 
fo r exam ple GAGAGAGAGAGAGAGA 
GAGA. D ue to  th e ir  rapid step w ise  
m utation rates, many m icrosatellites display 
several length variants within populations. 
This polym orphism  can be utilised to  
distinguish individuals o r  to  assess 
relatedness, mating p a tte rn s and different
iation betw een  populations.

low  an d  h ig h  genotypic diversity  are tested  in  
heat-stressed  m esocosm s versus n on-stressed  
ones. If genotypic diversity  has a positive effect 
on ly  u n d e r  stress, th is  w ill m an ifest itself 
th ro u g h  a ‘genetic  d iversity  x te m p e ra tu re ’ 
interaction .

As a first step, the  above experim ents only 
addressed  the  level of genotypic (or clonal) 
diversity  as a subset of the  to tal genetic diversity  
u sing  a clonally  rep ro d u c in g  organism  as a 
m odel. H ow  to define genetic d iversity  am ong a 
co llection  of u n iq u e  genotypes, for exam ple in  
exclusively sexually  rep ro d u c in g  organism s, is 
an  o p e n  an d  m u c h -d e b a te d  q u e s tio n  in  
conserva tion  ecology an d  p o p u la tio n  genetics. It 
is clear tha t the  diversity  d isp layed by  neu tra l 
genetic m arkers, the  focus of the  overw helm ing 
n u m b er of stud ies co n d u c ted  th u s  far, is only 
w eakly  linked  to  selectively-relevant genetic 
diversity. W hat is n eeded  is a novel generation  of 
genetic m arkers th a t m easure diversity  d irectly  
at selectively relevant tra its (van T ienderen  et al, 
2002). Probably, an  a priori decision  w o u ld  have 
to  be m ade as to w h ich  traits are relevant u n d e r 
a g iven ecological challenge th a t sh o u ld  be 
assessed an d  m an ipu la ted .

In conclusion , recen t experim ents allow  for a 
generalisation  of ecological theory, because the 
effects of genotypic an d  species diversity  on 
ecosystem  fu nction ing  ap p ear analogous. The 
fu rth er developm ent of m olecu lar tools w ill 
so o n  allow  an  in tegrative experim en ta l app ro ach  
to  add ress consequences of biological diversity  
at th e  genotypic, genetic (sensu strictu) and  
species level.

D e c o m p o s it io n  o f  b io d iv ers ity  e f fe c ts  
in to  c o m p le m e n ta r ity  and  se le c t io n

Positive biodiversity effects may arise from  
tw o different processes. As a statistically- 
inevitable consequence, diverse co m m 
unities a re  expected  to  com prise th e  best 
perform ing species (o r genotype = clone) 
within th e ir m ixture th a t may dom inate the  
total response a t term ination. W h e th e r  o r 
no t such a 'sampling' (o r selection) effect is 
causally related to  biodiversity per se is 
controversial. O n  th e  o th e r  hand, tru e  
biodiversity effects arise w hen th e  average 
perform ance of species is enhanced by the  
p resence of o th e r  species (o r genotypes), 
for exam ple through facilitation o r niche 
differentiation. Loreau and H ecto r (2001) 
developed  a statistical p ro c ed u re  th a t 
allows a decom position  of th e  ne t bio
diversity effect into com plem entarity  and 
selection effects. Based on appropria te  
experim ental designs, th e  relative roles of 
com plem entarity  versus selection can be 
disen tangled  prov ided  th a t all species 
tes ted  in m ixtures a re  also p resen t as 
ex p erim en ta l m o n o cu ltu res . The p ro 
cedure  can also be adapted fo r genotypic 
instead of species diversity (Reusch e t al, 
2005).

T horsten  B.H. R eusch
M ax P lan ck  In s titu te  o f  L im nology  
A u g u s t T h ie n e m a n n  Str. 2 
2 4 3 0 6  P lön, G erm any  
Em ail: reu sch @ m p il-p lo en .m p g .d e
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F e a t u r e s

Functional Diversity
The influence of the lugworm (Arenicola m arina)
on biodiversity and ecosystem functioning in an intertidal m udflat

By Jam es S aunders, K irstie  Dyson D avid P a terso n

Intertidal mudflat on th e  German island o f  Sylt, February 2 0 0 5 .

ON THE GERMAN island of Sylt, ju s t 
south of the Danish North Sea coast, 
researchers at the Alfred W iener 
Institute established an experim ent to 
examine the influence of Arenicola 
marina upon an intertidal mudflat.

Six 20m  x 20m  exclusion  p lo ts w ere created 
(three each  at h igh  an d  low  tide) by  b u ry ing  a 
fine m esh  10cm  deep  in to  th e  se d im e n t, 
p re v e n tin g  A. m arina  from  b u rro w in g  
or estab lish ing  the  U -shaped  tub es in  w h ich  it 
lives.

E xcluding A. m arina  a llow ed observations on 
how  its presence in fluenced  the  ab u n d an ce  and 
d istrib u tio n  of o th er in te rtid a l species and  w hat 

effect th is h ad  on  the  physical n a tu re  and 
fu nction ing  of th e  system .

T h e  firs t stage of th e  e x p e r im e n t w as 
co m p le te d  in  F e b ru a ry  an d  M arch  200 5  
(supported  partly  by  MarBEF funds) w here  the 
sites w ere s tu d ied  u n d e r  w in te r conditions. 
M acro fau n a l an d  m ic ro p h y to b e n th ic  
co m m unities w ere sam pled  from  each p lo t and 
th e  ad jacen t c o n tro l p lo ts  w ith o u t m esh .

M easurem ents of ecosystem  function ing  and  
e n v iro n m e n ta l fac to rs  in c lu d e d  n u tr ie n t  
p ro d u c tio n , algal co n ten t an d  pho tosyn thetic  
p ro d u c tio n , sed im ent grain  size, w ater con ten t 
an d  sed im ent stability

D uring  th e  field cam paign  th e  m udfla t was 
sub jec ted  to  extrem ely  cold cond itio n s and  was 
regularly  covered  in  ice. W ith  biofilm s p resen t 
on  th e  sed im ent surface u n d e rn e a th  the  ice 
sheets, m easu rem en ts of p rim ary  p roductiv ity  
an d  b iom ass w ere taken.

M acrofauna ab u n d an ce  w as greater on  the  low 
shore  th a n  h igh  shore b u t b iod iversity  w as low 
at all sites as it w as dom in a ted  by  the  gastropod  
Hydrobia ulvae. T he  exclusion  of A. m arina  
resu lted  in  a sm all increase in  b iodiversity  due to 
increasing  n u m b ers of sm aller w orm s su ch  as 
the  po lychaete  Nereis diversicolor oligochaetes 
an d  Spionldea species.

S ed im ent stability  w as low  at all sites. However, 
h igh -tide  sites w ere slightly  m ore stable th an  
low -tide, a lth o u g h  th is m ay have been  a result of 
larger sed im en t particles in  these sites. The 
exclusion  of A. marina  from  h igh- an d  low -tide

sites d id  n o t affect the  sed im ent stability.

Analysis of th e  w in te r sam ples is still co n tinu ing  
an d  a re tu rn  visit in  the  su m m er of 2005 w ill 
a llow  c o m p a riso n s  of w in te r  a n d  su m m e r 
cond itions.

•  O ur thanks to Nils Volkenborn and colleagues at 
the A lfred W iener Institute, Sylt, and Irvine  
Davidson from SERG, St Andrews. Work supported 
by MarBEF

Jam es E Saunders, K irstie D yson  
& D avid  M P aterson
S ed im en t E cology R esearch  G roup , 
U n iversity  o f S t A ndrew s 
Em ail: dp l@ st-an d rew s.ac .u k
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