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ABSTRACT: A n acco u n t is g iven  of M assisteria m arina  L arsen & Patte rson  1990, a  sm all phago troph ic  
p ro tis t assoc ia ted  w ith  sed im en t p a rtic les a n d  w ith  su sp en d e d  d e tr ita l m ateria l i n  littoral an d  ocean ic  
m arine  w aters, It h as  b e e n  found  at s ites a round  th e  w orld. T he organ ism  has a n  irreg u la r  s ta r-sh ap ed  
body  from  w h ich  ra d ia te  th in  pseu d o p o d ia  w ith  ex trusom es. T h ere  a re  2 inactive flage lla . T he organism  
is norm ally  sed e n ta ry  bu t, u n d e r ad v erse  conditions, th e  arm s a re  reso rb ed , th e  f lag e lla  becom e active, 
a n d  th e  o rg an ism  becom es a  m otile non -feed in g  flage lla te . T h e  ecological n ic h e  occup ied  b y  this 
o rgan ism  a n d  its p h y lo g en e tic  affinities a re  d iscussed.

INTRODUCTION

M uch of the  carbon  fixed  in  m arine  ecosystem s is 
deg rad ed  by  m icrobial com m unities a n d  it is h e ld  tha t 
protists, especially  flage lla tes u n d e r 10 pm in  size, 
exercise one of the  p rincipal contro lling  in fluences over 
bac teria l grow th ra tes  a n d  n u m b ers  (Fenchel 1982, 
Azam  et al. 1983, D ucklow  1983, Proctor & Fuhrm an 
1990). D etrital ag g reg ates , w h e th e r  b en th ic  or in  the 
w ater colum n, m ay suppo rt d iverse a n d  active m icrobial 
com m unities th a t include flage lla tes (W iebe & Pom eroy 
1972, C aron e t al. 1982, G oldm an 1984, Davoll & Silver 
1986, C aron 1987, B iddanda 1988, B iddanda & Pom eroy 
1988, Karl e t al. 1988, B ak & N ieuw land  1989, Patterson 
e t al. 1989). A part from species w ith  siliceous skeletal 
m aterial, few  sm all hetero troph ic  flagella tes have b een  
described. T he belief th a t a  la ck  of aw areness of the 
diversity of th ese  organism s m ay im p ed e  an  u n d e r­
stand ing  of th e  struc tu re  a n d  in teractions w ith in  m icro­
bial food w ebs h as  le d  to  efforts to  describe them

* M. m arina  is also d esc rib ed  in  L arsen  & P atte rson  (1990), and  
as b o th  m anuscrip ts a re  b e in g  su b m itted  a t th e  sam e time, 
som e g u id an ce  on th e  n o m en c la tu ra l au th o rity  is ap p ro p ri­
ate. W e trea t L arsen  & P a tte rso n  (1990) a s  th e  au thoritative  
n o m en c latu ral pu b lica tio n  a n d  au th o rsh ip  is to b e  considered  
as da tin g  from  th a t w ork, e v e n  in  th e  ev en t of it  b e in g  
pub lish ed  a fte r th is com m unication

(Patterson & F enchel 1985, F enchel & P atte rson  1986, 
1988, Vors 1988, L arsen  & P atterson  1990). H ere  w e 
rep o rt on a  protist, M assisteria  m arina  *, th a t is specifi­
cally associa ted  w ith  p lan k to n ic  an d  ben th ic  detritus 
an d  ap p e a rs  to b e  w id esp re ad  an d  com m on.

MATERIALS AND METHODS

C ultu res w ere  es tab lish ed  b y  dilution series from 
w a te r  sam ples ta k e n  in  th e  Limfjord (Denm ark), and 
w ere  m a in ta in ed  in  0.45 pm filtered  or artificial se a ­
w a te r  w ith  bo iled  w h e a t g ra in  or a d d e d  bac teria  
(P seudom onas  or K lebsiella  aerogenes) a t abou t 10 °C.

T he sam e organism  w as iso la ted  from  profundal 
sam ples w e re  ta k e n  u s in g  a  m ulticorer (B arnett e t al. 
1984) d u rin g  RRS 'D iscovery' C ruise 168 in  1987 (Sam ­
p le 11543, 20° 29.3 ' N, 18° 27.6 ' W, d ep th  1515 m ; and 
20° 28.9 ' N, 18° 28.3 ' W, d ep th  1590 m). It w as also 
found in  250 an d  750 m sam ples from th e  w a te r  colum n 
ta k e n  d u rin g  RRS 'D iscovery ' B O FS/JGO FS cruise 
(Station 11872, 47° N, 20° W, 7 Ju ly  1989). P rotistan 
p opu la tions w ere  m onitored  by  light-m icroscopy of liv­
ing  m ateria l in  organically  en rich ed  m ixed  cu ltu res at 
a tm ospheric  p ressu re  an d  10 °C.

The sam e species w as observed  in  in te rtidal sed i­
m en ts from  th e  S evern E stuary  (England), Portaferry 
(N. Ireland), L aúcala Bay (Fiji), Q u een slan d  (Australia),
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Panam a, Rio d e  Jan e iro  (Brazil), and  H aw aii (see 
Larsen & P atterson 1990 for details)

L ight m icroscopy w as conducted  as described  by 
P atterson  (1982). For electron  microscopy, agg regates 
of detritus from cu ltu res w ere  fixed w ith 5 % glutaral- 
dehyde  w ith  or w ithou t 0.1 % osm ium  te troxide in  7% 
sucrose and  100 m M  pho sp h a te  buffer a t pH  7.4. 
F ixed m aterial w as w ash e d  in  sucrose-buffer, em ­
b ed d e d  in  2 % agar, d eh y d ra ted  as sm all b locks and  
em b ed d ed  in  A raldite resin . Sections w ere sta ined  
w ith  lead  an d  uranyl.

OBSERVATIONS 

Light m icroscopy

Trophic cells. T he b ody  of trophic cells m easu res 2.5 to 
5 pm (average ca 4 pm, one cell from th e  S evern 
Estuary  m easu red  9 pm), is dorso-ventrally  flattened, 
has an  irreg u la r profile, an d  has 2 short inactive flagella 
curved over the  (dorsal) su rface  of the  cell aw ay from 
th e  substra te  (Figs. 1 an d  2). T he flagella m ay be 
ab sen t from som e cells. T he cell body gives rise to 2 to 
10 th in  para lle l-sided  p seu d o p o d ia  th a t m ay ex tend  in 
excess of 10 tim es (usually  4 to 5 tim es) the  body 
d iam eter aw ay from the  cell an d  are  in  contact w ith  the 
substra te . T he p seudopod ia  often b ranch  an d  m ay 
anastom ose; they  carry sm all g ranu lar bod ies (Figs. 1 
to 3). T here  is little cytoplasm ic activity in  the 
pseudopodia. T here  is usua lly  1 nucleus (occasionally 
2) w ith a  central nucleolus. A bout half the  cells have a 
retractile  g ran u le  less th a n  0.5 pm in  d iam eter n ear the 
flagella. The cells frequen tly  occur in  clusters (Figs. le  
an d  3), an d  p seudopod ia  of ad jacen t cells som etim es 
join toge ther (Fig. 3). E lectron m icroscopy reveals tha t 
cells in clusters are o ften  in  cytoplasm ic continuity. 
M assisteria marina  cells norm ally  feed on bacteria.

Transformation and m otile cells. If m icroscopic 
p repara tions of heavily  b ac te rized  cu ltures a re  m ain­
ta ined  u n d er a  cover slip for m ore th a n  a  few m inutes, 
som e cells transform  into flage lla tes w ithout arm s (Figs. 
Id  to f, and  4 to 11). D uring transform ation, the 
p seudopod ia  shorten , th icken  an d  are  reso rbed  (Figs. 7 
to 11). T he flagella le n g th en  som ew hat an d  becom e 
active. The transform ed flage lla tes are p liable b u t not 
m etabolic (i.e. do no t actively squirm ), an d  m easu re  up 
to 15 pm in length . T hey  are  p ea r-sh ap ed , often w ith 
the  posterior p a r t  d raw n out as a  relatively  stiff spike 
(Figs. 4 to 6). Som etim es 2 or m ore flagella tes a ttach  to 
each  other (Fig. le , f), as if all cells in  a  cluster tran s­
form sim ultaneously. N o feed ing  by  flagella tes w as 
observed.

The flagella of transfo rm ed  cells in sert subapically, 
an d  their b ea tin g  often deform s th e  cell. T he proxim al

half of th e  posterio r flagellum  is usually  th icker than  
th e  d ista l half (Fig. 4). The nucleus is located in the 
b ro ad est p a r t  of the  flage lla te , an d  a retractile granule 
is freq u en tly  seen  ad jac en t to  the  flagella. Flagellates 
m ay sw im  actively, or m ay glide w ith  th e  posterior 
flagellum  tra iling  ag a in st the  substrate. N o cysts w ith 
w alls w ere  observed.

Electron m icroscopy

M ost cells have 2 flage lla  (Fig. 12) th a t normally lie 
p ara lle l to th e  cell su rface  (Fig. 14), Cells of some 
popu la tions h a d  a  th in  layer of surrounding  m ucus (Fig.
19) an d  in  these , as in som e o th e r cells, flagella w ere 
red u c ed  in  le n g th  or absent.

T h e  flage lla r axonem e has a  conventional 9+2  struc­
tu re  (Fig. 15), th e re  b e in g  no accessory structures such 
as parax ia l rod or flage lla r hairs  or scales. The transi­
tional p la te  is slightly ra ised  a t its cen tre , and the 
cen tra l pa ir of m icrotubules en d  slightly above it a t a 
d isc -shaped  or le n s-sh ap ed  axosom e (Figs. 14 and 23). 
T he k ine tosom es of the flagella  are inclined  at an acute 
ang le  to ea ch  o ther an d  end  n e a r  the  nucleus (Fig. 12). 
T he in n e r  ends of the  k inetosom es are surrounded  by a 
th in  layer of am orphous elec tron-dense m aterial (Figs. 
12, 14 an d  23). T he k inetosom es give rise to a small and 
variab le  n u m b e r of m icro tubules w hich pass inw ards 
(Fig. 12) an d /o r  up  tow ards th e  cell surface (Figs. 16 
an d  17).

T h e  p seudopod ia  are th in  extensions from the cell 
a n d  are  su p p o rted  by one or several m icrotubules (Figs. 
18 a n d  23), M ore substan tia l p seudopod ia  are used to 
engu lf food particles (Fig. 19). Small extrusom es occur 
on  the  p seu d o p o d ia  or u n d er the  m em brane over the 
cell body. T hey  have a  concentric  substructure (Fig.
20), the  ap e x  of the core is often ex p an d ed  as a cap 
(Fig. 21). C oated  vesicles a re  also form ed a t the surface 
of th e  cell (Fig. 22).

T h ere  is a  sing le dictyosom e in trophic cells. It is 
located  ad jacen t to the nucleus a longside one of the 
k inetosom es (Fig. 24). It receives vesicles from the 
su rface  of th e  nucleus (Fig. 25). W e believe that this is 
the  re trac tile  g ranu le  observed  n ear the  bases of the 
flagella  -  particu larly  in  the  m otile cells.

T he cell con tains several m itochondria  w ith  tubular 
crisiae (Fig. 28).

T h e  nucle i have central nucleoli. T he ou ter face of 
the  n u c lea r envelope bears ribosom es (Fig. 28). A dja­
cen t to th e  nucleus is a  hom ogeneous electron-dense 
p a ra n u c le a r body (Figs. 28 a n d  29). It is bound  by a 
sing le m em b ran e  th a t is not continuous w ith  the nuc­
le a r envelope, and  is often su rrounded  by a fold of 
ro u g h  endoplasm ic reticulum  (Fig. 29).

As a p re lu d e  to cell division, flage lla r replication
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Fig. 1. M assisteria m arine, (a) Typical 
solitary cell w ith  ra d ia tin g  b ran ch in g  
pseudopod ia  w ith  g ran u le s  a n d  2 flagella  
curled  inactively  on th e  dorsal (away 
from substra te) sid e  of th e  cell, (b) Cell 
w ith only 2 pseu d o p o d ia , (c) Typical 
a rran g em en t of cells in  a  c luster as ob ­
served  com pressed  u p o n  a  m icroscope 
slide, (d) T h ree  in d iv id u a l m otile cells, (e, 

f) Fused  m otile cells. Scale  b a r  =  5 pm

p recedes mitosis. D uring  m itosis the nucleus develops 
large polar fen es trae  th rough  w hich sp ind le m icro­
tubules ex ten d  to m a k e  con tac t w ith  the  chrom osom es 
(Figs. 26 an d  27),

DISCUSSION

H aving b e e n  iso la ted  from littoral, ocean ic an d  pro- 
fundal w aters, from  trop ical an d  tem p era te  regions, 
from the  Pacific an d  A tlantic, an d  from th e  northern  
and  sou thern  h em isp h e re  (Larsen & P atterson  1990), 
M assisteria m arina  c learly  is geograph ica lly  w ide­
spread. T he ease  an d  frequency  w ith  w hich it is found 
ind icates th a t it  is ab u n d an t.

The organism  w as invariab ly  associa ted  w ith  detritus 
-  w h e th e r in  th e  w a te r  colum n or in  sedim ents. As 
carbon flux th ro u g h  detritu s m akes a significant con­
tribution  to the  to ta l flux in  th e  w ate r colum n (Goldm an 
1984, B iddanda 1988, B iddanda  & Pom eroy 1988), 
organism s affecting  th e  ra te  of rem ineralization  are of 
considerab le in te rest. O ne rou te  of rem ineralization  is 
via b ac teria l deg radation . P rotozoan p red a tio n  on b a c ­
teria can  acce le ra te  this p rocess (Fenchel & H arrison 
1976). H ence th e  diversity  of bacterivorous flagellates 
is of re levance  to  th e  p a th w ay s  of rem ineralization .

M arine bac terivorous flage lla tes a re  often though t of 
as m otile o rganism s w hich  feed  on su sp e n d ed  bacteria. 
M assisteria m arina  ch a llen g es this co n cep t as it is not 
norm ally m otile a n d  does n o t filter bac te ria  from the 
w ater column. Yet, th is  species is com m on an d  clearly 
m ust have ava ilab le  to it resou rces th a t a re  as w id e­

sp read  as b ac te ria  in  suspension . Its biology suggests 
th a t it occupies a  p red ic tab le  niche.

B acterivorous flage lla tes associa ted  w ith  detritus 
a p p e a r to b e  a d a p te d  to feed ing  in  one of 4 ways. 
Firstly, som e species consum e bac te ria  by  ingesting  
la rg e r m asses of de tritu s. Such flagella tes h av e  ye t to 
b e  rep o rted  from  ocean ic  detritu s b u t they  are well 
re p re se n te d  in  in te rtid a l b en th ic  ecosystem s -  m ostly 
b y  p h ago troph ic  eu g len id s  (Patterson e t al. 1989). Sec­
ondly, m ost species d esc rib ed  to da te  from  oceanic 
detritu s rem ove b a c te ria  from the  su rround ing  w ater 
usua lly  by  filter-feed ing ; th e  group inc ludes Per­
colomonas, collar flagella tes, an d  actinom onad, chry- 
sophytes, bicosoecids, and  re la ted  stram enopiles 
(C aron e t al. 1982, F en ch e l 1982, 1986a, F enchel & 
P atte rson  1986, 1988, P atterson  1989a). For m ost of 
th e se  flagella tes, th e  association w ith  the  detritus is 
tran s ien t an d  they  m ay d e tac h  to sw im  aw ay from  the 
a g g reg a te s . B acteria a ttac h ed  to the  detritu s a re  not 
accessib le  by  filte r-feed ing  (Fenchel 1986b) an d  are 
ta rg e ts  for th e  rem a in in g  2 groups. T he th ird  type of 
f lage lla te  inc ludes the  rap to ria l feeders (or riibb lers ') 
w h ich  consum e ind iv idual bac te ria  associa ted  w ith  the 
accessib le  surfaces of detritu s (Fenchel 1982, 1986a, 
1987, C aron  1987, M itchell e t al. 1988, P atterson  e t al. 
1989). So far th e re  have b e e n  no descrip tions of flage l­
la tes  specifically  a d a p te d  to th e  fourth  w ay  -  feed ing  
on bac te ria  w ith in  the detritus. This is the  role we 
assig n  to  M assisteria marina. T he rad ia ting  
pseu d o p o d ia  a rm ed  w ith  ex trusom es w ill m axim ise 
ch an ce  con tac t w ith  bac te ria  allow ing us to v iew  M. 
m arina  p rincipally  as a diffusion feed er (Fenchel 1987).
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Figs. 2 to 11. M assisteria m arina. L ight m icrographs of living cells. Fig, 2, S ingle  troph ic  cell; arrow  ind ica tes flagellum ; N = 
nucleus. Scale b a r =  10 pm. Fig. 3. A c luste r of cells; arrow  in d ica tes fusion of p seu d o p o d ia  arising  from  d ifferen t cell bodies. Scale 
b a r =  10 pm. Figs, 4 to 6. M otile  cells; arrow  in Fig. 4 ind ica tes re trac tile  body. Scale  bars =  5 pm. Figs. 7 to 11. Transform ation of 
cell w ith sho rten ing  and  th ick en in g  of arm s (Figs. 7 to 9) until a  cell w ithou t arm s is form ed (Fig. 10) w hich  th en  sw im s aw ay (Fig.

11). Scale b a r =  10 pm

A ggregates of detritu s a re  geographically  patchy  
resources of carbon. T hey  are  also short-lived as the 
carbon can  b e  burnt-off by  m icrobial activity or 
ag g reg ate s  m ay d isin teg rate . T hey  m ay also becom e 
unsu itab le  hab ita ts  as the  detritu s se ttles into w aters

w ith  differing physico-chem ical characteristics. This 
resource  exists as an  arch ipelago  of hab itab le  islands 
iso la ted  from each  o ther in  space an d  tim e. In order to 
successfully  exploit these  resources, populations will 
req u ire  survival stra teg ies tha t w ill allow  them  to sue-
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Figs. 12 to 18. M assisteria  m arina. T ransm ission  e lectron  m icrographs of se c tio n ed  m ateria l. Fig. 12. V ertical section  th ro u g h  the 
cen tre  of th e  cell an d  in c lu d in g  th e  2 flagella . T h ere  is a  short root (arrow) d irec te d  from  th e  base  of th e  flagella  to th e  n uc leus (N). 
Scale b a r = 0.5 pm. Fig. 13. C lu ste r of 4 cells. Scale b a r  =  1.0 pm. Fig. 14. L ong itud inal section th ro u g h  1 flagellum  (F), show ing 
axosom e an d  transitional p la te  w ith  ra ised  cen tre. M: m itochondrion . Scale b a r =  0.5 pm. Fig. 15. A  cross section of an  axonem e. 
Scale b a r =  0,1 pm. Fig. 16. L ong itud inal section  th ro u g h  a k inetosom e, sh o w in g  2 asso c ia ted  m icro tubules ex ten d in g  to th e  
surface of th e  cell. Scale b a r  = 0.2 pm. Fig, 17. T ransverse  section  th ro u g h  2 k inetosom es sh ow ing  3 assoc ia ted  m icro tubules 
ex ten d in g  u n d e r th e  p lasm a  m em b ran e . Scale  b a r  =  0.2 pm. Fig. 18. L ong itud inal sec tio n  th ro u g h  p a rt of a p seudopod ium , w ith 

m icro tubules (MT) an d  ex trusom es (E), th e  tw o on th e  r ig h t a re  n o t in  th e  restin g  sta te . Scale b a r =  0.5 pm

cessfully m ove from one is lan d  to  another. M any free- 
living and  parasitic  p ro tozoa face sim ilar problem s 
(Fenchel 1987). T he p rinc ip le  option  u sed  by oceanic 
bacterivorous flage lla tes is d ispersib ility  -  the  te n ­
dency  to de tach  from  detritu s a n d  to swim. This favours 
invasion of an o th er island  (G oldm an 1984, B iddanda & 
Pom eroy 1988). This p h en o m en o n  is n o t rem arkab le  if 
w e only consider th e  'classical' (i.e. filter-feeding) he-

te ro troph ic  flage lla tes b ecau se  th e re  is little difference 
b e tw e e n  organism s using flage lla  to p ropel fluid re la ­
tive to th e ir  b od ies (feeding) an d  those using  flagella to 
p ro p e l th e ir  bod ies rela tive to fluid (dispersal). The 
p h en o m en o n  of adaptive d ispersibility  does becom e 
ev id en t w h e n  w e include organism s such  as M assis­
teria m arina  or if com parisons are m ade  b e tw een  
organ ism s from  oceanic a n d  ben th ic  ecosystem s. In
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Figs. 19 to 25. M assisteria m arina. T ransm ission  e lec tro n  m icrographs of sec tio n ed  m ateria l. Fig. 19. Feed ing  cell taking in 
b acteria  (B) by pseu d o p o d ia l engu lfm en t. M u: m ucus. Scale b a r = 1 . 0  ¡xm. Fig. 20. E xtrusom es (E) in  cross section, show ing 
concentric  substruc tu re. Scale  b a r  =  0.2 pm. Fig. 21. L ongitudinal sec tion  th ro u g h  ex trusom e (E), show ing  colum nar capped 
ap p ea ran ce . Scale b a r  =  0.2 pm. Fig. 22. C oated  vesicle form ing a t th e  surface  of th e  cell. Scale b a r  =  0.2 pm. Fig. 23. Longitudinal 
section  th ro u g h  a  k inetosom e (K), rev ea lin g  d en se  m ateria l ag g reg a te d  w ith in  a n d  a round  the ou ter m arg ins of th e  basal part of 
th e  o rganelle . G razing  sec tion  th ro u g h  p seu dopod ium  show s m icro tubules (MT). Scale b a r =  0.5 pm. Fig. 24. Section  through the 
cen tre  of a cell show ing th e  d ictyosom e (G) n e a r th e  flagellar base  an d  ag a in s t th e  surface of the nucleus. P aran u clea r body (P) is 
lo ca ted  aw ay from th is reg ion  of th e  n u c leu s (N). Scale  b a r =  0.5 pm. Fig. 25. D ictyosom e app aren tly  rece iv ing  vesicles from the

surface of th e  nucleus. Scale b a r  =  0.2 pm

ben th ic  ecosystem s the  phen o m en o n  of dispersib ility  is 
no t as w idespread  (Patterson e t al. 1989), an d  in d eed  
those organism s lack ing  th is capacity  (e.g. phago- 
trophic euglen ids, Protaspis, M etrom onas) have failed 
to exploit sed im en ting  ag g re g a te s  of detritus.

T he stim ulus for transfo rm ation  an d  d ispersal by 
M assisteria m arina  ap p e a rs  to  b e  inappropria te  
physico-chem ical conditions becau se , w hen  transfor­
m ation occurs, o ther f lage lla te  species in  the  sam ples 
often show  signs of physio logical d istress associated  
w ith  overheating  or hypoxia (loss of shape  an d  activity).

T he phy logenetic  rela tionsh ips of th is taxon are not 
d iscussed  in  the original descrip tion  (Larsen & P atter­
son 1990). T he s ta r-sh ap ed  body  form is adop ted  by a 
w ide varie ty  of ta x a  such as G ym nophrys  (Cienkowski 
1876), C ercobodo  (Skuja 1948), Pseudospora  and Pro- 
tom onas  (Doflein & Reichenow  1928), ‘Actinom onas  
vernalis' (Stokes 1885, 1888), Rhizochrom ulina  and 
R hizochrysis  (Pascher 1917), a varie ty  of cristidiscoid 
am oebae  (Frenzel 1897, P atterson  1983, 1984), as well 
as m any  radiolaria, heliozoa an d  granuloreticulose 
am oebae. This body form is h igh ly  adap tive  and is not
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Figs. 26 to 29. M assisteria  m arina. T ransm ission  e lectron  m icrographs of sec tio n ed  m ateria l, F igs. 26, 27. Sections from  a series 
th ro u g h  div id ing  nucleus a t m e ta p h ase , show ing  sp ind le  m icro tubules n u c lea tin g  on  k in eto so m es (K) a t opposite  po les of th e  cell, 
an d  th e  n u c lear en v elo p e  w ith  la rg e  b re ak s  n e a r th e  poles. Figs. 28, 29. T ypical in te rp h ase  n u c leu s w ith  p a ran u c lea r bo d y  (P); in 

Fig. 28 th e  body  is en clo sed  w ith in  a  fold of endoplasm ic re ticu lum . M: m itochondrion. All scale  bars =  0.5 pm

indicative of specific rela tionsh ips, T he g rea tes t light 
m icroscopical sim ilarity is w ith  M icrocom etes  (Val- 
kanov 1931) an d  G ym nophrys  (C ienkow ski 1876, 
P enard  1902) b ec au se  m em bers of all 3 g en era  are 
sm all am oeboid  organism s hav ing  p seu d o p o d ia  w hich 
support sm all extrusom es.

Electron m icroscopical s tud ies prov ide protist taxa 
w ith u ltrastructu ral iden tities (Patterson & Brugerolle 
1988) w hich h av e  p roven  usefu l in  clarifying rela tion­
ships (Patterson 1989a, b). Of th e  2 ta x a  w hich m ost 
closely resem ble  M assisteria  from  a light-m icroscopical 
perspective, M icrocom etes  h a s  no t b e e n  stud ied  ultra- 
structurally. G ym nophrys , th o u g h  th o u g h t of as an  
am oeboid  organism , has k ine tosom es w ith  or w ithout 
short flagella an d  h as  sm all concen tric  ex trusom es (Pat­
te rson  unpubl.). G ym nophrys  differs from M assisteria

b ec au se  (1) it does no t h av e  a p a ran u c lea r body; (2) it 
has flat m itochondrial crisiae; (3) it has la rg e  num bers 
of cytoplasm ic m icrotubules; (4) the p seudopod ia  are 
invariab ly  su p p o rted  by m icro tubules; an d  (5) it has 2 
p la tes  form ing the  transitiona l zone of the  flagella. The 
u ltrastru c tu ra l iden tities are sufficiently d ifferen t to 
a rg u e  ag a in s t a  close rela tionsh ip  b e tw e en  M assisteria  
an d  G ym nophrys.

M assisteria  does share w ith  the  flagella tes B odo­
m orpha  a n d  Cercobodo  th e  fea tu re  of a hom ogeneous 
p a ra n u c le a r  body. The ty p e  species of Bodom orpha  
w as orig inally  described as P seudobodo m in im a  (Hol­
la n d e  1942), w ith  a novel g eneric  nam e b e in g  created  
la te r  (H ollande 1952) for nom encla tu ral reasons. 
B odom orpha reniform is  w as a d d e d  by Z hukov (see 
M ylnikov 1984). Bodom orpha  h as a  p a rab asa l cor­
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puscle (H ollande 1942, Z hukov 1971) com prised of 
dictyosom al m ateria l (Zhukov 1971 ). W e believe th a t this 
fea tu re  occurs in  M assisteria  as th e  retractile  granules. 
Bodom orpha  h as concentric ex trusom es an d  tubu lar 
m itochondrial cristae, b u t differs from M assisteria  in 
hav ing  cross-striated  rootlets associa ted  w ith the basal 
body and  (probably) a  w ell d ev e lo p ed  cartw heel struc­
tu re  a t the  base  of the  k inetosom e (M ylnikov 1984). 
T he 2 accounts (M ignot & B rugerolle 1975, M ylnikov 
1986) of C ercom onas  u ltrastruc tu re  su g g est sim ilar 
fea tu res in  tha t genus, a lthough  the  accounts differ 
w ith  respect to extrusom es. Som e species of C er­
com onas  m ay p roduce rad ia tin g  arm s (Skuja 1948).

Principally on the  ev idence  of the  p a ran u c lea r body, 
w e suggest th a t the  g en e ra  Cercom onas, Bodomorpha, 
an d  M assisteria  a re  closely re la ted . This case is te n u ­
ous and, until th e  arg u m en t can  b e  s tren g th en e d  w ith 
m ore inform ation, w e feei th a t it w ould  b e  inapp rop ri­
a te  to proffer a  new  taxon  to house th ese  genera.

A ckn o w led g em en ts .  W e th an k  K. W illiam s for his ab le  tech n i­
cal assistance. D. J. P. a ck n o w led g es financial su p p o rt of the 
Royal Society of London (light m icroscope), an d  of the N atural 
E nvironm ent R esearch C ouncil (BOFS specia l topic). BOFS 
pub lica tion  no. 3.
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