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Introduction

M ost a u th o rs  have  based  th e ir  in v estig a tio n s o f  T in tin n id  
system atics o n  the  well k n o w n  ‘C o n sp e c tu s’ o f  K ofo id  & 
C am p b e ll (1929). In th is w o rk  all ch a ra c te ris tic s  used  fo r 
se p a ra tio n  o f  th e  ta x a  a re  derived  fro m  th e  lo rica , th is 
s tru c tu re  sh o w in g  a  re m a rk ab le  a d h eren ce  to  ty p e  (K o ­
foid & C am p b e ll, 1939).

H ow ever, B ran d t (1906) a lre ad y  a d m itte d  th a t  a  c las­
sifica tion  on ly  based  o n  lo rica  sh ap e  a n d  s tru c tu re  w as in ­
co m p le te  an d  d e m o n s tra ted  a rtific ia l fea tu res  especially  
in re la tio n  to  th e  h igh ly  v a ria b le  lo ricae  o f  neritic  species. 
C o n seq u en tly , L aack m an n  (1908) a n d  M erk le  (1909) 
stud ied  the  p ro to z o a n  cells o f  several T in tin n id  species as 
well an d  in cluded  re p ro d u c tio n  p h en o m en a . P a rtic u la rly  
H o fk e r (1931) stressed  the  sign ificance  o f cell s tud ies . H is 
in v estiga tions en ab led  h im  to  co m p o se  a  key based  on 
lo rica  as well as on  cell s tru c tu re s . H e m ade  im p o rta n t 
o b se rv a tio n s  in re la tio n  to  the  d iffe ren t w ays o f  bu ild in g  
up  the lo rica  by T in tin n o p s is  ca m panu la . T h is  species 
show ed a  large v a riab ility  in one a n d  th e  sam e sam ple . 
H o fk e r a rg u ed  th a t  lo ricae  m ay  be c o n s tru c ted  by cells o f 
th ree fo ld  o rig in : 1. a f te r  b in a ry  fission  th e  u p p e r  d a u g h ­
tercell, keep ing  th e  old p e ris to m e , has to  b u ild  up  a new 
bow l in itia lly  c o n stru c ted  as a  c irc u la r  s tru c tu re . 2. som e­
tim es a cell is loosing  its o ld  lo rica  a n d  is b o u n d  to  m ak e  
a new  one: in th is  case, H o fk e r s ta ted , th e  lo rica  m ay  be 
c o n stru c ted  a lo n g  the  w hole la te ra l su rface  o f  th e  an im al. 
3. fina lly , new  cells m ay  d evelop  fro m  restin g  stages and  
are  th e re fo re  fo rced  to  bu ild  new  lo ricae  to o . M o reo v er, 
en v iro n m en ta l c o n d itio n s m ay  d iffe r d u r in g  lorica  co n -
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s tru c tio n . A fte r b in a ry  fission  th e  old lo rica  is m a in ­
ta in ed : co n seq u en tly , a  n u m b e r o f lo ricae  o f d iffe ren t age 
is p re sen t in cou rse  o f  tim e, dev elo p ed  d u rin g  d ifferen t 
co n d itio n s  o f  w a te r tem p e ra tu re , sa lin ity  an d  w a ter 
m ovem en t. C h an g es in sa lin ity  e .g ., p ro v o k in g  o sm o ­
re g u la to ry  activ ities o f th e  cells, m igh t lead to  tem p o ra ry  
changes in b o d y  fo rm , resu ltin g  in a b e r ra n t  sh ap e  o f the 
new  lo rica. N o tab ly  th e  a b o ra l end o f  T in tin n o p s is  b ero i­
dea  an d  T. ca m p a n u la  lo ricae  is vary ing  s tro n g ly  in re la ­
tio n  to  its shape . T h ere fo re  it is n o t su rp ris in g  th a t all 
tran s itio n s  have been  fo u n d  from  sh arp ly  p o in te d  to 
evenly  ro u n d e d  a b o ra l p o rtio n s  o f  T. b ero idea  (fig. 2-3). 
In th e  sam e w ay th e  d ev e lo p m en t o f  th e  bu tsch lii-  and  
c y a th u s - fo rm s o f T. ca m p a n u la  (fig. 9) is to  be u n d e r­
sto o d : H o fk e r observed  th a t sw arm in g  T. ca m panu la  
w ith o u t lo rica  were ro u n d e d  a n d  b u ilt new  bu tsch lii-  o r 
c y a th u s - l tk e  bow ls. T h e  u p p e r d au g h te rce ll d ev elop ing  
a f te r  b in a ry  fission , o n  the  o th e r  h a n d , is a b o ra lly  po in ted  
orig ina lly , fo rm in g  a typ ica l cam p a n u la -  like lo rica  w ith 
pedicel.

N o t on ly  the sh ap e  o f the  a b o ra l p a r t,  b u t a lso  the 
lo rica  leng th  is ex trem ely  v a riab le . G o ld  (1969), c u ltu rin g  
Favella, d e m o n s tra ted  th a t  in ageing  cu ltu res  leng th  d e ­
creased  s tro n g ly  in co m p a riso n  to  th a t  o f  specim ens 
fro m  n a tu ra l  p la n k to n  sam ples. O ra l d iam e te r , on  the  
o th e r  h a n d , a p p ea red  nearly  c o n stan t. H alm e & L u k k a- 
rinen  ( i9 6 0 ) m easu red  h u n d red s  o f  lo ricae  o f  T in tin n o p ­
sis lo b ia n co i  D ad av  an d  a lso  fo u n d  a g rea t c o n stan cy  of 
o ra l d iam ete r.

W e had  the  o p p o rtu n ity  to  s tu d y  a  large m ate ria l from  
several s ta tio n s  o f  th e  sea a rm s , e stu aries , larg e r and 
sm alle r b rack ish  in land  w aters o f the  S .W .-N e th erlan d s  
d u rin g  a p p ro x . 5 years (see M ap). T h e  large v a riab ility  o f 
lorica  shap e , d im en sio n s a n d  s tru c tu re , stressed  the
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Map o f the area investigated with sampling localities.

necessity  never to  id en tify  species ex am in in g  o n ly  a  few 
specim ens, b u t to  s tu d y  in  e ach  sam ple  as m an y  speci­
m ens as possib le . D u rin g  p e rio d s o f  p e ak  a b u n d an c e  
dense  p o p u la tio n s  w ere sam pled : such  sam p les a p p ea red  
p a r ticu la r ly  su itab le  to  e s tab lish  specific lim its o f  v a ri­
ab ility . E x ten siv e  s tu d ies o f  large n u m b ers  o f  lo ricae  
b e fo re  d esc rib in g  a  species w ere a lso  m ad e  by R o sso lim o  
(1926) a n d  H a lm e  &  L u k k a rin en  (i9 6 0 ). In  c o as ta l w aters 
o f  th e  tem p e ra te  zone  species o f  th e  fam ilies C o d o n e lli­
d ae  (genus T in tin n o p sis)  a n d  C o d o n e llo p sid a e  (genus 
S ten o sem e lla ) p re d o m in a te . In  th is first p a p e r  we have 
trea te d  on ly  th e  T in tin n o p s is  species. A ll figu res have 
been  d ra w n  a f te r  m easu rin g  th e  o ra l d iam e te r , leng th , 
m ax im u m  d iam e te r a .s.o . D im en sio n s w ere p lo tte d  an d  
lo rica  o u tlin e s w ere sk e tched ; finally  figures w ere co m ­
p leted  w ith  a ll d e ta ils  (incl. en c ru sta tio n ).

Description of the species

a. T. ba ltica  B rand t, (fig. ia -d ).
T h e  ch ara c te ris tic  sh ap e  o f  a  ty p ica l T. b a ltica  is p re ­
sen ted  in  fig. i a. T he lo rica  show s a f la rin g  m o u th , n u ch a l 
co n s tr ic tio n , in fla ted  bo w l a n d  co n ica l p o in te d  a b o ra l 
en d , th e  la tte r  so m etim es b e in g  slightly  co n v ex  a t  one 
side a n d  sligh tly  con cav e  a t  the  o th e r  side. T h e  o ra l rim  
m ay  be d en ticu la te .

T he v a riab ility  o f  th is species is large . M a n y  lo ricae  
have  th e  a p p ea ran c e  o f fig. I b a n d  c, sh ow ing  th e  en la rg e ­
m en t o f  th e  bo w l c loser to  th e  a b o ra l en d  th a n  th e  speci­
m en  o f  fig. ia .  S o m etim es in d iv id u a ls  a re  fo u n d  as

p ic tu red  in  fig. id ,  lack ing  an y  en la rg em en t o f  th e  house 
su b o ra lly  a n d  g rad u a lly  n a rro w in g  in a b o ra l d irec tio n . 
T he specim ens o f  fig. ib  an d  c som etim es show  a n n u la ­
tio n .

D im ensions: o ra l d iam ete r: 36-48/1, m a x im u m  w id th  
o f  th e  bo w l 36-50/t; leng th  55-106/11. T hese d a ta  ag ree  w ith 
th o se  given by  B ra n d t (1906) an d  S ilva (1950). B alech 
(1948) stu d ied  m ate ria l fro m  A tlan tic  O cean  w aters  o ff 
U ru g u ay  a n d  fo u n d  sm alle r d im en sio n s (o ra l d iam eter: 
30-40/i; m ax im u m  d iam e te r o f  th e  bow l: 28-35/i; length  
42-72/i), a p p a re n tly  ow ing to  the  p rev ailin g  h ig h er w a ter 
tem p e ra tu re  in  th is su b tro p ica l region.

T he ran g e  o f  v a riab ility  d e m o n s tra ted  in  fig. ia -d  was 
a lread y  estab lished  by ea rlie r a u th o rs . F ig . i a  co rre ­
sp o n d s  very  well w ith  B ra n d t’s (1906) fig. 6, pi. 15; w ith 
B alech’s (1948) fig. 22, pi. 3 a n d  fig. 44, pi. 4; a n d  w ith  
S ilva’s (1950) fig. 2, pi. I. T h e  m o st c o m m o n  fo rm  o f the  
species, fig. i b  an d  c, is sh o w n  to o  by B ra n d t’s (1906) fig. 
9, pi. 15 a n d  by  S ilva’s (1950) fig. 5, pi. 1. F in a lly , the 
ra th e r  a b e rra n t  sh ap e  o f fig. id  co rre sp o n d s  w ith  B ra n d t’s 
(1906) fig. 15, pi. 15. W e d id  n o t  o b serve  B ra n d t’s (1905) 
specim ens o f  T. ba ltica  w ith  s tro n g ly  e lo n g a ted  co lla r  (his 
fig. 4 , pi. 16).

H o fk e r (1931) w rong ly  co n sid ered  7 . baltica  an  
e lo n g a ted  T. f im b r ia ta .  W e w ere n o t  ab le  to  d isco v er any  
tran s itio n a l stage betw een  T. f im b r ia ta  a n d  T. ba ltica  in 
the  W este rn  S ch e ld t e s tu a ry  w here den se , p a r tly  o v er­
lap p in g  p o p u la tio n s  o ccur. T. baltica  is a  p o ly h a lo b e  spe­
cies ex ten d in g  in  th e  m eso h alin e  zone, w hereas T. f i m ­
bria ta  is a  tru e  b rack ish  w a te r species, ch a ra c te riz in g  the 
m eso h alin e  p a r t  o f  th e  e s tu a ry  a n d  e x ten d in g  in to  the 
low er reaches o f th e  p o ly h alin e  zone. T. ba ltica  B ran d t 
an d  T. f im b r ia ta  M eu n ie r a p p e a r  to  d iffe r m ark ed ly  in 
shape  (co m p are  figs. 1 w ith 7), d im en sio n s a n d  sa lin ity  
p reference.

Jö rg e n se n  (1927) su p p o sed  T. va scu lu m  M eu n ier, T. 
strigosa  M eu n ie r a n d  T. tu rb o  M eu n ie r to  be  iden tica l 
w ith  T. baltica. T h is m ay  be ju s tified , in o u r  o p in io n , in

la b c d
Fig. I .  Tintinnopsis baltica Brandt ( ia , b, c from the Western 
Scheldt, loc. 3, 5; id  from the Eastern Scheldt, loc. 9).
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re la tio n  to  T. va scu lu m  a n d  T. strigosa . T. va scu lu m  
how ever lacks a  f la rin g  m o u th , is en la rg ed  in  its u p p e r 
h a lf  a n d  is a b o ra lly  ro u n d e d . T. strigosa , o n  th e  o th e r 
h a n d , d o es indeed  resem ble  T. baltica. T hese  tw o  species 
( T . va scu lu m  a n d  strig o sa ) a re  d esc rib ed  b y  M eu n ie r 
(1919) fro m  a  few  specim ens only; th e re fo re  th ey  a re  to o  
in su ffic ien tly  k n o w n  to  be m a in ta in ed  as d is tin c t species. 
T. tu rbo , o n  th e  c o n tra ry , we co n sid e r a  valid  species (see 

Pg- 12).
F in a lly  th e  p o sitio n  o f  T. n itid a  B ra n d t a n d  T. sin u a ta  

B ra n d t h as to  be  d iscussed  in  re la tio n  to  T. baltica . M a r­
sha ll’s (1969) figu re  43, pi. 2 rep re sen tin g  T. n itida , no  
d o u b t be lo n g s to  T. baltica. B ra n d t’s (1906) o rig in a l 
figu res 5 a n d  io , p i. 15, h o w ever d iffe r m ark e d ly  fro m  
M a rsh a ll’s one. H is T. n itid a  th e re fo re  m ay  be a  valid  
species. T. s in u a ta  B ran d t is la rg e r, m o re  e lo n g a ted  (vase­
sh ap ed ) a n d  show s in fla tio n  o f th e  bo w l a b o v e  th e  m iddle  
(B ra n d t, 1906, fig. 3, 4, pi. 15). A cco rd in g  to  Jö rg e n se n  
(1905) T. n itid a  varies s tro n g ly  a n d  show s tra n s itio n s  to  
T. s in u a ta  as in d ica ted  by  his fig. 116 pi. 18. O u r  p re lim ­
in ary  co n clu sio n  is th a t  T. n itid a  a n d  T. s in u a ta  h ave  to  be 
u n ited . In c lu s io n  h o w ever o f  th is species in to  T. ba ltica  
seem s n o t yet ju stified .

b. T in tin n o p s is  bero id ea  S te in  (fig. 2-8)
T he d ifficu lties o f  th e  e x ac t d e lim in a tio n  o f  system atic  
en titie s  w ith in  th e  genus T in tin n o p s is  a re  well illu stra ted  
by  th e  figs. 2a-h  a n d  3a-f. T h e  lo ricae  o f  b o th  series have 
been fo u n d  in sm all p o ly h alin e  in la n d  w a ters . T h e  speci­
m ens o f  fig. 2 w ere sam p led  in  w in te r (8-2-’72) th o se  of 
fig. 3 in su m m er (22-8-’72). T h ey  d iffe r m ain ly  in  w id th  
o f  o ra l d iam ete r: 50-60/2 (average 53,5/1) in the  w in ter 
series, 40-42,5/2 in  th e  su m m er series. D im en sio n s o f  the

lo rica  m ay  p a rtly  d ep en d  o n  w a te r  te m p e ra tu re . M ostly  
species a re  la rg e r in  th e  c o ld e r p a r ts  o f  th e ir  ra n g e  (M a r­
shall, 1969). E q u a lly  a  species o c cu rrin g  th ro u g h o u t  the  
y ear m ay  reach  la rg e r d im en sio n s in  w in te r  th a n  d u rin g  
sum m er. A s u su a l leng ths o f  lo ricae  o f b o th  series varied  
m u ch  m o re  th a n  o ra l d iam ete rs: th e  len g th  ran g e  of 
series 1 w as 60-135M, ° f  series 2: 50-1 io/u.

W e assign  b o th  series to  th e  sam e species as th e  largest 
p o r tio n  o f  specim ens (60-70% ) w as c h a rac te rized  by  the  
iden tica l a p p ea ran c e  o f  fig. 2d an d  3b. T h e  c o n stan c y  in 
w id th  o f  o ra l d iam e te r  (n o tab ly  in series 2) ex c lu d ed  the  
poss ib ility  o f  th e  p resence  o f  d iffe ren t species in b o th  
series.

T h e  g re a t v a riab ility  o f  th e  species in b o th  series is 
d e m o n s tra ted  by  several ch arac te ris tics . A n n u la tio n  was 
som etim es c learly  v isible in th e  su m m er fo rm s (fig. 3a), 
b u t  in m o st cases n o t o r  h a rd ly  d e m o n s tra te d  (fig. 3e). In 
th e  w in te r  fo rm s a n n u la tio n  w as n o t  seen a t  all. S ligh t 
a n n u la tio n  h o w ever m ay  be easily  o v e rlo o k ed  w hen  the  
e n c ru s ta tio n  w ith  p a rtic les  becom es d en se r (H a lm e  and  
L u k k a rin en , i9 60), w hich  w as indeed  th e  case  in the  
w in te r fo rm s (c o m p are  figs. 2 a n d  3). S o m e sum m er 
fo rm s show ed  g ra d u a l n a rro w in g  (fig. 3 t) in o ra l d irec ­
tio n , in som e cases fo llow ed  by w iden ing  o f  the  m o u th  
(fig. 3d). O ften  th e  a b o ra l p a r t  o f  th e  lo rica  w as sp h erica l 
(30-40% , fig. íe ,  f, 3a, c, e ,) g iv ing  th e  species a  T. lo b ia n ­
co i ap p ea ran c e . M o reo v er th e  species d e m o n s tra ted  
several tim es a sligh t w id en in g  o f  the  ro u n d e d  a b o ra l p a rt 
(fig. 2a , e, 3a, d , e). T he m o st c o m m o n  a p p ea ran c e  h o w ­
ever is show n  in figs. id  a n d  3b: lo rica  a b o ra lly  b lu n tly  
p o in ted , ty p ica lly  fo r  T. b ero idea  S te in .

O u r assig n em en t o f  the  species to  T. b ero id ea  S te in  is 
based  on  th e  fo llo w in g  co n sid era tio n s:

Fig. 2. Tintinnopsis beroidea Stein (from Inlaag 1953, loc. 13). Fig. 3. Tintinnopsis beroidea Stein (from Schelphoek, loc. 14).
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1 . T h e  fa irly  large  av erage  o ra l d iam e te r (4 0 -5 4 /2 )  is in 
ag reem en t w ith  th e  d im en sio n s given by D a d a y  (1 8 8 7 ) : 

4 5 -5 0 /2  a n d  E n tz  Sr. (1 8 8 4 ) :  5 0 -6 0 /2 . O fte n  h o w ev er sm al­
ler w id th s a re  g iven: 18-36/M (M a rsh a ll, 1 9 6 9 ) ; 3 0 - 4 2 /2 )J o r ­
gensen , 1 9 2 7 ). S m alle r d iam e te rs  (ran g e  2 0 -4 0 /2 )  w ere 
generally  fo u n d  in the  fo rm s o ccu rin g  in  c o as ta l seaw ate r 
an d  th e  larg e r in lan d  p o ly h alin e  w a ters  (L ak e  Veere). 
T hese specim ens a re  p ic tu red  in fig. 4 .

2. Jö rg e n se n  (1927, fig. 5 ) d escribed  T. bero id ea  S te in  
a cco rd in g  to  E n tz  Sr. (1884). He w as fo llow ed  by  K ofo id  
& C am p b e ll (1929). T h e  ty p ica l a p p ea ran c e  o f  T. b ero i­
dea  S te in  em . E n tz  S r. em . Jö rg e n se n  (cy lin d rica l lo rica  
ab ove  co n ica l a b o ra l end) is show n  by 60-70%  o f o u r 
specim ens.

3. A lso the  T. bero idea  figu res o f  D a d ay  (1887) a re  im ­
pressive by  th e ir  v a riab ility . Besides th e  species th is 
a u th o r  d istin g u ish ed  the  v a r ie t ie s -a c u m in a ta ,-p la g io ­
s to m a  a n d - com pressa . H is d esc rip tio n  o f  species an d  
varie ties strik in g ly  ag rees w ith  o u r  figures. D a d a y ’s spe­
cies (PI. 19, fig. 2, 14) covers o u r  a b o ra lly  ro u n d e d  speci­
m ens: figs. 2b, 2c an d  3c (K ofo id  & C am p b e ll, 1929: T. 
ro tu n d a ta .  Jö rg en sen ). D a d a y ’s va r. a c u m in a ta  (P I. 19, 
fig. 4 )  is iden tica l w ith  th e  type (K o fo id  & C am p b e ll, 
1929, p. 28). S o m e o f  o u r  specim ens resem ble  D a d a y ’s 
va r. p la g io s to m a  (PI. 19. fig. 3), th o u g h  he is g iv ing  a 
second  figure  to o  (PI. 19, fig. 6) sh ow ing  a m u ch  w ider 
m o u th . K ofo id  & C am p b e ll (1929) ra ise  th is v a rie ty  to  
species, b u t no tice  th a t  th is  fo rm  is p e rh ap s  on ly  a f la t­
ten ed  T. bero idea  S te in . T h is fo rm  w as a lso  figu red  by 
E n tz  S r (1884, pi. 24, fig. 1). T h e  var. co m p ressa  D a d ay  
finally  (PI. 19, fig. 7-9), ra ised  a lso  to  species by  K ofo id  & 
C am p b e ll (1929), is ro u n d e d  a b o ra lly  a n d  show s a  slight

/ . a b e d

4 e  f g h
Fig. 4. Tintinnopsis beroidea Stein (4a. b, c, d, f, g from Lake 
Veere. loc. 6, 7; 4e from coastal seawater, loc. 15; 4h from Inlaag 
1953, loc. 13).

f
5a  b c

Fig. 5. Tintinnopsis beroidea Stein (5a from Lake Veere, loc. 7; 
5b from the Eastern Scheldt, loc. 11:5c from the Western Scheldt, 
loc. 3).

n u ch a l c o n str ic tio n , acco rd in g  to  o u r  figu res 2e a n d  3d. 
T h is la tte r  fo rm  resem bles T. lo h m a n n i  L aack m an  
(1908) w hich  K ofo id  &  C am p b e ll (1929) co n sid ered  to  be 
based  o n  in co m p le te  lo ricae  an d  w as synon im ized  by 
these  a u th o rs  w ith  T. su b a cu ta  Jö rg e n se n  (= T. lo b ia n ­
co i  D ad ay , see p. 107).

D a d ay  rig h tly  decided  to  a  g rea t v a riab ility  o f T. b ero i­
dea. H e h a d  th e  d isp o sa l o f  a  very rich  m ate ria l fro m  the 
M e d ite rran e a n  (G u lf o f  N apels), sam p led  d u rin g  8 
m o n th s . P e rh a p s  he  was im pressed  (as th e  p resen t 
a u th o rs )  by  th e  n early  c o n s ta n t o ra l d iam e te r  (45-50/2) o f 
m o st o f  his specim ens (on ly  fo r  h is species he  m en tio n s 
low er values: 27-45/2). O u r sam ples to o  co n sisted  o f  dense 
susp en sio n s o f  T. beroidea. Su ch  sam ples a re  very  sui­
tab le  to  estab lish  specific v a riab ility  ranges.

Jö rg e n se n  (1912) used  B ra n d t’s (1906) fig. 5, pi. 16 
(iden tified  by  B ra n d t a s  T. b ero idea  S te in ) to  describe  T. 
p a rvu la .  T h is fo rm  w as sm alle r an d  m o re  slen d er th a n  T. 
beroidea. T he m ain  d ifference  fro m  th e  la t te r  w as the 
sligh tly  co n str ic ted  o ra l p a r t  o f  th e  lo rica . T h e  bow l is 
w idest in its m iddle  p a r t. T h e  co n ica l a b o ra l p o rtio n  is 
b lu n tly  p o in te d , w ith  a n  ang le  o f  ± 6 o ° , see fig. 5. 
D im ensions: o ra l d iam ete r: 18-26/2; m ax im u m  w id th : 
24-32/2; leng th : 49-65/2. B ra n d t (1906) m easu red  a n  o ra l 
d iam e te r  o f  24/2, v. B reem en (1905): id em  24-28/2; M eu ­
n ier (1929, fig. 28, pi. 22, id en tified  as T. b ero idea)  idem : 
14-20/2; S ch u lz  (1965): idem  21-22/2. K o fo id  & C am p b e ll 
(1929) u n ited  T. f u s u s  M eu n ie r w ith  T. p a rvu la . T. p a r ­
vula  occu rs  in th e  B altic, a lo n g  th e  n o rw eg ian  c o as t, in 
th e  so u th e rn  N o r th  S ea  a n d  a d ja ce n t sea -a rm s an d  e s tu ­
aries a n d  in p o ly h alin e  in lan d  w a ters  (L ak e  V eere).

So fa r, s e p a ra tio n  o f  T. p a rv u la  f ro m  T. bero idea  
seem s ju stified . R o sso lim o  (1926) how ever, figured 
tw en ty  so m ew h at la rg e r specim ens o f  a  species fro m  the 

o  K ara  Sea assigned  to  T. beroidea, th e  o ra l d ia m e te r  v a ry ­
ing fro m  31-38/2 an d  show ing  p a rtly  T. p a rv u la  shape: see 
fig. 6 (derived  fro m  R osso lim o). T hese  figu res d e m o n ­
s tra te  conv inc ing ly  a  series o f  t ra n s it io n a l stages betw een  
T. p a rvu la  an d  T. beroidea. W e have  to  co n clu d e , th e re ­
fo re , th a t  T. p a rv u la  c a n n o t be m a in ta in ed  a s  a  d istin c t 
species.
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Fig. 6. T. beroidea Stein, after Rossolim o (1926).
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Fig. 8. Tintinnopsis beroidea Stein (8a from Lake Veere, loc. 6, 
8bfrom Schelphoek ,loc. 14, 8c from the Eastern Scheldt, lo c .12).

So m etim es th e  p a rv u la -fo n tis  a re  c learly  ta p e r in g  to  
th e  a b o ra l end (fig. 7a) an d  th en  a p p ro a c h  T. rapa  M e u ­
nier. T h is la tte r  fo rm , b e in g  o n ly  sligh tly  n a rro w e r  (fig. 
7b), th u s  m ay  fa ll w ith in  th e  bero id ea -p a rvu la  series to o .

F ina lly , we p u t to g e th e r all very sm all cy lin d rica l lo ri­
cae, h av in g  a n  o ra l d iam e te r  o f  ± 15p (H o fk e r , 1922, fig. 
81; van  B reem en, 1905, fig. 16; L o h m a n n , 1908, fig. 12, 
PI. 17; M eu n ier, 1919, fig. 21, PI. 22), a n d  show ing  a  
sligh tly  p o in te d  a b o ra l end , as T. nan a  L o h m a n n . O u r 
sm allest spec im en  even m easu red  8 p , o ra l d ia m e te r  (fig. 
8b). T. m in u ta  W ailes (fig. 8a) d iffers fro m  th is  species 
o n ly  in re la tio n  to  leng th  an d  the  sh o rte r  an d  m o re  ro u n ­
ded a b o ra l end . T hese c h a ra c te rs , a g a in , a p p e a r  very 
v a riab le  a n d  th e re fo re  a re  in su ffic ien t to  m a in ta in  T. 
m in u ta  as a  d is tin c t species. K ofo id  &  C am p b e ll (1929) 
a lread y  id en tified  T. fis tu la r is  M eu n ie r as T. nana . C lea r 
sep a ra tio n  how ever o f  T. nan a  fro m  larg e r species, n o ta ­
bly T. beroidea, is n o t poss ib le , b ecause  n o t o n ly  T. nana  
has a -b e ro id e a  sh ap e , b u t a lso  th ere  is a  g ra d u a l t ra n s i­
tio n  o f  - n a n a - to - b e r o id e a - d \m e n s io n s .  Sm allest 
b ero id ea - lo ricae  m ay  show  o ra l d iam e te rs  be low  20p; 
th u s , the  b o u n d a ry  be tw een  T. bero idea  a n d  T. n a n a  is 
q u ite  a rb itra ry . W e n am ed  th e  spec im en  o f  fig. 8c T. nana  
ow ing  to  its e lo n g a ted  co n ica l a b o ra l en d , b u t  we m igh t 
c lassify  th is fo rm  as well as T. b ero idea  in  view  o f  th e  high 
degree  o f  v a riab ility  o f  the  sh ap e  o f  th e  a b o ra l  end  o f the 
la tte r  species.

O n  th e  o th e r  h a n d  it seem s reaso n ab le  to  su p p o se  th a t 
th e  m in u te  fo rm s, a lth o u g h  - b e r o id e a - like  in  a p p e a ra n ­
ce, a re  in fact n o t T. beroidea. B ut th e  ev idence  c a n n o t be 
given on th e  basis o f  d ifferences in  lo rica  s tru c tu re  an d  -  
d im ensions. C u ltu re  ex p erim en ts  a n d  su b seq u en t inves-

o-4-
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Fig. 7. Tintinnopsis beroidea Stein (7a from the Eastern Scheldt, 
loc. io , 7b from Lake Veere, loc. 7).

tig a tio n  o f  th e  p ro to z o a n  cells m ay  reveal ev en tu a l real 
d ifferences be tw een  n a n a - a n d  b ero idea-fo rm s.

c. T. ca m p a n u la  (E hrbg .) D a d a y  (fig. Ça-g)
T h e  v a riab ility  o f  th is c o m m o n  species is very  larg e  as 
w as d e m o n s tra te d  by  H o fk e r (1931). T h is a u th o r  in ­
cludes the  fo llow ing  fo rm s in to  T. ca m p a n u la : T. b u tsc h ­
lii D a d ay , T. c incta  (C lap  & L ach m .) D a d ay , T. cya th u s  
D ad ay , T. e longa ta  D ad ay , T. in fu n d ib u lu m  D ad ay , T. 
lin d en i  D a d ay  an d  T. urn iger  (E n tz  S r) D ad ay . A ll these 
species w ere co llected  to g e th e r in th e  B ay o f  N ap les. A lso 
Jö rg e n se n  (1899, 1927) iden tified  T. b u tsch lii, T. c incta  
a n d  T. cya thus, o ccu rrin g  in th e  N o r th  Sea a n d  th e  B altic, 
w ith  T. cam panu la . A lread y  v an  B reem en (1905) d ea lt 
w ith  a  T. ca m p a n u la  - c in c ta -  b u ts c h l i i - series. M arsh a ll 
(1969) su p p o sed  th a t T. m a jo r  M eu n ie r (A rc tic , N o r­
w egian  S ea , B altic) to o  m ay b e lo n g  to  th is g ro u p . We 
agree w ith  these a u th o rs  an d  refer to  H o fk e r (1931) fo r 
am p le  a rg u m e n ta tio n . T. ecauda ta  K ofo id  & C am p b e ll 
(N o rw eg ian  Sea) w as a lread y  described  by B ra n d t (1906) 
as T. ca m p a n u la  var. a.

E xcep t th e  c h a ra c te r is tic -c a m /> a « « /a - fo rm s  (fig. 9a- 
c), we fo u n d - m a j o r - (fig. 9d-e) a n d - b u ts c h l i i - (fig. 9!) 
-sp e c im en s . F ig . 9g rep resen ts  a  d e v e lo p m en ta l stage of 
a ch ara c te ris tic  cam panu la . T he lo rica  o f  th e  typ ica l 
fo rm  is c am p an u la te  a n d  p ro v id ed  w ith  a  w idely flarin g  
m o u th  a n d  a s to u t pedicel (fig. 9a-c). E ven  th is  c h a ra c ­
te ristic  fo rm  show s a  large  v a riab ility , as d e m o n s tra te d  
by a  series o f  figures f ro m  B ran d t (1906). T h e  bow l is en ­
larg ing  g ra d u a lly  to  th e  o ra l p a rt. T he o ra l reg io n  m ay  
show  a m o re  o r less c lear a n n u la tio n  (fig. 9d). T h e  e n ­
c ru s ta tio n  w ith  p a rtic les  m ay be dense  a n d  ra th e r  reg u la r 
(fig. 9a) o r  m ain ly  lim ited  to  th e  a b o ra l p a r t  w ith  pedicel 
(fig. 9b, c, g). M a jo r -a n d  b ü ts c h li i - ïo r m s  d e m o n ­
s tra ted  sparse  a n d  irreg u la r  e n c ru s ta tio n  (fig. 9d-f). 
T ran s itio n  be tw een  bow l a n d  pedicel m ay  p ro ceed  g ra ­
d u a lly  (fig. 9a) o r  a b ru p tly  (fig. 9b). Ped ice l ru n s  m ostly  
s tra ig h t b u t som etim es show s to rs io n  (B ra n d t, 1906; 
M eu n ier, 1919). S pecim ens w ith o u t ped icel m ay  be
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9d e f g
Fig. 9. Tintinnopsis campanula (Ehrbg) Daday (9a, e, f, g from  
the Western Scheldt, loc. 4, 2, i; 9b, c, d, from the Eastern 
Scheldt, loc. 8 ,9 ).

evenly ro u n d e d  a b o ra lly  ( b u ts c h li i - fo rm s, fig. 9 f; 
cya th u s-fo rm s) o r a n g u la r  (m a jo r-io rm s,  fig. 9d, e; 
c inc ta -fo rm s). B u tsch lii-fo rm s have  a  m o re  flarin g  
m o u th  th a n  c y a th u s -fo rm s; t w i a - f o r m s  a re  nearly  
cy lin d rica l th ro u g h o u t th e ir  leng th . F o r  figures o f  
cya th u s-  a n d  c inc ta -fo rm s: see M a rsh a ll (1969). T h ere ­
fo re  d iag n o s is  o f  T. ca m p a n u la  c a n n o t b e  b ased  on  p re ­
sence o f  a  ped icel. H o fk e r (1931) gave a  sa tis fac to ry  
e x p la n a tio n  fo r  th e  o rig in  o f  fo rm s w ith o u t ped icel (see 
in tro d u c tio n ).

D im ensions: M a x im u m  o ra l d iam ete r: 70-88/1; d ia ­
m ete r ± h a lfw ay  th e  lo rica: 40-56/1; len g th  in c lud ing  
pedicel: 135-172/1; leng th  w ith o u t pedicel: 110-130/1.

O ccu rran ce : N o r th  S ea , B altic, M e d ite ran e a n  Sea, 
A tlan tic  O cean  (Jö rg e n se n , 1927; H o fk e r, 1931 ; M a r­
shall, 1969). In  th e  W este rn  S ch e ld t e s tu a ry  th e  species is 
co m m o n ly  fo u n d  th ro u g h o u t the  p o ly h alin e  a n d  w ith in  
th e  a -m e s o h a lin e  zone, d ecreas in g  ra p id ly  in  the  
b ra ck ish  w a ter. T hese  d a ta  a re  in ag reem en t w ith  th o se  o f 
H o fk e r (1922, 1931) a n d  van  B reem en (1905), trac in g  the  
species in  th e  n o rth e rn , m o re  sa line  p a r ts  o f  th e  fo rm er 
Z u iderzee  on ly  (n o t be low  8%c, C I’) a n d  w ith  th o se  of 
Schulz  (1965) o f  th e  E lbe es tu a ry . T. ca m p a n u la  is a  su m ­
m er fo rm : m ax im u m  a b u n d a n c e  o c cu rrin g  d u rin g  the  
p e rio d  o f  Ju ly  to  O c to b e r (30-40 /I, sa lin ity  i4 ,3 - i7 ,2 % o  
C l’). W e co u ld  n o t  yet d e m o n s tra te  the  species in  L ake  
V eere, th o u g h  ch lo rin ity  in  su m m er m ay  rise fro m  io  to  
i4% o.

d. T. cylindrica  D a d a y  (fig. io )
A cco rd in g  to  K ofo id  &  C am p b e ll (1929) w e b ase  the  
id en tific a tio n  o f  th is  species on  th e  o rig in a l d e sc rip tio n  o f 
D a d a y ’s (1887) T. d a v id o ffi  var. cy lindrica  (D a d ay ), pi. 
19, fig. 24).

T. cylindrica  is ch a rac te rized  by a n  e lo n g a ted  lo rica , 
th e  a n te r io r  p a r t  b e in g  cy lind rica l fo r  75-80%  of th e  to ta l  
leng th . T h e  a b o ra l p a r t  n a rro w s to  a  s to u t ped icel, slihgtly  
va ry in g  in  leng th  a n d  w id th . T ran s itio n  o f  th e  cy lind rica l 
p a r t  o f  th e  lo rica  in to  th e  p ed icel p ro ceed s o ften  g rad u a lly  
b u t som etim es a b ru p tly . E n c ru s ta tio n  w ith  co arse  p a r ti­
cles is especially  seen in  th e  a b o ra l p a r t  a n d  pedicel. In  
L ak e  V eere th e  g re a te r  p a r t  o f  th e  lo rica  is co vered  w ith 
very sm all p a rtic les  (clay p a rtic le s  a n d  /¿-cells). T h e  o ra l 
d iam e te r  o f  o u r  specim ens is strik in g ly  c o n s ta n t in  tim e 
a n d  space, vary in g  on ly  be tw een  35-42, m o st lo ricae  m ea­
su red  36 d iam . L en g th  v a ried  fro m  120-223 U-

T h e  species occu rs  in  E as te rn  S ch e ld t, W es te rn  Scheld t 
an d  L ak e  V eere, p re fe rin g  sa lin ities h ig h er th a n  io % o  C 1’. 
H ighest n u m b ers  a re  reach ed  in  sum m er.

e. T. f im b r ia ta  M e u n ie r  (fig. 11 a-c)
T. f im b r ia ta  is a  very c h a rac te ris tic  species, sh ow ing  a 
c o m p ara tiv e ly  sligh t v a riab ility . B ra n d t (1906) fig u red  an  
u n d esc rib ed  species (figs. 5, 7, PI. 17 a n d  fig . io , PI. 18), 
d o u b tle ss  iden tica l w ith  T. f im b r ia ta  M e u n ie r (H o fk e r, 
1931). K o fo id  &  C am bell (1929) w ro n g ly  desc rib ed  th is 
fo rm  as a  new  species: T. m eunieri.

T h e  c am p an u la te  lo rica  n a rro w s in to  a  s tro n g  n u c h a l 
co n str ic tio n . T h e  m o u th  is fla rin g  to  n ea rly  th e  d iam e te r 
o f  the  bow l. T h e  o ra l rim  is c h arac te ris tica lly  ragged. 
T h e  a b o ra l end  is alw ays p o in te d  (fig. n a ) ,  som etim es 
very s to u tly  (fig. 11b), som etim es on ly  sligh ty  (fig. n c ) .  
L o rica  dense ly  en cru sted  w ith  co arse  p a rtic les , a  typ ica l

10a b
Fig. io. Tintinnopsis cylindrica Daday (10a from the Eastern 
Scheldt, loc. io; 10b from Lake Veere, loc. 7).
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Fig. i l .  Tintinnopsis fimbriata Meunier (from the Western 
Scheldt, loc. i ,  2, 3).

p h e n o m e n o n  fo r T in tin n o p s is  - sp e c ie s  o c cu rrin g  in tu r ­
b u len t e s tu a rin e  tid a l w a ters  w ith  h igh  su sp en d ed  m a tte r  
co n ten ts .

D im ensions: o ra l d iam e te r: 44-68/u; m a x im u m  w id th  
o f  th e  bow l: 48-68/u; leng th  56-88/u. A verage va lues show  
th e  ten d en cy  o f  d ecreas in g  d im en sio n s w hen  w a te r  tem ­
p e ra tu re  is rising. D u rin g  Ju ly  1974, w a te r tem p . 17,7- 
19,2 °C , av erage  d im en sio n s w ere (36 specim ens): o ra l 

d iam ete r: 55/2; m ax im u m  w id th : 61/2; leng th : 74^2. A fte r 
a  m o n th , A u g u st 1974, w a te r  tem p . 19,5-20,4° C , average  
values w ere (57 specim ens): o ra l d iam e te r: 52,5/2: m a x i­
m u m  w id th : 58/2; leng th : 71.5/2.

O b serv a tio n s  o f  H o fk e r (1931), in d ica tin g  th a t  speci­
m ens grew  lo n g er w hen  sa lin ity  in creased  w ere n o t c o n ­
firm ed  by o u r  d a ta . M easu rem en ts  o f 57 specim ens 
fro m  3 s ta tio n s  w ith  d iffe ren t c h lo rin itie s  (7,6; 10,6; 
12,2% o) resu lted  in a  n ea rly  c o n s ta n t ra tio  o f  leng th  to  
m ax im u m  w id th  (1,25; 1,26; 1,23 respectively).

H o fk e r (1931 ) s ta ted  th a t  T. ba ltica  B ra n d t m ay  be 
iden tica l w ith  T. fim b r ia ta .  A fter o u r  o p in io n  th is is n o t 
ju stified : see p. 102.

M eu n ier (1919) desc rib ed  th e  species f ro m  b rack ish  in ­
land  w aters  in B elgium , o c cu rrin g  a b u n d a n tly  there . In 
c o as ta l w a ters  on  th e  o th e r  h a n d  he fo u n d  the  species 
sparse ly , in ag reem en t w ith  H o fk e r (1922) a n d  w ith  o u r 
o b se rv a tio n s. W e fo u n d  in c id en ta l T. f im b r ia ta  in the  
p o ly h alin e  zone  o f  th e  W este rn  S ch e ld t e stu ary . W e d id  
n o t observe  th e  species in  th e  e u -p o ly h a lin e  E aste rn  
S cheld t. B ra n d t (1906) fo u n d  th e  species in  th e  K iel Bay 
an d  th e  K aiser W ilhe lm  C an al. T. f im b r ia ta  p ro v es to  be 
a c h a ra c te r  species o f  th e  (m ix o ) m eso h alin e  zone  o f  th e  
W este rn  Sch e ld t e s tu a ry  d u rin g  su m m er (B ak k er &  De 
P au w , 1975). T h e  species o ccu rred  a b u n d a n tly  to o  in  the  
so u th  w este rn  (m esohaline) p a r t  o f th e  fo rm er Z uiderzee  
(H o fk e r, 1922; 1931). A cco rd in g  to  S chu lz  (1961; 1965) 
th e  species lives in the  E lbe es tu a ry  to o , b u t  n o t  in g rea t 
nu m b ers .

f .  T. lo b ia n co i D ad a y  (figs. 12 a-d, I 3)

A cco rd in g  to  th e  o rig in a l d e sc rip tio n  o f  D a d a y  (1887), 
T. lo b ia n co i  is a  cy lin d rica l, e lo n g a ted  species o f  large  
leng th  (270 ju) a b o ra lly  evenly  ro u n d e d  a n d  sh ow ing  an  
o ra l d iam e te r s im ilar to  th a t  o f  th e  lo rica: 45/2. M o st d a ta  
agree  in  re la tio n  to  th e  w id th  o f th e  o ra l d iam e te r . A  large 
m ate ria l fro m  th e  B altic  (G u lf  o f  F in lan d )  w as th o ro u g h ­
ly investiga ted  by  H alm e & L u k k a rin en  ( i9 6 0 ). T hey  
estab lish ed  a ran g e  o f  30-55 ß  o ra l d iam e te r , 90%  o f the  
lo ricae  ho w ev er fa lling  w ith in  a  ran g e  o f  35-45 p . Som e 
o th e r  d a ta : B ra n d t (1906): 40-50 p ; B iern ack a  (1948): 46- 
50 72; v an  B reem en (1905): 45 ju; M eu n ie r (1910): 36-40 p; 
ow n m easu rem en ts; 37-47 ß . L en g th  varies fro m  30-300 
¿2, (H a lm e  & L u k k arin en ); 220-390 ß  (B ra n d t); 156-170 ß  
(van  B reem en); 100-140 ß  (M eu n ier); ow n m easu re ­
m ents: 144-210 ß .

T he species show s a large  v a riab ility . Jö rg e n se n  (1927) 
co n sid ered  T. lo b ia n co i D a d ay  a n d  T. tu b u lo sa  L ev an d er 
d is tin c t species, T. tu b u lo sa  d iffering  fro m  T. lo b ianco i 
by a n n u la tio n  a n d  a b o ra l w iden ing  o f th e  lo rica . M erkle  
(1909) how ever, gave a  figure  o f  T. lo b ia n co i  w ith  very 
c lear a n n u la tio n . N o tab ly  H a lm e  & L u k k a rin e n  d e m o n ­
s tra te d  co n v inc ing ly  th a t  tu b u lo sa -  a n d  lob ianco i-  
a p p ea ran c e  o ccu rred  in th e  sam e m ate ria l, sh ow ing  all 
possib le  in te rg rad a tio n s . In th e ir  sam ples a b o u t  a  th ird  o f 
a ll specim ens show ed lobiancoi-appea.ra.nce, th e  re m a in ­
d e r  d e m o n s tra tin g  a ll a  m o re  o r  less en la rg ed  a b o ra l p a rt, 
o ften  slightly  p o in ted , resem bling  the  tu b u lo sa  fo rm . 
O u r m a te ria l (fig. 12 a-d ) w as never tu b u lo sa -\ik e .  S o  fa r 
as we e n co u n te red  specim ens w ith  w idened  a b o ra l  end  of 
the  lo rica , we h ad  to  assign these  fo rm s to  T. bero idea  
S te in  (see fig. 2a, e; 3a, d , e). W e never fo u n d  T. lo b ianco i 
in g re a t a b u n d an c e  a n d  so we co u ld  n o t  c o m p o se  a  series 
o f  th is species c o m p a rab le  w ith  th a t  o f  H a lm e  an d  L u k ­
k arin en . In fig. 13, de riv ed  fro m  these  a u th o rs , we choose  
13 specim ens o f  th e ir  series o f  100 re p re sen tin g  several

12a b e d
Fig. 12. Tintinnopsis lobiancoi Daday (12a from the Western 
Scheldt, loc. 5; 12b from the Eastern Scheldt, loc. 11; i2c ,d from  
coastal seawater, loc. 15).
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Fig. 13. Tintinnopsis lobiancoi Daday, after Halme . 
rinen (i960).

Lukka-

d ev e lo p m en ta l a n d  a d u lt stages o f  T. lo b ianco i. T hey 
co n sid e r the  fo llow ing  species b e lo n g in g  to  th e  lo b ianco i-  
series: T. tu b u lo sa  L ev an d er, T. kara jacensis  B ra n d t, T. 
su b a cu ta  Jö rg e n se n , T. tu b u lo so id e s  M eu n ie r, T. p is t il ­
lu m  K ofo id  & C am p b e ll, T. ro tu n d a ta  Jo rg e n se n , T. lata  
M eu n ie r, T. strigosa  M eu n ier, T. tu rb o  M eu n ie r , T. b a lti­
ca B ran d t. A fte r o u r  o p in io n  T. tu rb o  a n d  T. b a ltica  a re  
well de fin ed  species (see p . 108 a n d  102) n o t  to  be confused  
w ith  d ev e lo p m en ta l stàges o f  T. lob iancoi, a lth o u g h  re ­
sem bling  these  stages. T. strigosa  m ay  be iden tica l w ith  
T. ba ltica  (Jo rg en sen , 1927; see p. 103). A s to  th e  re m a in ­
d e r o f  th e  a b o v e  m en tio n ed  species, we ag ree  w ith  H a lm e  
& L u k k arin en . B ra n d t (1906) a lre ad y  s ta te d  th a t  h is T. k a ­
rajacensis  on ly  d iffered  fro m  T. lo b ia n co i  in re la to n  to  its 
sm alle r d im en sio n s. T. m a cro p u s  M eu n ie r  an d  T. lo h ­
m a n n i  L aa ck m a n  a p p e a r  to  b e lo n g  to  th is series too : 
K ofo id  & C am p b e ll (1929) ran g ed  these  fo rm s a lread y  
u n d e r T. su b a cu ta  Jo rg en sen . F in a lly , th e  series has to 
be  classified  as T. lo b ia n co i  D ad ay , th is species nam e 
h av in g  p rio rity , a n d  n o t a s  T. tu b u lo sa  L ev a n d e r as H a l­
m e & L u k k a rin en  in co rrec tly  d id .

In  o u r  a rea  th e  species occurs in h ig h -sa lin ity  w aters 
an d  in  th e  p o ly h alin e  es tu a rin e  zone. P e n e tra tio n  in to  the  
m esohaline  zone, ho w ev er, is possib le .

g. T. tu rb o  M e u n ie r  (fig. 14 a-f)
T he lo rica  show s m ax im u m  w id th  in  its m idd le  o r  u p p e r 
p a r t  a n d  n a rro w s (som etim es ab ru p tly : fig. io  a , b) to  th e  
o ra l p o r tio n  co n sistin g  o f  a  sh o rt cy lin d rica l co lla r. T he 
co n ica l a b o ra l end is ro u n d ed  o r  b lu n tly  p o in te d . T he 
house , is s tro n g ly  en cru sted  w ith  large  partic les.

T he o rig in a l d esc rip tio n  o f  M eu n ie r ( 1919) is ra th e r  in ­

com p le te  an d  h as been  based  o n  a  few  specim ens. T he 
sh a rp ly  p o in ted  a b o ra l end  in  his figu re  (fig. 27, pi. 22) has 
n o t been  o bserved  by any  a u th o r . B ra n d t ( 1906) described  
an d  figu red  (fig. 3 pi. 16) a  fo rm  as T. nucu la  Fol?, w hich 
was iden tified  by  K ofo id  & C am p b e ll (1929) a s  T. turbo. 
T h is fo rm  show s a  som ew hat m ore sw ollen  a p p ea ran ce  
th a n  M eu n ie r’s species. S ch u lz ’s (1965) m ic ro p h o to g ra p h  
o f  T. tu rb o  (fig. 4, pi. 2) is ch a rac te rized  by  a  con ical 
a b o ra l p a r t  w ith  a lm o st s tra ig h t c o n to u rs  resem b lin g  o u r 
fig. 9 f. S chu lz  h ad  th e  o p p o rtu n ity , to  s tu d y  a  large 
m ate ria l as well as we had .

D im ensions: o ra l d iam ete r: 29-40 p., average  35 p\ 
m ax im u m  w id th : 45-54 p ,  av erage  48 p; len g th  64-81 p , 
av erag e  69 p . S chu lz  (1965) m easu red  an  average  o ra l 
d iam e te r  o f  33 p ,  m ax im u m  w id th  o f  51 p ,  a n d  leng th  of
66 p.

H o fk e r (1922) iden tified  a m u ch  la rg e r species fro m  
th e  fo rm er b rack ish  Z u iderzee  (o ra l d iam e te r: 55-60 p',

Fig. 14. Tintinnopsis turbo Meunier (from the Western Scheldt, 
loc. 3).
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m ax im u m  w id th : 70-78 /r; length: 100-115 m) as T. tu rb o  
an d  la te r ( i9 3 1 ) a s  T. lo h m a n n i  L aa ck m a n n  (sy n o n im i­
zed by  K ofo id  &  C am p b e ll, 1929, w ith  T. su b a cu ta  J ö r ­
gensen  = T. lo b ia n co i  D a d ay  acco rd in g  to  H a lm e  & L u k ­
k a rin en , i960). T he sh ap e  o f th e  lo rica  rep re sen ted  by 
H o fk e r’s ( 1931 ) fig. 12 b , ho w ev er, a p p ro a c h e s  M eu n ie r’s 
(1919) d e sc rip tio n  an d  n o t L a a c k m a n ’s (1906).

Fig. 12a, o n  th e  o th e r  h a n d , show s a n  e lo n g a ted  o ral 
p a r t  w ith  so m ew h at in creas in g  d iam e te r o f  the  o ra l rim  
and  c a n n o t be c lassified , in o u r  o p in io n , as T. tu rbo . H o f­
k e r’s ( 19 3 1 ) fig. 13, finally , resem bles to  som e e x te n t o u r  
fig. 9 f a n d  S ch u lz ’ (1965) fig. 4, pi. 2.

W e n o ted  a lre ad y  (p. 11) th a t H a lm e  & L u k k arin en  
( i9 6 0 ) synon im ized  n u m ero u s  species w ith  T. lo b ia n co i 
D ad ay , a .o . T. turbo .

E x am in in g  th e ir  figures we feei th a t  th e  sm allest speci­
m ens m ay  lo o k  tu rb o - like (see o u r  fig. 13), b u t in fac t a re  
d ev e lo p m en ta l stages w ith  inco m p le te  lo ricae  a n d  th u s 
T. tu rb o  m u st n o t be iden tified  w ith  these  fo rm s.

T. tu rb o  is a  c h a ra c te r  species o f  the  o lig o h a lin e  
(Schulz, 1965), an d  th e  m eso h alin e  zone  (B a k k e r & D e 
P auw , 1975) o f  the  e stu a ries  o f  E lbe a n d  W este rn  Scheld t 
resp . T he species occurs th ro u g h o u t the  y ear, d e m o n ­
s tra tin g  peak s in sp rin g  an d  sum m er.

Discussion

E vidently  th e  w ay o f  d ev elo p m en t o f  th e  lo rica  m ay  d if­
fe r s tro n g ly , a cco rd in g  to  th e  d e v e lo p m en ta l phase  
d u rin g  w hich  th e  a n im a l h as b u ilt its lo rica  a n d  a lso  
acco rd in g  to  the  p rev ailin g  e n v iro n m en ta l co n d itio n s  
(see in tro d u c tio n ). In th is  w ay th e  larg e  p h e n o ty p ic  v a ri­
ab ility  o f  the  lo rica  o f  one  species in th e  sam e sam ple  is 
e stab lished . T he im p o rta n t o b se rv a tio n s  o f  H o fk e r 
( 1931 ) h ave s tro n g ly  c o n tr ib u ted  to  a  b e tte r  u n d e r­
stan d in g  o f th e  possib le  causes o f  lo rica  v a riab ility . It is 
reaso n ab le  to  su p p o se  th a t  p a r ticu la r ly  c o a s ta l  seaw ater 
a n d  b rack ish  in lan d  w aters  o ffe r goo d  o p p o rtu n itie s  fo r 
th e  d ev elo p m en t o f  g rea t v a ria tio n  in  T in tin n id  species, 
ow ing  to  th e  s tro n g  flu c tu a tio n s  o ccu rrin g  in the  ch em i­
cal an d  p h y sical e n v iro n m en t an d  to  th e  p resence  o f 
e stu a rin e  g ra d ie n t s itu a tio n s . T h ere fo re  it is n o t ju stified  
to  use th e  te rm  ‘F o rm e n k re is ’ in th is case. A ‘F o rm e n - 
k re is’ is defined  (M a y r, 1965) as a n  ag g reg a te  o f  geo­
g rap h ica lly  rep re sen ta tiv e  (a llo p a tric ) species a n d  su b ­
species. In his d iscussion  a b o u t po ly ty p ic  species (= F o r ­
m enkre ise) M ayr, c itin g  D ö d erle in  (1902) a n d  T o rto n e se  
(1950) a rg u es th a t  m o st m arin e  an im a ls  ind eed  sh o u ld  be

u n ited  in to  co m p reh en siv e  p o ly typ ic  species, b u t th a t 
som etim es th e  subspec ies a re  m erely  in d iv id u a l v a ri­
a n ts . B ran d t (1896) co m p ared  T in tin n o p s is  lo ricae  fro m  
d iffe ren t g eo g rap h ica l reg ions, d esc rib in g  re la ted  fo rm s 
as d is tin c t species b u t u n itin g  these species in to  ‘F o rm e n - 
k re ise’. W ith o u t ex c lu d in g  the  po ss ib ility  o f  geo g rap h ic  
v a riab ility  in T in tin n o p s is  species, we sh o u ld  like to  a t ­
tach  th e  g rea tes t im p o rta n ce  to  in d iv id u a l v a r ia tio n  here 
to o .

O f co u rse  we have to  co n sid e r th e  possib le  occurrence  
o f  lo rica  v a riab ility  o n  a  genetic  base. E n v iro n m en ta l 
changes d u rin g  la te  stages o f co n ju g a tio n  cau sed  p e rm a ­
nen t m o rp h o lo g ica l changes o f  P a ram aecium  spec. (Jo l- 
los, fro m  K udo , 1966). R e co m b in a tio n  o f  n u c le a r  m a te ­
rials m ig h t be effected  in  such  a  w ay th a t  th e  gen o ty p e  is 
a lte red  (K udo).

F ina lly  we m ay  m en tio n  ev en tu a l h y b rid iz a tio n  as a 
cause o f  p h e n o ty p ic  v a riab ility . W e m ade  a single o b se r­
v a tio n  o f a  possib le  co n ju g a tio n  o f  T in tin n o p s is  cylin ­
drica  an d  T. bero idea  (fig. 15). W e co u ld  n o t d e m o n ­
s tra te , how ever, th a t  co n ju g a tio n  really  h a d  ta k e n  place, 
a n d , if so, th a t  the  h y b rid es m igh t p ro v e  v iab le . K u d o  
(1966), d iscussing  ex p erim en ts  to  realize c o n ju g a tio n  b e ­
tw een  d iffe ren t species o f P aram aecium , s ta te s  th a t spe­
cies o f  th is genus a re  in co m p a tib le  w ith  one  o th er.

T h u s  in d iv id u a l p h en o ty p ic  v a riab ility , geo g rap h ic  
va riab ility  a n d  gen o ty p ic  changes o f  th e  p ro to z o a n  cell 
m ay a ll be responsib le  fo r  the  large v a ria b ility  in lo rica  
shape . H ow ever, d ifferences in lo rica  sh ap e  sh o u ld  n o t 
p rim arily  be re la ted  to  (sub) specific (g eno typ ic) d iffe r­
ences betw een  th e  T in tin n id  cells. In d iv id u a l p h en o ty p ic  
v a ria tio n  ev iden tly  p lays a n  all im p o r ta n t ro le  in local 
p o p u la tio n s . T h ere fo re  it is n o t ju stified  in o u r  o p in io n , 
to  describe  new  species f ro m  a m ate ria l c o n sis tin g  o f  only 
one  o r  a  few  specim ens, as M eu n ier (1910, 1919) d id . 
K ofo id  &  C am p b e ll (1929) ignore  th is a sp ec t in  th e ir  c o n ­

15
Fig. 15. Tintinnopsis cylindrica Daday and T. beroidea Stein: 
conjugation? (from the Western Scheldt, loc. 4).
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sp ec tu s a n d  co n seq u en tly  have  n o t  e scaped  to  u n accep ­
tab le  sp littin g  o f  species; m an y  in ad e q u a te ly  k n o w n  
fo rm s o r  d iffe ren t fo rm s fro m  a  c o h e re n t g ro u p  have 
been  ra ised  to  species.

S tu d y in g  sep a ra te  specim ens fro m  o u r  (figs. 2 a n d  3) 
an d  R o sso lim o ’s (fig. 6) b ero idea  m a te ria l, o n e  m ay  
id en tify  these  fo rm s easily  w ith  d iffe ren t d e sc rib ed  spe­
cies. T h e  a sp e c t o f  in d iv id u a l v a r ia tio n  in b u ild in g  o f  th e  
lo rica  deserves fu ll a tte n tio n  o f  a ll w o rk e rs  o n  T in tin n id  
system atics . C lassifica tio n  has to  be  based  o n  in v estig a ­
tio n  o f  a  large m ate ria l. U ltim a te ly , p ro b lem s o f  lo rica  
d ev e lo p m en t a n d  sh ap e  m ay  d efin ite ly  be so lved by  cu l­
tu rin g . C o m b in a tio n  o f  field  in v estig a tio n s a n d  la b o ra ­
to ry  ex p erim en ts  w ou ld  a p p e a r  m o st fru itfu ll. R enew ed 
a tte n tio n  to  fu ll life cycles (C orliss, 1961) m ig h t lead  to  a  
base  fo r  rev ision  o f p re sen t-d ay  c lassifica tions.

Summary

T he species o f  th e  T in tin n id  genus T in tin n o p s is  S te in , 
o c cu rrin g  in  th e  c o as ta l w a ters  o f  th e  S W .-N eth e rla n d s , 
a re  figu red  a n d  d esc ribed . W e d e m o n s tra te d  a  large  v a ri­
ab ility  o f  several species in re la tio n  to  th e  sh ap e  o f  the  
lo rica. N early  a ll lo rica  ch a ra c te rs  a p p e a re d  to  v a ry  c o n ­
siderab ly , p a r tic u la r ly  th e  sh ap e  o f  th e  a b o ra l  p o r t io n  o f 
som e species (T . b ero idea  S te in ). T h e  o ra l d ia m e te r  o f 
th e  lo rica , o n  th e  o th e r  h a n d , v a ried  m u ch  less. T he 
m an y  fo rm s w ere classified  in to  7 species only : T. ba ltica  
B rand t, T. b ero idea  S te in , T. ca m p a n u la  (E h rb g ) D ad ay , 
T. cylindrica  D a d ay , T. f im b r ia ta  M eu n ie r, T. lo b ia n co i  
D ad ay , T. tu rb o  M eu n ier. L o ricae  o f  som e species 
d e m o n s tra te d  ex trem e  v a riab ility , n o tab ly  th o se  o f  T. 
beroidea. O th e rs  on  th e  c o n tra ry , a p p e a re d  ra th e r  c o n ­
s tan t: T. cylindrica , T. fim b r ia ta .  V ery s tro n g  in d iv id u a l 
v a ria tio n  w as d e m o n s tra te d  in  loca l p o p u la tio n s  (fig. 2 
an d  3). T h ere fo re  it is n o t ju s tified  to  desc rib e  new  species 
f ro m  sp arse  m ate ria l. F o r  desc rip tiv e  w o rk , especially  on  
n eritic  T in tin n id s , in v estig a tio n s o f  a  g re a t n u m b e r o f 
specim ens is a d v o ca ted .
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