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appointed in Lund. T h e  advantage of this is pointed out.
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F rom  this is sue  onwards ,  Botaniska  N o t ise r  will 
change in m a n y  respec ts  -  method  o f  print ing,  
layout and editorial routine.  T h e  scope ,  how ­
ever,  is to remain  the same: original research of  
international interest in plant ta xonom y,  
morphology  and related b ranches  o f  botany.

Regarding the length o f  papers  there is an 
upper  limit o f  32 printed pages.  Art icles 
exceed ing this  limit will not  be accep ted  but  may 
be considered  for publicat ion in the monograph 
series O p e ra  Botanica.

It has  not been cons idered appropria te  to 
in troduce  a sys tem permit t ing  a set num ber  of 
free pages,  with addit ional  pages  charged for. 
Even  a short  article can be w ordy  and an article 
may o f  necess i ty  be long though concisely 
wri tten (for example  a presen ta t ion o f  the results 
of  many y e a r s ’ work  on a revision).  Instead,  
r igorous s tandards  of  concentra t ion  will be 
im posed  for  all papers i rrespec tive o f  length. 
A u tho r s  with a tendency  to wordiness  will be 
held in by the Edi to r  and the referees in coope ra ­
tion.

CH ANGES

Printing m e th o d .  Bo tan iska N o t i s e r  is to be 
printed in offset  at Berlings, Lund ,  Sweden.  T h e  
method  cuts  down expenses  cons iderably  in

particular for  il lustrations. M oreover ,  in some 
instances correct ions of  drawings and diagrams 
can be made  without  making a new block as 
would have been necessary  in let terpress 
printing. Some special problems,  such as oblique 
lines in tables, are also easily solved.  H ow e ve r ,  
correct ions in the text  will be more expensive  
than before,  and authors  making al tera t ions in 
the proofs against  the final manuscr ip t  will be 
charged.

Typeface a n d  type area. The  main tex t  is set in 
9/10 pt T im es  (a typeface al lowing more  
character s  per line than that previously used). 
T he  co lumn width has been increased from 63 to 
68 mm (14 and 15 cic, respectively) , and there 
are two lines more  per column. This increase in 
type area  within an (almost) unchanged  format 
o f  168x235 mm,  toge ther with the change in 
typeface reduces  the number  of  pages to a given 
amount of  text  by  almost  20% .  H ow e ve r ,  since 
there are also il lustrat ions and blank space we 
es t imate that  the actual  reduction in the num ber  
of  pages for a whole volume of  Botaniska 
Not ise r  will be about  10%. This  will mean that 
an average volume will now comprise only about  
480 pages,  which ,  however ,  will p resen t  as much 
information as was previously given in 540 
pages.

With these changes  we shall ach ieve  at least
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almost  maxim um econom y of  space.  Within the 
frame im posed by the print ing method it is 
probably not possible to fu r ther  lower produc­
tion cos ts  significantly.

Blank pages .  In apparent  conflict with the 
principle o f  econom y of  space  blank left-hand 
pages after ar ticles with an odd number  of  pages 
are in troduced.  H ow ever ,  for  technical reasons ,  
this reduces  the  cost o f  reprints  considerably so 
tha t  we can still offer 100 reprints  of each article 
free o f  charge.  Fur the rm ore ,  s ince all papers will 
thus begin on a r ight-hand page,  reprints will 
automatical ly carry the a u th o r ’s name and the 
title o f  the paper  fully visible without  (expensive)  
printed covers .  It is, however ,  possible to obtain 
covers  at ex t ra  cost,  but  we feel they are som e­
what  out of  da te  and fill no obvious function.

Cover.  We have  found it appropriate to mark the 
revised  layout  and editorial routine with a new 
cover .  We hope  that the majority of  our readers 
will approve  of  this. In o rder  to preserve a 
certain con tinui ty  we have retained the typo­
graphy of  the name o f  the journal ,  and selected 
a co lour  s imilar  to that o f  earl ier  volumes.

Particulars

Since there are a fair num ber  of  less readily 
noticed changes  we ask you to go carefully 
through 1 nformation  to cont r ibuto rs  on the inside 
back cover.  T h e  most  impor tant  introductions 
are the following.

(1) M ake  the title o f  your  paper  as short as 
possible while still giving maxim um information. 
Avoid  start ing a series -  the function of  the serial 
name is much less important  than you may 
believe.  " A  new Euphrasia  species from S 
S w e d e n ” is much shor te r  than and jus t  as 
informative as “ Patterns o f  evolution within the 
genus  Euphrasia  L. (Scrophulariaceae) in 
Sweden.  1. A new species from southeastern 
S k å n e ” .

(2) T h e  headings can be even shorter .  A single 
key  word will often do -  regard the headings as 
a sort  o f  “ m acro  pu n c tu a t io n ” rather  than as 
“ micro a b s t r a c t s ” . F o r  preference use at the 
most  two grades  of  headings since an elaborate 
hiera rchy serves  to entangle the reader rather  
than to  guide him. Write all headings in lower 
case th roughout ,  and do not  underl ine them. The

intended h ie ra rchy  can be noted by means  of  
num bers  in the margin or  on a separate sheet  of  
paper.

(3) Avo id  making cross  references by page 
num ber  as these  necess i t ate resett ing of  the line. 
Th is  will be charged  for, and -  even worse  -  
e r rors  may also arise  on resett ing.  Refer instead 
to the headings in quest ion.

(4) Do no t underline n a m es  o f  persons.  F ro m  this 
issue on they will be set in lower case and should 
thus  not be marked  in any way.  If  they  are,  it 
may make som e re-typing necessary  and  this 
may delay publicat ion.

(5) S tudy  the lists o f  R e ferences  in this issue in 
detail. W e have made considerable  changes  to 
conform with international  pract ice.  T h i s  c o n ­
fo rm ance  will minimize editorial correc t ions  and 
simplify the compilat ion  of  reference lists for 
au thors  who also publish in other  journals .

(6) Supp lem en ta ry  material,  such as ex tens ive  
lists of  localit ies,  will not be printed (even if 
paid for  by the author)  unless the paper would be 
incomprehens ib le  without  it. It should preferably 
be deposited at an official insti tute referred to in 
the  article.

MANUSCRIPT ROUTINE

W hen  a manuscr ip t  has been received it will be 
acknowledged  at once.  The  manuscript  will also 
be immediately  sent  to a referee for examination.  
T h e re  are at presen t  38 referees,  all from the 
Scandinav ian count ries  to cut down postal 
delays.  T h e  maximum time set for  referee 
examinat ion is three weeks;  as a rule it takes  
much less t ime.  When  there is doubt  as to 
w hether  the manuscr ip t  should be accepted ,  or 
when the paper  is specialized in more  than one 
respec t ,  more  than one referee may be con ­
sulted.

When the referee has returned the manuscr ip t  
the Editor  will make  a close reading of  it. A list 
o f  reco m m en d ed  or  suggested al terat ions is set 
up. Th is  will often be fairly long, and may 
conta in  notes on punctuat ion  and missing 
references  as well as suggestions for  delet ions or 
addit ional  t r ea tm ent of  data.  Cons truc t ive  
crit icism will also be given in the case  of  m a n u ­
scripts tha t  are not accepted.
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If the al terat ions are few or  trivial the m a n u ­
script will then be submit ted  to a linguistic 
check  which is, for English,  free o f  charge to 
the au thor ;  otherwise ,  the manuscr ip t  will first 
be returned to the au thor  for revision.  Afte r  the 
linguistic revision the manuscr ip t  will be 
returned to the au thor  for check ing  and,  if 
necessary,  for re-typing.

In the result ing final version o f  the manuscr ip t  
no further  al terat ions will be made  by the 
editorial staff; af ter technical editing,  it will be 
handed over  to the printer.

This  routine may appea r  complica ted ,  but has 
been worked  out  to get the best  possible results 
with the least possible delay.  T h e  time lapse 
be tween receiving a manuscript  and its publica­
tion is fairly short  for Botaniska Noti ser .  In the 
case of  this issue the average time lapse is 
es t imated at less than five months.

Primari ly, however ,  the t ime taken  for  a 
manuscrip t  to pass through the editorial  routine 
depends  on the au thor  himself.  A manuscrip t  
that  is not in good order  initially, that  is, wordy,  
inconsistent  or  illogical, will probably progress  
slowly.  T h e  referee will keep it a long t ime,  and 
it will be re turned to the au thor  for  revision at 
least twice.

On the o ther  hand a concise ly and logically 
writ ten manuscr ip t  that conforms to the require­
ments set out in Informat ion to cont r ibuto rs ,  
may be ready for publication within a short  time 
and may even appea r  in an earl ier  issue than 
a poor manuscr ip t  that arr ived several  weeks  
earlier.

ORGANIZATION

T h e  reason for taking these steps  now is that in

!
 S ep te m ber  1975 an editorial s taff  was  appointed  

to serve  the three journals  Botaniska  N ot ise r ,  
O p e ra  Botanica and Svensk Botanisk Tidskrif t .  
T h e  staff,  consisting of  an Edi tor- in-chief  
(half time) and an Assistant  Edi to r  (three- 
quar te rs  time) was  instructed,  for  instance,  to 
look for  simple and efficient ways  of  improving 

; layou t  and manuscript  routine for  the three  
journals .

T h e  editorial s taff  is directed by an Editorial 
Board with represen ta t ives  from the bo tany 
depar tm en t s  o f  the Swedish  universi ties ,  from 
the Socie t ies  owning the journals  and from the

Swedish N atu ra l  Science  Research Council  
which suppor ts  the journa ls  economically.  (The 
grants  for salaries and material are independent  
o f  those to the journals .)  T h e  Editorial Board is 
also responsible for F lora  of  Ecuador ,  a series 
issued in close associat ion with O pe ra  Botanica 
but with o the r  Ed i to rs  (see inside front cover) .  
Finally, the Editorial Board is to take fu r ther  
s teps to rat ionalize the s tructure of  Swedish 
botanical  publication.

The  Editorial Board decided that the three 
journals  should cater  for different groups of  
readers. Botaniska N ot ise r  will thus be the only 
international Swedish quarterly journa l  of  
taxonomic botany and phy tom orphology.  O p e ra  
Botanica is the companion series for  c o m p re h e n ­
sive treat ises issued at  irregular  intervals . 
Svensk Botanisk Tidskrif t  is now to be the 
national Swedish  journal  o f  botany,  with articles 
mainly in Swedish (but made internationally 
accessible by means  of  abs trac ts  and legends in 
English). It will cover  plant ecology and floristics 
o f  mainly nat ional  interest as well as plant 
taxonomy.  A special fea ture  is to be an annual  
Swedish botanical  bibl iography that will also 
cover the vast  number  o f  stencils and offset- 
printed repor ts  nowadays  produced  by various  
insti tutes.  T h e  bibl iography will appea r  in 
Svensk Botanisk Tidskrift  but  will also be avai l­
able as a reprint .

This  reorganizat ion of  the journal s  would not 
have been very effective with separa te  editorial 
offices for each .  A s  it is, a manuscr ip t  submit ted  
to the “ w ro n g ” journal  can now be redirec ted  
simply by a suggestion in the let ter  a ck n o w l­
edging receipt  of  the manuscr ip t .  In our  
exper ience  no au thor  has yet  objected to a 
proposed redirect ion of  a manuscript .

A no ther  o f  the advan tages  of  a com m on  
editorial office is that it has been possible to 
introduce a uniform typography and layout for 
the three journals .  This  is a fact not only of  
impor tance to the Editors  and printers  ( involving 
a cut  in the production costs)  but should great ly 
facilitate ma t te rs  for au thors .  It will no longer be 
necessary  to rem em ber  two or three sets of  
instruct ions on how to plan f igures,  how to place 
the headings and how to write abs t rac ts  and 
compile the references.

T he  idea o f  experimenting with a com m on  
staff for three journa ls  arose out of  an analysis  
o f  the s tructure of  botanical  publishing in
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Sweden  (Botanical Publication in Sweden,  
report  from the Swedish N atu ra l  Science 
Research  Counci l ,  S tockholm 1974). T h e  aim is 
to procure the  opt imum channell ing o f  scientific 
results,  through journals  of  high quality 
specialized for  well-defined groups of  readers.  
T h e  exper iment will be on trial for  three years 
(with cont inuous  evaluation) after which 
developments  in the field o f  scientific publication 
may well make certain modificat ions necessary.
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Drawings and descrip tions are given for E. roseum  Schreb. and E. obscurum  Schreb.
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111. Epilobium roseum Schieber  1771

Perennial  herb ,  (20-)30-60(-90) cm high. Stem 
usually b ranched  in upper  and  middle part ,  
rarely from the base,  s tunted branches  usually 
presen t  in most  leaf  axils not suppor t ing 
branches .  Middle cauline leaves usually longer 
than the in te rnodes .  Stem producing  several  or 
rarely one (5-)10-15(-20)-f lowered inflores­
cences .  Sto lons  lacking or  up to 5 mm. Turions  
formed late in the au tumn,  sessile or  at the end 
o f  the sto lons,  as  dense  roset tes  o f  usually 10-15 
f leshy,  orb icu lar  to broadly ovate leaves 8-12 
mm long.

S tem (1—)2—4(—6) mm thick,  te re te ,  with two 
raised lines or  low wings below the leaf  margins 
and somet imes  also very weak lines below the 
midribs,  subglabrous  below, modera te ly  to 
densely  hai ry above ,  hairs 0-0.5 mm, eglandular  
hairs incurved  to adpressed ,  glandular  hairs  
patent ,  shorter .

M o s t  leaves opposite ,  upper ones  al ternate,  or 
rarely most  o f  them al ternate,  all pet iolate,  
pet ioles o f  middle and upper leaves 3-12 mm,  
those  o f  basal  leaves up to 15 mm,  opposite  
leaves united at base around  the stem but not 
decurren t .  Basal leaves smaller ,  usually 
lanceola te  to narrowly ovate.  Middle  cauline 
leaves (25—)35—70(—100) mm long, 10-25(^40) mm 
broad ,  lanceola te,  narrowly ovate or rarely 
ovate ,  acu te,  irregularly serrate with many  small

teeth.  U p p e r  leaves somew hat  smaller,  usually 
nar rowly  ovate,  with shorter  pet ioles.  Basal 
leaves subglabrous ,  middle leaves sparsely 
hairy,  upper  ones moderately hairy,  more  
densely on margins and veins,  hairs  like those of  
the stem though usually not more than 0.3 mm.

Pedicels  erec t  to e rec topate n t  in all stages.  
Buds spindle-shaped,  acute  and provided with 
a m ucro  usually 0.3-0 .4  mm long. Sepals  4-5(-6)  
mm,  connate  to c. 1 mm, nar rowly ovate  to 
lanceola te,  apiculate, pure green or  reddish,  
densely  hairy.  Petals 4.5-7  mm, notched to 1-1.5 
mm,  rose-pink to pinkish-white or  rarely light 
purplish-pink,  usually with darker  s tr ipes,  lighter 
when young. A n the rs  0.5-0.55(-0.75) mm, long 
f ilaments 3-4.5 mm, short f ilaments 2-3 mm. 
Style about  equall ing the short  s tamens ,  st igma 
capitate.

C apsu le  stalk 5— 15(—20) mm. Capsu le  40-55 
(-65) mm, modera te ly  to densely hairy,  hairs like 
those of  the stem. Seeds  1—1.1 (—1.15) mm long, 
0 .45-0 .6  mm broad,  obovoida l ,  ob tuse  at apex,  
acu te  at base ,  without  a neck,  slightly flat tened 
on one side, surface with many  rows o f  very 
small but dist inct papillae, chalazal  hairs usually 
30-40, 8-9  mm long. F low ers  homogamous .

E. roseum  occurs  chiefly on bare,  wet soil, 
often in d is turbed habitats  such as old gravel- 
pits,  em bankm en ts ,  etc. It is fairly com m on  in 
the lowlands o f  D e n m a rk  and Sweden  up to c. 
60° N ,  with some scat tered  localit ies near  the
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Fig. 111. Epilobium roseum  Schreb. -  A: Habit,  x  1/3. -  B: Turions, x  1/2. -  C: Stem nodes, x  2.5. —D: Cauline 
leaves ,  x  1. -  E: U pper leaves, x  1. -  F: U p p e r  stem parts and leaves, x  2.5. - G :  Bud, x  1. -  H : F low er, x  1. -  
J: Apical par t  o f  capsules, x 2.5. -  K: S tyle , x  1. -  L: Petal, x  1. -  M: Sepals, x  2.5.
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N orw eg ian  S and SW coas ts ,  in Sweden  up to 
c. 62° N  and in SW Finland.  In Scandinav ia  it 
has not  been recorded  north o f  62° N.

E. ro seu m  occurs  th roughout Europe  except  
the ex t re m e  south and the arct ic and  subarctic  
parts ,  and in W and N Asia.

K n o w n  hybrids: with E. adenocaulon ,
co llinum , g landu losum , h irsutum , m o n ta n u m ,  
pa lus tre ,  parviflorum , obscurum  and tetra- 
g o n u m .

112. Epilobium obscurum Schreber  1771

Perennia l  he rb ,  30—70(— 100) cm high. Stem 
usually at first b ranched in upper  part  only, later 
also at the base,  s tunted branches  presen t  in 
most  leaf  axils not support ing branches.  Stem 
produc ing  several  or  rarely only one (5-) 10-20 
( -30)-f lowered inflorescences.  S tolons  emerging 
be low  as well as above  ground,  the distal parts 
a lways  ep igean ,  green,  in sum m er  often directly 
develop ing  into new flowering s tems,  later  up to 
15(—25) cm  long, creeping, and somet imes  
rooting at the nodes ,  with widely spaced pairs  of  
leaves.  S tolon leaves with a pet iole up to 10 mm 
long, spatu late to obova te or elliptic, 4-20 mm 
long. S to lons  overwinte ring without  forming 
specia l ized  turions.

S tem s  2-4( -6)  mm thick,  te rete,  with raised 
lines or  low wings below the leaf  margins and 
rarely also short  and weak lines below the mid­
ribs; g labrous  or  subglabrous below, sparsely 
hairy above ,  densely so in the upper  part o f  the 
in f lo rescence ,  especial ly below denser  along the 
lines, hairs  0-0 .25 mm, incurved to adpressed  or  
very shor t  hairs  patent ,  all eglandular  or  rarely 
also a  few very short  glandular  hairs. Most  
leaves  usually opposite ,  upper  ones  al terna te ,  or 
rarely mos t  o f  them al ternate,  basal leaves often 
with a  winged  petiole up to 3 mm long, middle 
and u p p e r  leaves usually quite sessi le,  leaves 
usually not  united at base around  the s tem, at 
least som e  o f  them decurrent  0-5 mm on the 
lines o f  the  stem. Basal leaves smaller excep t  in 
individuals  growing in dry sites,  na rrowly

obovate to lanceolate or nar rowly  ovate,  obtuse.  
Middle cauline leaves (20-)40-65(-80) mm long, 
8— 15(—25) mm broad,  nar rowly  to very narrowly 
ovate or rarely lanceolate,  sharply tapering with 
an acute or  ob tuse apex,  irregularly serrate with 
few, widely spaced and usually small teeth.  
Upper  leaves smaller , very  narrowly ovate.  
Basal and middle leaves usually subglabrous,  
upper  ones sparsely hairy,  denser  on margins 
and veins, hairs like those o f  the stem.

Pedicels  erec t  to e rec topa ten t  in all stages.  
Buds ovoidal,  acute but without  a marked 
mucro .  Sepals  3.5—5(—7) mm ,  connate to 1-1.5 
mm, nar rowly  ovate  to lanceolate,  acute or 
narrowly tapering to an obtuse  apex,  ±  reddish 
especially on margins, dense ly  hairy,  with some 
patent glandular  hairs on the  basal  part. Petals  
5.5-7(-9)  mm, notched  to 1-1.5 mm, rather dark 
pinkish-purple or  rarely l ighter  purplish-pink.  
A n thers  0.65-0.75(-0.9)  mm,  long filaments 3-5 
mm, short  f ilaments 1.8-2.5 mm. Style shorter  
than the long s tamens ,  s tigma capitate.

Capsule stalk (5—) 10—17(—25) mm. Capsule  40 -  
55(—65) mm, densely hairy,  hairs like those o f  
the stem but some patent ,  glandular  hairs present  
on the apical part.  Seeds  0.85-0.95 mm long, 
0.4-0.5 mm broad,  obovoidal  with one f lat tened 
side, ob tuse  at apex,  acute at base,  without  a 
neck;  surface with small papillae arranged in 
dense,  regular ,  crestl ike rows  with the bases 
partially fusing, chalazal  hairs  usually 40-45,  5-7 
mm long. F low ers  homogamous .

E. obscurum  prefers  very  wet and often 
muddy sites, often among dense  vegetation.  It is 
fairly com m on in D en m ark  and Sweden up to 
the lakes Mäla ren .  H jä lmaren  and Vänern,  with 
a few localities in SW and S N orw ay  and in 
SW Fin land  and Karel ia.  It has not been 
recorded N  o f  62° N in Scandinavia.

E. obscurum  occurs  in Madei ra ,  N Africa,  
Europe  excep t  the nor thernm ost  parts and SW 
Asia  to C aucasus .

Known hybrids:  w i th F .  co ll inum , m on tanum ,  
palustre , parviflorum  and roseum .

Fig, 112. Epilob ium  obscurum  Schreb. -  A: H abit ,  x  1/3. -  B: Stolon, x  1/2. - C :  Stem nodes, x 2 .5 .  - D :  Cauline 
leaves , x  1. -  E: U p p e r  leaves, x  1. -  F : U p p e r  stem parts with leaves, x 2.5. - G :  Buds, x  1. -  H: Flower, x  1. -  
J: A pica l part o f  capsules, X2.5. -  K: Style, x  1. -  L: Petal, x 1. - M :  Sepals, x 2 .5 .
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This  pape r  is a summary of  film performance  and 
pos te r  dem ons t ra t ion  dur ing the XII  In te rn a ­
t ional Botanical  Congress  in Leningrad .  T h e  film 
s h o w n ,  “ T h e  pollination o f  some O phrys  
sp e c ie s ”  (with Swedish text),  is kept in the 
D e p a r tm e n t  o f  Entomology,  Univers i ty  o f  U p p ­
sala, and is not available for  loan.

T H E  B I O L O G I C A L  P H E N O M E N A  

I n t r o d u c to r y  n o te

The  relat ionship between angiosperm flowers 
and flower-visi t ing insects  is o f  the grea test  
im por tance  for life on earth.  This  in te rdepend­
ence  is in principle based  upon the ability o f  the 
f lowers to supply the carbohydra te- loaded  
nec ta r  and the protein-rich pollen as food to the 
insec ts ,  and  the ability of  the insects  to t ransfer  
pollen to the st igma when  feeding or  searching 
for  food .  T h e  f lowers o f  angiosperms  possess  the 
ability to p rovoke  and guide certain  instinct- 
based  behav iour  in insects .  W e are fairly well 
acqua in ted  with the feeding act ivi ty o f  insects  on 
f lowers .  H o w e v e r ,  certain f lower  types have the

ability to tr igger o ther  instinctive behaviour  in 
insects and among  these are the f lowers of  the 
orchid genus Ophrys  L.

This genus has about  30 forms classified as 
species,  the majority growing in the M ed i te r ­
ranean region. Certain  forms are difficult to 
separate morphological ly from each  other .

In the early 20th century  Pouyanne  (1917) and 
G odfery  (1925) made  observat ions  in the field on 
the pollination of  some Ophrys  species.  O n  the 
basis  o f  what  they saw, they assumed that 
the shape  o f  the Ophrys  label la visually 
mimicked the female of  certain aculeate H y ­
menoptera.  T h e  f lower was thought to dupe  the 
male insect , with the result that it became 
pollinized. In those days,  however ,  thorough 
studies of  the phenom ena  observed  were  never  
performed.  Perhaps  this state o f  affairs depended  
on m a n ’s lack of  ability to conceive and interpret 
such behavioural  phenom ena  in living nature 
before the dawn of  modern behavioural  physiol­
ogy. W e have studied the behaviour  o f  the male 
H ym enop te ra  by ocular  observat ions  as well as 
by electronic flash photography and 16 mm 
filming.
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Film observations

Observation  by filming the pollination behaviour  
may be summarized  as follows.

The  f lowers lack superficially del ivered 
nectar .  T h e  f lower perfumes at trac t  the males of  
certain species of  H ym enop te ra  Acu lea ta  and 
induce them  to a high level of  preparedness  for 
copulatory behaviour.  Tacti le  s timulat ion -  from 
the del icately hairy surface o f  the firmly c o n ­
struc ted  f lower-labellum -  under s imul taneous  
chemica l ,  olfactory stimulat ion -  forces the 
H y m e n o p te r a  males to perform movements  
resembling those performed during the copula­
tory at tempt .  Dur ing  these  movements ,  execu ted  
on the f lower-labellum, the males will assume 
such posit ions and  at ti tudes that the pollinia can 
be loosened and pollination accomplished.  Cf. 
Kullenberg 1952 and 1961.

O phrys specu lum  Link is poll inated by the 
Scoliid wasp  C am psoscolia  ciliata  F. O. insecti- 

fe ra  L. is poll inated by males of  the two Sphecid 
wasps  A rg o g o ry tes  m ys ta ceu s  L. and A . fa rg e i  
Shuckard  (= cam pestr is  auct .).  O. lutea  Cav.  
(as O. fu s c a  Link*) is poll inated by males of  
solitary bees, many species of  the genus 
A nd ren a  F. (sensu lato). O. fu sc a  has been 
observed  to be poll inated by the male A ntho -  
phora  acervorum  L.* O. sphecodes  Mill. 
(—araneifera  H uds . )  is poll inated by A ndrena  
males, at least partly the same species as for 
O. lutea  and O. fu sc a .  The  form-complexes  of  
O. sphecodes  and O. arachnitiform is  G ren .  & 
Phil.* are pollinated,  at least partly,  by the male 
Colletes cunicularius  L.* O. sco lopax  Cav . ,  
O .fu c if lo ra  (Crantz)  M oench ,  O. tenthredinifera  
Willd.* and O. apifera  Huds .  and even 
O. bom byliflora  Link* are poll inated by males of  
solitary bees  o f  the genus Eucera  Scop. ,  and 
males o f  the genus  Tetralonia  Spin.* have been 
seen poll inat ing O. fuc iflo ra  (Plate 1 B) and 
O. scolopax. O. reinholdii FI.* has been o b ­
served to be poll inated by  M electa  Latr.* males.

Species not shown in the film, but included in 
the pos te r  demons trat ion are marked with an 
asterisk.

M rG ü n te r  Halx, W orth /D onau, BRD, has most kindly 
informed us of his observations o f  Melecta  males 
pollinating O. reinholdii. In a paper of  one of us 
(Kullenberg 1973) he was incorrectly named G . July 
and I now take this opportunity  to correct the mistake 
and offer my apologies.

Conclusions from field observations 
and experiments

It is quite apparent  tha t  the f lower possesses 
character is t ics  which appeal  to the supposed 
inborn male copu la to ry  behav iour  o f  certain 
species of  aculeate H ym en o p te ra .  In all intelli­
gent  observa tion  o f  living nature ,  exper im en ta ­
tion is more  or  less clearly discernible.  Thus ,  on 
the basis o f  field observa t ions  and experiments  
it is possible to state tha t  the O phrys  labellum is 
capable of  s timulat ing the different phases  of the 
male copula to ry  behav iour  from the approach 
flight to the a t tem pted  copulat ion  (Plate 1), 
al though accompl i shed  copulat ion can never be 
performed.  This  type o f  orchid f lower does not 
secre te  nectar ,  nei ther  is its pollen available to 
mos t  types  of  insects .  F em a le  aculeate 
H y m e n o p te r a  are never  seen visit ing Ophrys  
flowers.

Pollination of  O. insectifera  by pollen-feeding 
Staphylinid beetles,  A n th o b iu m  m in u tu m  F . ,  
has been observed  in a locality in Central  
Sweden.

T h e  male copula to ry  instinct is s t imulated by 
the f lower-perfume exha led from the labellum 
and the approach  flight as well as  the descent  to 
the f lower will not be per formed without  this 
chemica l  s timulat ion. T h e  m ove m en ts  on the 
labellum, imitating the in troduction o f  copula­
tion,  are indispensable  for poll inat ion.  T hey  
depend  on the superficial,  epidermal  s tructures 
of  the labellum and on the solid cons truct ion of  
the labellum itself. H o w e v e r ,  these  tactilely 
guided m ovem en ts  on the labellum cannot be 
released without  the cont inuation  o f  chemical ,  
olfactory st imulat ion by the f lower perfume. 
Dur ing these m ovem ents  and shif tings on the 
f lower labellum the males will a s sum e  such 
posit ions and at t i tudes  tha t  the pollinia can be 
loosened and poll inat ion accomplished.

T h e  poll inat ion o f  the different O phrys  types 
carr ied out  by separate H y m e n o p te r a  species,  or 
restr icted species groups ,  is in fact assortat ive.  
T h e  primary del imiting fac to r  is the scent  
s t imulat ion or, more  correct ly ,  the stimulat ion 
by the chemical  s truc ture  of  certain biologically 
act ive subs tances ,  exhaled by the f lowers of  the 
different  form groups  o f  Ophrys.  T h e  secondary  
form-isolat ing fac tor  o f  the O phrys  poll inat ion 
depends  on the fact tha t  in one group of  Ophrys  
species the pollinia are taken by  the Hyme-
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Fig. 1. A: Pollination of Ophrys fu s c a  by a male Andrena .  T he  pollinia are taken by the tip o f  the abdom en of 
the insect. -  B: Pollination of O. sco lopax  by a male Eucera.  T he  pollinia are taken by the head o f  the insect.

nop te ra  male with the tip o f  its abdom en  (Fig. 
1 A),  w hereas  in the majori ty o f  the O phrys  
forms the pollinia are rem oved  by the insec t ’s 
head (Fig. 1 B). One  species,  O. apifera, is 
capable  o f  auto-poll inat ion while still preserv ing  
the typical  Ophrys  a t t ract ion for  H y m en o p te ra  
males. A third (virtually form-isolat ing) factor  is 
the phaenological  one.  N ever the less ,  as regards  
the f lowering-t ime o f  O phrys  species growing 
toge ther  in a given locality, overlapping seems to 
occur .  Chorological ly,  on the o ther  hand,  the  
M ed i t e r ranean  Ophrys  forms do not seem to be 
dist inct ly differentiated.  In fact most  forms or  
spec ies  seem to have habitats  in com m on .  This  
seems true at least for  what  may be called 
“ m a cro -hab i ta ts” . S underm ann  (1975) lists 16 
species,  but cons iders  num erous  forms at the 
subspec ies  level. N e lson  (1962) lists 21 species 
with nu m e ro u s  subspecies.

In o rd e r  to explain the ecological relationship 
be tw een  the Ophrys  forms and their  specif ic 
poll inators ,  as well as the differentiat ion o f  forms 
within the genus  Ophrys,  it seemed  quite clear  
a l ready at  the beginning of  the observa tions  that 
the chem is t ry  of  the f lower per fumes  had to be 
studied.  Cf. Kullenberg 1952 and 1961.

CHEMICAL ANALYSES 

Methods

Capillary gas chrom atography and mass spec trom etry  
with a splitter-free inlet system is the main method 
used  in these analyses. This  technique is com ple­
m ented  by micro-chemical methods and o th e r  spectro- 
metric techniques. The volatile com pounds have been 
isolated either by a direct pre-column technique or by 
adsorption. T he  m ethods have been described  in 
earlier publications (Ställberg-Stenhagen 1972, Berg­
ström 1973, S tällberg-Stenhagen, S tenhagen & Berg­
ström 1973, Kullenberg & Bergström 1973).

Volatile compounds from Ophrys labella

T h e  com pounds  identified can be divided into 
tw o  classes according to their volatility: (1) 
C o m p o u n d s  of  relatively high volatility. This  
group  is made  up of  s traight-chain fat ty acid 
deriva t ives  with 8 to 14 carbon a toms,  viz. 
hydrocarbons ,  alcohols,  a ldehydes ,  ke tones  and 
ace ta tes ,  as well as  some acyclic and  cyclic 
m ono te rpenes  in the form of hydrocarbons ,  
a lcohols  and  aldehydes.  (2) C o m p o u n d s  of  
relatively low volatility. T hese  are mainly cyclic 
sesquite rpenes ,  viz. alcohols and hydrocarbons .  
O n e  cyclic di terpene hydrocarbon has also been 
found in two species. More  d i t e rpenes  may be 
presen t .

M os t  o f  the species and  forms o f  species 
s tudied have a characteris t ic  composi t ion  of  
com p o u n d s ,  with represen ta t ives  of  both
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classes.  T h e  second class of  co m p o u n d s  has 
been found to be partially groupwise distributed 
within groups  of  closely related O p h r y s  species.  
T h ese  have tentat ively been called “ cadinene- 
ty p e ” , “ c o p a e n e - ty p e ”  and “ longi-cyclene- 
t y p e ”  (Kullenberg & Bergs tröm 1973). C o m ­
pounds  belonging to the first class do not  seem to 
be distr ibuted in such a way.  T h e  am oun t  of  
substances  from the first class of  com pounds  
varies be tw een  species whereas  the sesquite r ­
penes  are always  p resen t  in relat ively small 
amounts.

Volatile compounds from pollinators

Subs tances  which em ana te  from heads  of  both 
females and  males (mandibular  gland) and from 
the abdom en  (Dufour’s gland) of  females have 
been identif ied in a n u m b e r  o f  species  o f  solitary 
bees.  H i the r to ,  only m embers  of  the genera 
A n d r e n a  and  C o l le te s  Latr . ,  w hose  males act as 
O p h r y s  poll inators ,  have  been studied (Berg­
ström & T en g ö  1974, T en g ö  & Bergs tröm 1975, 
1976, Bergs tröm 1974).

T h e  analyses  of  abdominal  secre t ions have 
revealed the presence  o f  large am oun ts  of  
farnesyl hexanoa te  and  geranyl  oc tanoa te ,  and 
macrocyc lic  lactones  such  as 16-hexadecanolide 
and 18-octadecanolide.  T h es e  com p o u n d s  are 
probably used in nest marking.

In most  cases  the cephalic  secret ions have 
been found to be very  similar in males  and 
females o f  the same species.  T h e  secret ions  are 
made  up o f  s traight-chain fatty acid derivat ives 
of  lower chain length, such  as alcohols,  
aldehydes ,  and ace ta tes .  In fact ,  many of  these 
c om pounds  are identical with some class 1 
com pounds  found in O p h r y s  label la. So far  no 
cyclic sesqu ite rpenes  have been found in the 
bees studied.

Biological implications o f the chemical results

A  d i s p e r s a l  m o d e l  f o r  p o l l i n a t o r  s t i m u l a n t s

O n the bas is  of. the chemica l  findings and bio­
logical observa t ions  in the field we would like to 
present  a mode l  o f  the  dispersal  o f  s t imulatory 
com pounds  (Fig. 2). W e  dist inguish between 3 
different “ ac t ive  v o lu m e s ” , designated A, B and 
C.  T h ese  ac t ive vo lumes  are charac te r ized  on 
the one hand  by the chemical  subs tances  present
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in the volume and on the o ther  hand by the effect 
on the animal.  In Fig. 2 wind direction is indi­
ca ted and the distance  from the odour  emitter ,  
in this case  an O p h r y s  f lower,  is given on 
a logari thmic scale covering  1 cm to 1000 m. 
It must  be emphasized  tha t  the model  is meant  to 
se rve as a working hypothesis .

In  the discussion o f  the dispersal  and effect of  
volatile s t imulatory com p o u n d s ,  several  intricate 
ques t ions  are posed.  O n e  is, at what  stage in the 
stimulat ion chain is the receiving animal put into 
a specific “ m o o d ”  directly related to a certain 
vital need (e.g. copulat ion or  feeding need). In 
our  model this ques t ion  means  whether  the 
receiving animal in region A is directly coupled 
into an early phase  o f  a sexual behaviour  pat tern,  
o r  w he ther  a more  indeterminate orientat ion 
flight, possibly,  toge ther  with excitat ion,  is 
triggered.  W e  believe tha t  the relatively long­
distance  a t tr ac t ion/exc ita t ion  signal in region A, 
which is t ranspor ted  by the wind, may be 
com posed  of  the less volatile sesqui-  and diter- 
penes ,  i.e. com pounds  of  class 2.

T h e  more  spherical region B, which covers the 
space from a few cent im ete rs  to a few meters  
from the emit ter ,  is less dependen t  on the wind. 
In this region the concen tra t ion  of  class 1 c o m ­
pounds  is relatively high. Air  tu rbulence  in this 
region toge ther  with diffusion can serve to 
spread and  mix the com pounds .  It is unclear  at 
the mom ent  which part icular  effect these c o m ­
pounds  have ,  but com par isons  with the effect of  
similar com pounds  em ana ted  from bees in field 
observa tions  may lead to the inference that 
a higher excitat ion level may be triggered. At 
the same time the close range orientation,  
together  with visual stimuli,  may be effected.  
T h e  behav iour  of  the poll inator  in this region can 
perhaps  in more detail be successful ly compared  
with the behav iour  of  a male in the same region 
towards  a female insect ,  a food plant  or an odour  
marking point.

W e  have preferred to distinguish a separate 
region,  region C ,  in the very  close vicinity o f  the 
emit ter ,  i.e. at a max im um  distance o f  about  
1 centimeter .  In this region,  com pounds  of  very 
low volatility may operate,  ei ther by short 
d istance air t ranspor ta t ion  or  even by contact  
reception.  C and ida tes  for  signal com pounds  are 
again the class 2 com pounds .  T he  behaviour  
released in this region,  together  with tactile 
stimuli,  must  be late phases  in the copulat ion
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Dispersa l of s t im u la to ry  compounds
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Fig. 2. D ispersal model for pollinator stimulants.

attack;  perhaps  a further  (higher) excitat ion 
step manifes t ing itself in repea ted  copulat ion 
a t tem pts  and binding to the f lower (Plate 1 C -F ) .

S p e c ie s  a n d  s u b g e n e r a  s p e c i f i c i t y  o f  s ig n a l s

Field exper im en ts  and electrophysiological  da ta  
both point to a high degree  o f  specificity of  
volatile s ignals in the O p h r y s  poll inator  relat ion­
ship. A majo r  quest ion is there fore how this 
specificity is achieved.  With regard to the 
dispersal  mode l  and to dist inguishing between 
the two c om pound  classes we can say that the 
latter  part ial ly represen t  tw o  different  w ays  of  
obtaining specif icity.

In the case  o f  the class 1 com pounds ,  i.e. the 
simple fatty acid deriva t ives  and the mono- 
te rpenes ,  the re  is already a base for  specificity 
in the possib le s tructural  variants .  With these 
com pounds ,  specificity also seems to originate 
to a large ex ten t  from the mul t icom ponen t  blends 
that  they  form. T h u s  both  the c om ponen ts  th e m ­

selves, and the  propor t ions  in which they occur,  
cons t i tu te  the specificity.

With the sesqui-  and di te rpenes  the number  of  
different s tructura l  variants  is very  large. So 
large, in fact ,  tha t  this phenom enon  alone would 
be enough to explain the high degree of  
specificity.  Of ten  a few of these  com pounds  are 
present  toge ther  in the secret ion o f  the plant. 
This  fact further  enhances  the specificity.

T o  sum up,  specificity is likely to opera te  in all 
three regions,  A,  B and C ,  but on partially 
different principles. T h e  different stimulat ion 
steps may involve increasing excitat ion levels. 
T h e  combination  with o the r  stimuli (visual and 
tactile) may or  may not be simultaneous.

THE STIMULI GUIDING
THE POLLINATION BEHAVIOUR

A s regards the stimuli functioning in the poll ina­
tion of  O p h r y s  f lowers by aculeate H y m en o p te ra
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males the following conclusions  can be drawn.
Olfac to ry  stimulat ion is doubtless  a so-called 

pr imary key st imulus. Tac ti le  s timulat ion is also 
of  pr im ary im por tance  as a key stimulus.  The  
character is t ic  epidermis s tructures on the upper 
side o f  the Ophrys  labellum, as well as the 
labe llum’s solid cons truc t ion,  are indispensable 
for  the touch-guided movem ents  and shiftings on 
it. T h e  externa l  morphology of  the different 
types  o f  hair is not of  defini te importance  for 
these m ovem en ts ,  w hereas  the mechanical  p ro ­
pert ies  and the stroking direct ion of  the hairs, as 
well as  their length are essential.  Final ly,  it is 
the grouping o f  the hairs with different properties 
into fairly homogeneous  pilose areas that forms 
the essential  tact i le-st imulatory basis for how the 
shiftings on the labellum will take place.

O f  the  three  main types  o f  stimuli -  olfactory, 
tactile and visual -  and their  effect on the H y m e ­
nop te ra  males,  it seems tha t  the olfactory st imu­
lation may be called independent ,  whilst the 
tactile and the visual stimuli should be called 
depende n t  key stimuli,  s ince they rely on the 
olfactory preparat ion  for their  releasing ability. 
A s  regards the visually perceivable habitus, 
the label la of  the O phrys  f lowers appeal to the 
basic innate releasing mechanism of a widely 
definable insect  type ,  whilst,  as regards the 
ability to give tactile and scent  s timulat ion,  they 
appea l  to the behaviour releasing mechanism of  
certain types o f  aculeate Hym enop te ra .  Then ,  
in regard  to scent  s timulat ion they appeal in 
a most  special ized way. The  concept  of  the 
special ized releasing mechanism of  the scent  
s timulat ion,  a s sum es  special izat ion from the 
physiological  as well as  from the taxonomica l  
point o f  view.

Interest ing observa tions  on the pollination of  
certain O phrys  types  by Scarabaeid,  Elaterid 
and perhaps  o ther  Co leop te ra  types in the male 
sex,  when  performing in troduc tory behaviour  of  
copula t ion on the labella, have to be more  
thoroughly studied.  At least the tactile s t imula­
tion from the labella seems to be adequate 
regarding the male copula tory  behaviour  of  the 
C o leop te ra  in quest ion.  Observa tions  on this 
poll inat ion by C oleop te ra  are made by M r  
G . H a lx ,  W or th /D ona u ,  BRD, and M r  J. Fors te r ,  
Winter thur ,  Schweiz ,  who kindly informed us by 
letters with co lour  pho tographs .

A GENERAL CONCLUDING NOTE

T h e  morphological  and chemical  charac te rs  
typical  o f  the O phrys  f lower ,  can with good 
reason  be assumed to be adap t ive ,  considering 
the regularity with which they  occur  within the 
large orchid group O p h ry d o id eae  al luded to in 
connec tion  with this special ized entomogamy. 
T h e  O phrys  f lower ought  to be regarded as 
an adapt ive f lower.  T h e  O phrys  species are 
adap ted  for poll inat ion to the  male copula tory 
inst inct  o f  certain types  o f  aculeate H y m e ­
nopte ra .  In its character is t ic  pollination biology 
the genus O phrys  p resen ts  a spectrum of 
increasing r igour with the strictly special ized 
O. specu lum  at one o f  the ends ,  and the least 
strict ly special ized,  part ly Eucera  poll inated,  
part ly self-poll inated O. apifera  (Plate 1 A)  at 
the  o ther;  and with the o the r  forms placed in- 
be tween .  O ne  may venture  the me taphor  that  
O. specu lum  has one single, very  r igourous,  life 
insurance ,  O. apifera  a double  one,  and the o ther  
species,  as far  as is know n,  single insurances 
tha t  never theless  al low several  possibilities.

T h e  descript ion given o f  the special inter­
act ions  o f  the nec ta r less  O phrys  f lowers with 
cer ta in  aculeate H y m e n o p t e r a  types of  the male 
sex for  the benefit  o f  pollination is based on 
m a n y  years o f  field observa t ions  and exper im en­
tat ions.  Analytical  chemica l  work  on the c o m ­
municat ion system involved started about  fifteen 
years  ago. T h e  linking of  restr icted groups  of  
O phrys  species and species of  certain genera of  
H y m e n o p t e r a  A cu lea ta  into del imited poll inat ion 
g roups  is based  on the ability o f  the f lowers to 
tr igger the male copula to ry  behaviour via 
chemica l  and tactile s t imulat ion. This  si tuation 
in O phrys  poll inat ion ecology can be assumed to 
have  evo lved  by s tepwise  evolutionary 
p rocesses .  In o the r  words,  processes o f  so- 
cal led co-evolution may be assumed to have 
been functioning in the crea t ion of  the O phrys  
poll inat ion groups.
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Plate 1. A: Pollination of O. apifera by a male Eucera  longicorms  L. during observations under experim ental 
conditions, Öland, southern Sw eden. N o te  that one o f  the quasi-spontaneously  fallen out pollinia is being pressed 
by the Eucera  male against the stigma o f  the flower. -  B: A male Tetralonia  sp. attempting copulation with the 
labellum of an O phrys fucif lora  flower. C rete .  -  C: A male E. longicornis  in “ searching b eh av io u r"  on the 
surface of the g round u nder  a dum m y or bait o f  green tulle diffusing scent from hexane extract o f  five labella of 
O. tenthredinifera.  Öland. -  D: A male E. nigrilabris Lep. in a field experim ent closely approaching by direct 
flight a flower o f  O. tenthredinifera  concealed  by a piece o f  green tulle. N otice  the head of the Eucera  male 
carrying pollinia o f  O. tenthredinifera.  Majorca. -  E: A male E. longicornis in a field experim ent attem pting to 
copulate with the green tulle o f  a dum m y diffusing scent from O. tenthredinifera  labella in hexane solution. 
Öland. -  F: A m a leC .  longicornis  in a field experim ent approaching by direct flight a scent dum m y prepared  with 
a hexane solution o f  (-)^y-cadinene, concentra tion  1:100. Öland. N everthe less ,  the effect o f  this substance is 
varying in field tes ts .  -  Length of Eucera  male abou t 15 mm.
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OriblJlEHHE OPXH/JEH M3 CEMEMCTBA 
OPHRYS

Pe3HDMe Ha pyccKOM a3biKe 

BHOJlOrHMeCKHe HBJieHHH
!

O pxHaeH H3 ceMeficTBa Ophrys HCKJiroHHxejibHO 
HJIH nOHTH HCKJHOHHXeJlbHO OnblJIHIOXCH caMitaMH
HeKoxopbix BHjioB H y m e n o p te r a  A cu lea ta .  U,Bexbi 
He Bbmejiarox HeKxap. K o r j ia  npHBjieneHHbie caMUbi 
H y m e n o p te r a  caziaxca Ha ryöbi tmexoB Ophrys

\ npHBO/tHXCa B ZlBHXeHHe MexaHH3M, COOXBeX- 
cxByroipHH Hanajiy KonyjiaiiHH, n p n  3xom  Moacex 
ocBoöoxtHXbca iibpxbita h  npoHcxoju-ix oiibuieHHe.

H o x a  hxo ycxaHOBJieHbi cjienyiom H e BHUbi Hy­
m e n o p te r a  A cu lea ta :  Campsoscolia, Argogorytes, 
Colletes, Andrena s. la to ,  Eucera, Tetralonia, Antho­
phora h Melecta.

H xo Kacaexca H3yneHHa cxHMyjioB, .qeHcrByio- 
iitHx n p n  onbiJieHHH ubcxob  Ophrys nonoB o b o 3- 
6y>KAeHHbiMH caMitaMH H y m e n o p te ra  A c u le a ta ,  
xo  mo>kho cxtejiaxb cjie^yroruHe BbiBoxtbi:

ApoMaxHbiH B036yttHxejib, 6e3 coMHemia, hbjih- 
e r c a  xaK Ha3biBaeMbiM KJironeBbiM B036y,HHxejieM. 
TaKXMJibHbifi B03ÖyflMxejib HMeex xoace öo jib iu o e  
3HaneHHe KaK kjhohcboh B03Öyx(Mxejib. X apaK xep- 
Haa cx p y x x y p a  snnjiepMbi na  BepxHen cxopoH e 
ryöbi Ophrys x a o c e  KaK h njioxHaa /xB epttaa/  eé 
KOHCXpyKUHB HeOÖXO^HMbl iVIH XaKXHJIbHO MOXH- 
BHpOBaHHbix xtBHHceHHÖ h noB oporoB  Ha ry 6ax .  
Pa3HHua bo BneiuHefi MoptJjojiornn pa3JiHHHbix 
xhiiob Bojioc He HMeex cymecxBeHHoro 3HaneHMa 
zyia ziaHHbix xtBM>KeHHH, x o rn a  xax  MexaHHuecKne 
CBoncxBa bojioc, hx HanpaBjieHHocrb h zuiHHa 
oneHb BaxHbi. H, naKOHeu, rpynnnpoB K a bojioc c 
pa3JIHHHbIMH CBOHCXBäMH Ha OnpCJteJieHHblX rOMO- 
reHHbix BOJiocaHbix noBepxHoexax HMeex cym e- 
cxBeHHoe 3HaweHHe juia  x o ro ,  khk oynyx  ocyuje-  
cxBjiaxbca nBnaceHna n o  ryöe,

H x o  Kacaexca xpex  ocnoBiibix xnnoB B03ÖyziH- 
xejiefi —  oöoHHxejibHbix, xaKXHJibHbix h apnxejib- 
Hbix —  h hx BJiHHHHa Ha caMHOB H y m e n o p te ra ,  
xo  Mbi xoxejiH 6bi Ha3Baxb apoMaxHbiH He3aBH- 
CHMblM, B XO BpeMfl KaK XaKXHJIbHbie H 3pHXejIbHbie 
B03ÖyjrHxejiH cjienyex na3biBaxb 3aBHCHMbiMH, xaK 
KaK hjih cB oero  BbiabiBaHMa ohh 3aBHcax ox  a p o -  
MaxHOH nojiroxoBKH. H x o  Kacaexca 3pnxejibHO 
BoenpHHHMaeMoro BHjra ryöbi Ophrys, xo  oh an -  
ne jinpyex  nepBHHHOMy (JiaKiopy bo Bpo*tieHHO 
Bbi3biBaiomeM MexäHH3Me y «bho onpe^ejieH H oro  
x n n a  HaceKOMbix. H x o  Kacaexca cnocoÖHOcxn jiaxb
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xaKXHJibHoe h  apOMaxHoe B036y>KaeHHe, xo OHa 
b jih h c x  Ha Bbi3biBaioiHHH MexaHH3M y HeKoxopbix 
xnnoB H y m e n o p te ra  A cu lea ta . H xo Kacaexca ap o - 
M axHoro B03Öy)KjreHHa, xo BjinaHne n p n  sxom  
aBJiaexca H andojiee cneitHäJiH3HpoBäHHbiM.

n o jt  cneuHUJiH3HpoBaHHbiM Bbi3biBaroLueM Me- 
xaHH3MOM nocpe/icxBOM apoMaxHoro B036yacxie- 
H H a, noHHMaexca cneunajiH3HpoBaHHe KaK c c}j h - 

3H0J10XHHeCK0 H, XaK H C XaKCOHOMHHeCKOH XOHKM 
3peHHa.

B nocjie jm ee BpeMa cjrejiaHbi HHxepecHbie Haö- 
jnofleHHa no  onbureHuro HeKoxopbix xnnoB Ophrys 
caMijäMH S ca rab ae id ae ,  E la te r id ae  h , b o 3m o >k h o , 

em e npyrHMH xnnaMH C o leo p te ra .  n o  KpaHiieö 
Mepe, xaKXHJibHoe B03Öy>KjieHHe ry ö  Kaacexca a,qeK- 
BäXHbiM oxHOCHxejibHo xap ax x ep a  Konyjiaunn y 
caMira ynoM aH yxoro  C o leo p te ra .  H y am o , o/tHaKo, 
H3yxHXb öojiee nojipoÖHO KaK pa3 h x  noBeneHHe b  

HaaajibHbix nonbixKax KonyjiauHH Ha ryöax .

X h m k h  jieTyHHX ripo/jyiaoB v :i h b c t o b  Ophrys

Mbi namjiH, h x o  ußexbi Bbmejiaiox Heöojibm ne 
KOJiHHecxBa npocxbix  ajincjiaxHHecKHx coeAHHeHHH, 
a xaKace H3onpeHHbie coe/iHHeHHa, ocoöeuH o h ,h k -  

jiHHHbie h  cecKBHxepneH-ajiKorojiH h  yxJieBojio- 
poxtbi. ycxaHOBJieHbi h  neKOxopbie MOHoxepneHbi. 
H o x a  Mbi HCCJieaoBajTH 28 b h h o b  h  h o ^ b h ^ o b . 

CpaBHHBaa jjaHHbie, nojiyaeHHbie rjiaBHbiM o ö p a -  
30M H3 xa30xpoMaxorpa4>HHecKHx h  Macca- cneK- 
rpoMexpHHecKHX HccjiejjOBaHHH JiexyxHX nponyK- 
x o b  H3 HBeroB Ophrys h  H3 cxaH ^apxubix  coe jm - 
HeHHH, Mbi ycxaHOBHJiH HeKoropbie xnnbi cecKBH- 
xeprieriOB.

B03M0>KH0 ÖOJlbLHOe KOJTHHeCXBO H30MepHbIX
cxpyKxyp. B H acxoam ee BpeMa Mbi 3aHaxbi ycxa- 
HOBJieriHeM u ö c o j h o x h o h  KOiicjinrypariHH HeKo­
xopbix H3 ecxecrBeHHbix coejjHHeHHH. Pe3yjibxaxbi 
no3BOJiaiox yace czrejiaxb Hexoxopbie BbiBOztbi ox- 
HOCHXeJlbHO XaKCOHOMHHCCKHX CBa3eH Me>Ktty on- 
pe/teJieriHbiMH cfiopMaMH Ophrys. 3 x h  BbiBOjibi 
cooxB ercxB yrox xeM, Koxopbie m o > k h o  n o jiy an x b  
n pn  HaöJiiojieHHH onbureHHa caMuaMH H y m e n o p ­
tera  A cu lea ta .

H 3 y aaa  HaJinnne b  HBexax Ophrys HeKoxopbix 
xnnoB cecKBiixepneHHbix yrjieB oztopoaoB , npejiBa- 
pHXejlbHO Ha3BaHHbIX flJIHHHOHHKJlHHeCKHM XHnOM, 
xnnoM  KonaeH h  xnnoM  KattneH, Mbi HamjiH, h x o  

xnn  KonaeH B cxpenajica jinm b y b h ^ o b , onbiJiaeM bix 
rjiaBHbiM oöpa30M  nnejiaMH Eucera. 3 x o x  cecKBH- 
xepneH, K oropbifi MO>Kex npeAcxaBJiaxb c o ö o h  

HeCKOJlbKO pOH.CXBeHHbIX H30MepOB y pa3JIHHHbIX

2 -  Botaniska Notiser
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TunoB, noKa h to  6bui HaiiaeH y O. scolopax, 
O. apifera , O. tenthredinifera , vt O. bertolonii. 
^jiHHHOiiHKJiHHecKHÄ THn Bcxpexaexc» y O. spe­
culumi, O. insectifera, O. lutea, O. fusca , y m h o th x  
(j)opM O. sphecodes h  y  O. bombyliflora. O. lutea 
cojiepacHT cecKBHTepneHHbifi anK orojib , Koxopbin 
no CBoen CTpyKType Ka>Kexcfl npaivio CBJBaHHbiM c 
TnnoM Ka^HHeH y  yrjieBoziopojiOB. O. lutea, O. 
fu sca  h oTziejibHbie cfiopMbi O. sphecodes onbi- 
juuoxcb  caMuaMH Andrena. T u n  KaflHHen HMeexcn 
y O. lutea, O. fu sca  n b oxHOCHxejibHO MCHbrueM 
KOJinaecTBe y O. bombyliflora.

XHMHHecKHH aHajiH3 apoMaTHbix BemecTB no- 
Ka3bißaeT oneHb cxoüH bin cocTaB jiexyxnx cexpexoB 
y O. lutea  h O. fusca . CymecxBeHHaa pa3Hnn;a 
öbijia H aäneH a cp e n n  apoM aTHbix BemecxB, Bbi/re- 
JiaeMbix (j)opMaMH KOMnneKca O. sphecodes. E hy- 
xaa axy pa3HHpy .aanee, ocoöeHHO nyxeM cpaBHe- 
HH3 äHajlHTHHeCKHX pe3yJIbTaTOB flJIfl pä3JlHMHbIX 
(j)OpM, HaM npeflCTaBJiaeTCH B03M0)KHblM BblH- 
CHHTb HeKOTOpbie (})aKTbI B CJI05KH0H TäKCOHOMHH
b aaHHOH rp y n n e .

JleTyMwe B einecxB a, H a x o a a in n e c a  b UBeTax b 
H eö o jib iu n x  K onnnecT B ax SbiJiH BbmejieHbi H3 UBe- 
TOBHbix r y 6 c n o c o ö o M  «aH(})jiépa>K» /xoxioziHoe 
H3Bjie4eH ne c n o M o m b io  KpeM Hna/. ^.onojiH M Tejib- 
Hbifl M e ro /i —  noM ecTHTb n a c r  ry ö b i npaivio b He 
fla iom yK ) o c k o jik o b  HH-beKUHOHHyro cncxeM y ra -  
3 0 xpoM aT orpac[)a .

X h m h h  JieTyHHX c e K p e r o B  y  o a h h o k h x  n n e j r

JleryxH e BemecxBa, BbwejiaeMbie b Mai-ian6yjia- 
pHbix x e n e 3 a x  rojiOBbi cb m u o b  h ch m o k  nneji 
Andrena  öbum  aHajiH3npoBaHbi x h m h h cck h . floKa 
6buio  H3yneHO 20 b h a o b . Ka>K,abiH m p  HMeex 
xapaxxepHbiH cocxaB  oxH ocnxeubH o HeöojibiiiHX 
KOJlHHeCXB COBCeM npocxbix  aJIH({)aXHHeCKHX H H30- 
npeHHbix BemecxB. CocxaB Jiexynnx BemecxB y 
CaMHOB H CäMOK y ÖOJIbLUHHCXBa BHZIOB oxeHb
o^HopoflHbiH. A o  chx n o p  He oÖHapy>KeHbi h h k jih - 
necKHe cecKBMxepneHbi, cooxB excxByiom ne Han- 
aeHHbiM y uBexxa Ophrys. HaMH öbiiiH xaK *e 
H3yneHbr apoM axHbie cyöcxaHHHH H3 >Kejie3bi A*o- 
(j)yp, HMeioujeHCH xojibKO y cbm ok  3 x a  >Kene3a 
öbuia aoB onbH o 6 o jib iu aa  y H3ynaeMbix HaMH 
nxejt. E e  cexpex  cjiyHKHHOHajibHO CBsnbiBaexcn c 
BoaooxxajiKHBaiom eH oö jih u o bk o h  rHe3,na h c e ro  
apOMaXHbIM MäpKHpOBaHHeM.

BblBO.lbl

M optfiojiorm recK H e h XHMHxecKHe CBoficrBa UBexoB 
O phrys  oxjimiaioixiHe hx ox  ztpyrnx , poacxBeHHbix
BHJJOB OpXHjieH, MO>KHO C OCHOBäHHCM CHHTaXb 
a^anxHBHbiMH, npnHHM aa bo  BHHMäHHe pery;m - 
pHocxb b cyuaecxBOBaHHH 3x h x  c b o h c x b  y yrioMH- 

Hyxofi öojibHJOH rp y n n b i opxnxieH O p h ry d o id eae ,
XeCHO CBH3HHHOH C OCOÖOH 3H X O M O raM H eH . LjBeXOK

O phrys  cjie/iyex paccM axpHBaxb xax npH cnocoojia- 
eMbiH UBexoK. B h a h  O phrys  fljifl CBoero onbijieHH» 
npH cnocoöJieribi k HHcxHHKxy KoriyjiauHH y caMUOB 
HeKoxopbix xnnoB  H y m e n o p te ra  A cu lea ta .

X a p a x x e p H a a  ö n o j i o r H f l  o n b i j i e H H a  y  c e M e n c x B a  

O phrys n p e a n a x a e x  c n e x x p  p a 3 J iH 4 H b ix  n o  c n j i e  

CB5I3eH C 4 p e 3 B b I4 a H H O  CneU,HajIH3HpOBäHHbIM  BH- 

flOM O. speculum  H a o ^ h o m  KOHue, H a  a p y r o M  -  

H a H M e H e e  c n e n H a J iH 3 H p o B ä H H b iH ,  n a c x b i o  o n b i J i a -  

eM biH  Eucera  x a c x b r o  —  caMOonbiJi5iK)iH,HHC5i O. 
apifera  a M O K a y  hhm h —  B ce o c x a j i b H b i e  b h ^ h . 
M o>kho o c M e J iH X b c a  c x a 3 a x b ,  4 x 0  b h ü  O. speculum  
H M e e x  oziho e / iH H c x B e H H o e ,  c x p o r o  p e r y n n p O B a H -  

H o e  « c r p a x o B a H H e  >kh3hh», O. apifera  —  flBOHHoe, 

h Bce o c x a j i b H b i e  BHZtbi —  n p o c x n e  «c r p a x o B a i iH H

>KH3HH», O C H O B b lB am m H eC «  Ha HeCKOJIbKO B03M0)K- 

HOCXeH.
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New taxa of Osmitopsis (Compositae)
Kåre Bremer

Bremer, K. 1976 05 06: N e w  taxa  of Osmitopsis (Compositae). Bot. N o tiser  129: 21-24. 
Stockholm. ISSN  0006-8195.

O ne new species and  one new subspecies of the genus Osmitopsis  (Compositae) are 
described. T h e se  are O. glabra Bremer and O. pinnatifida  (DC.) Bremer ssp. serrata  
Bremer.

Kåre Bremer, Institu te  o f  Botany, University o f  S tockholm , L . Frescati, S-104 05 S to ck ­
holm 50, Sw eden .

A  few years  ago I revised O sm itopsis  (Com­
positae) (Bremer  1972), a genus of  eight species,  
confined to the southern and southwes te rn  
districts  o f  the Cape  region in South  Africa.  The  
s tudy was  based on herbar ium material.  This 
was  insufficient  for a definite t r ea tm ent of  the 
infraspecif ic variation within O. pinnatifida  and 
O. afra.  F ro m  August  1972 to J anuary  1973 I 
travelled in southern  Africa and I then had the 
oppor tun i ty  to invest igate these  species in the 
field. In search  for O. pinnatifida  during a two- 
day tr ip to the Klein Drakens te in  and Wem mer-  
shoek M ts  I was guided by Miss Elsie Ester- 
huysen  o f  the Bolus Herbarium.  T h e  result of  my 
field studies  is a new species and a new  sub­
species o f  O sm itopsis  described below. T h e  
me thods ,  terminology and taxonom ic  concep ts  
are in conco rd a n ce  with those in my revision.

Osmitopsis pinnatifida (DC.)  B rem er  ssp.  serrata 
Bremer,  ssp.  nov.

Orig. coll.: Brem er 634, Paarl D iv . ,  W em m ershoek 
Peak, rock  crevices facing SW, 1600 m, 1973 (S holo- 
type).

Illustrations.  Fig. 1; Bremer 1972 Fig. 6 0 - R ,  p. 27.

M ap.  B rem er 1972 Fig. 5, p. 25.

Folia  ±  basaliter serrata (sum m a raro integra); 
dentibus foliorum numero usque ad 18, erecto- 
paten tibus, subulato-triangulatis, ad 3 mm longis, ad

1.8 mm latis, basim foliorum versus gradatim 
minoribus, acu tis-acum inatis .

Pappus squamis brevibus, num erosis , subulato- 
triangulatis, ±  connatis (raro nullis) et squamis ad 2.5 
mm longis, num ero  2-15, subulatis, filiformibus (raro 
nullis).

Leaves  serrate ±  basally (a few upper  leaves 
seldom entire); teeth basally gradually smaller , 
up to 18, erec to -patent ,  subulate-tr iangular ,  0 .5 -  
3 mm long, 0 .1-1 .8  mm wide,  a cu te -acum ina te .

Pappus  o f  many,  short ,  subulate-tr iangular ,  ±  
connate  scales (seldom 0) and 2-15 long scales 
(seldom 0), up to 2.5 mm long, subula te ,  hair­
like.

Flowering period.  Mainly N o v e m b e r - J a n u a ry .

Collections. Paarl Div.: M ts S o f  W em m ershoek ,  in 
wet spots am ong rocks, 4000^)500 ft., 1921, A ndreae  
757 (STE) -  April Peak, W em m ershoek  M ts ,  summit, 
S side in rock crevices, 5000 ft., 1940, E s terhuysen  
4026 (BOL, K, N B G , PR E ) -  T ierkloof, W em m er­
shoek M ts, SE slopes, rocks, 2500-3000 ft., 1940, 
Esterhuysen  4079 (BOL, K) -  W em m ershoek  Peak , 
3000 ft., 1944, Lewis (SAM) -  W em m ershoek  Peak, 
gully on W side, 4000-5000 ft., 1944, Es terhuysen  
1 1335 (BOL) -  W em m ershoek  Peak, rock  crevices 
facing SW, 1600 m, 1973, Brem er 634, 635 (S).

D iscussion. O. p innatifida  has h i ther to  been 
divided into two subspecies,  viz. ssp. pinnatifida  
and ssp. angustifo lia  (Bremer  1972 pp.  24-26). 
T h e  fo rm er is character ized  by serrate -pinnati f id  
leaves with 6-18 leaf-lobes,  if few er  they are
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1 cm leaves

5 cm habit

Fig. 1. H a b it  and leaves o f  Osmitopsis pinnatifida  ssp. 
serrata.

dist r ibuted be low the middle of  the leaf. T h e  
lat ter  subspec ies  is known by its entire or  
pinnatif id leaves with 6 or  less leaf-lobes, which 
are apically o r  evenly distr ibuted.  T h e re  are also 
small d if fe rences  in pappus  struc ture ;  the ray- 
floret pappus  o f  ssp. a n g u s t i fo l i a  general ly 
consis ts  o f  short  scales only,  lacking the subulate 
long scales  character is t ic  o f  the disc-florets  and 
both k inds  o f  f lorets in ssp. p in n a t i f i d a .

Ssp.  p i n n a t i f i d a  was  defined to include plants 
with e i the r  pinnatif id leaves,  i.e. with leaf-lobes 
longer than  the width o f  the central lamina or  
rachis  o f  the leaf  (Bremer  1972 Fig. 6 M - N ,  p. 
27), o r  s e r ra te  leaves,  i.e. with teeth shor ter  than 
the wid th  o f  the rachis  (Fig. 6 O - R ,  loc. c i t .)• 
T h e  rela t ionsh ip  be tw een  the plants with these  
two kinds  o f  leaves was  not  possible to clarify on 
the he rba r ium  material  available.  H o w e v e r ,  
having studied this  species in the field 1 now 
propose  that the plants with serrate leaves 
should be excluded  from ssp. p in n a t i f i d a  and be 
descr ibed  as the new subspecies  s e r r a ta .  T h e  
reasons  for this  are given below.

Before I saw O . p in n a t i f i d a  growing I knew 
very little about  its habitat  requi rements.  In the 
Duto i t s  and Klein D rakens te in  M ts  I found ssp. 
p i n n a t i f i d a  growing in shadow along water  
s tr eam s and  preferably in the sprinkle from small 
waterfal ls .  Miss  E s te rhuysen  informed me tha t  
there  a re  m any  suitable localities in these 
moun ta ins ,  w here  ssp. p in n a t i f i d a  is not u n c o m ­
mon. Th is  a rea  co r responds  to the three

nor thernm ost  localities in Fig.  5 in the revision.  
T h e  inexact  locality indicated by a circle near 
F ranschhoek  might be wrongly p laced,  since 
according  to Miss  Es te rhuysen  suitable localities 
for  ssp. p in n a t i f i d a  are rare near  F ra n s c h h o e k  
and in the W em m ershoek  Mts.

O. p i n n a t i f i d a  ssp. s e r r a ta  was  also searched  
for, in the W em m ersh o ek  M ts ,  where  1 found it 
in a habitat  quite different from that  o f  ssp. 
p i n n a t i f i d a  in the D uto it s  and  Klein D rakens te in  
Mts.  It prefers  crevices of  ra ther  exposed  rocks 
on the higher s lopes o f  the peaks ,  w here  for 
example  tem pera tu re  and w a te r  supply must  be 
significantly different. Fig. 2 gives an idea of  the 
envi ronment.  T h e  distr ibution o f  ssp.  s e r r a ta  
is in the southern W e m m e rs h o e k  M ts ,  which 
cor responds  to the four localities with serrate 
leaves in B rem er  1972 Fig. 5.

In the J onke r shoek  area I s tudied ssp.  a n g u s t i ­
f o l i a .  It occup ies the same habitat  as ssp. 
p in n a t i f i d a ,  viz. shadowy places along water  
s treams,  often near small waterfal ls  and not 
necessari ly on higher al ti tudes.  T h e  distribution 
of  ssp. a n g u s t i fo l i a  is ev ident  from Brem er  1972 
Fig. 5.

Ssp. a n g u s t i fo l i a  seems well es tablished,  but 
are ssp. p in n a t i f i d a  and ssp.  s e r r a ta  not only 
environmenta l  modificat ions o f  the same geno­
type? This  is disproved by the fact tha t  all three 
subspecies have kept  their original leaf-shapes 
during two years of  cult ivat ion in g reenhouses  
under  identical condit ions.  T h u s  the two latter  
subspecies can be regarded as eco types  in the 
classical sense  of  Turesson .  I bel ieve these are 
formally best t rea ted as subspecies ,  especial ly 
since the two eco types  he re  d iscussed  have 
vicarious distributions,  in the  Klein D raken-  
s tein-Dutoit s  Mts  and W e m m e rs h o e k  Mts,  
respectively.  If the dubious  record  of  ssp. 
p in n a t i f i d a  near F ranschhoek  should prove  to be 
correc t  the distribution picture would be less 
clear . H o w e v e r ,  1 would still recognize ssp. 
p in n a t i f i d a  and ssp. s e r r a ta  since they  occupy  
different habitats.  T h e  concep t  o f  subspec ie s  is 
useful not only for geographically isolated but 
also for  environmenta l ly  isolated popula t ions  of  
a species.

Osmitopsis glabra Bremer,  sp. nov.

Orig. coll.: Brem er 640, C aledon  D iv . ,  S slopes of 
mountain betw een Heuningklip and  Highlands F o res t  
Reserve, burnt section, 400 m, 1973 (S holotype).
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5 cm habit

Fig. 2. Southern  W em m ershoek  M ts, the locality for O. pinnatif ida  ssp. serrata, photographed from the south 
with W em m ershoek  Peak, 1766 m, to the right.

Il lus tra tions. Fig. 3; B rem er 1972 Fig. 8 N ,  p. 32.

M ap.  B rem er 1972 M ap 5, p. 21.

Suffrutex glaber, 8-25 cm altus. C aules simplices vel 
ramosi, erecti vel ascenden tes ,  dense foliati, apicem 
versus gradatim  sparsius sic pedunculoides, capitulo 
terminali instructi.

Folia inferiora pa ten tia -squarrosa ,  interdum reflexa, 
parum coriacea , ±  anguste obovata  cuneataque ,  ad 1.5 
cm longa, ad 5 mm lata, acu ta -o b tu sa ;  dentibus 
foliorum num ero  usque ad 24, subulato-triangulatis, 
ad 1 mm longis, ad 0.8 mm latis, acutis-acum inatis . 
Folia superiora  erecto-patentia ,  anguste elliptico- 
oblonga, minora; dentibus foliorum paucioribus.

Involucrum  late cam panulatum , ad 2 cm diametro. 
B racteae involucri 20-45, 2-3-seriatae, oblongae vel 
anguste  elliptico-oblongae, exteriores lanceolatae, ad 7 
mm longae, apice irregulariter serrulatae et parum 
purpureae ,  acu tae -acum ina tae .

R eceptaculum  convexum , paleaceum. Paleae 
obovato-oblongae, ad 5.5 mm longae, apice irregula­
riter se rra tae ,  acu tae-acum inatae .

F lo res  radii 15-30, feminei, steriles. Tubus 
cylindricus-infundibularis.  Lam ina anguste elliptico- 
oblonga, 9-16 mm longa, alba, apice ±  profunde 2- 
lobata. Stylus ad 2.8 mm longus, simplex vel bifidus.

F lo res  disci num erosi,  > 7 5 ,  perfecti. Corolla  grada­
tim sursum  ampliata, 3.2-3.8 mm longa; lobi corollae 
ovato-tr iangulares ,  paten tes .  Stylus corolla paulo 
brevior; rami styli paten tes .  A ntherae  corolla subduplo 
b rev io res ,  appendice apicali ova ta ,  rotundata .

A chaen ia  o b longa-obova ta ,  1.5-2.8 mm longa, 0 .8 - Fig. 3. H ab it  and leaves o f  O sm itopsis  glabra.
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1.5 mm lata, parum tetragona; pappus squamis 
num erosis ,  basaliter ±  connatis , usque ad 1.8 mm 
longis.

A n 8-25 cm high, glabrous suffrutex.  Stems 
simple o r  ramifying, erect  or  ascending,  som e­
what  s tr iate,  densely leafy below,  gradually 
more sparse ly upwards  and thus somewhat 
pedunculoid ,  terminally bearing a capitulum. 
Cor tex  light brown.

L o w e r  leaves spreading-squarrose ,  sometimes 
reflexed at the base and ±  curved  and ascending,  
som ew hat  coriaceous,  ±  narrowly obovate  and 
cunea te ,  0.5-1.5 cm long,  2-5 m m  wide,  a c u t e -  
obtuse,  serrate;  teeth 12-24, subulate-triangular ,  
0.5-1 mm long, 0.2-0.8 mm wide,  a c u te -acu m i­
nate.  U p p e r  leaves different in being erecto-  
patent ,  straight,  nar rowly el liptic-oblong, 0.3-1 
cm long,  0.5-4  mm  wide,  acute,  se r ra te -  
serrulate;  teeth 2-14,  subulate-tr iangular ,  0.2-0.7 
mm long,  0.1-0.5 mm wide,  acu te-acuminate .

Involucre widely campanula te ,  0.6-2 cm wide. 
Involucral  bracts  20-45,  2-3-seriate,  oblong or 
nar rowly  el liptic-oblong, ou te r  lanceolate,  3-7 
mm long,  0.7-3 mm wide,  laterally ±  plane and 
scarious,  apically minutely and irregularly 
dent iculate-serrulate and somew hat  purplish,  
acu te -acum ina te .

Receptac le  convex .  Paleae glabrous,  som e­
what  scarious ,  obovate-oblong,  4-5.5 mm long,
1-1.8 m m  wide,  apically irregularly serrate, 
a cu te -acum ina te ,  ±  persistent .

Ray-flore ts  15-30, female,  sterile, glabrous. 
T u b e  cylindrical -funnel-shaped and gradually 
widening,  1.5-2 mm long, 0.8-1.1 mm  wide. 
Lamina  nar rowly  ellipt ic-oblong,  9-16 mm long,
2-4 mm wide,  indist inct ly 8-15-veined,  apically 
±  deeply 2-lobed. Style 1.5-2.8 mm long, simple 
or  bifid; s tyle-branches up to 1 mm long, 
coheren t  or spreading,  som ew hat  acute;  
s tylopodium 0.

Disc-f lorets  numerous ,  > 7 5 ,  perfect .  Corolla  
gradually widening upwards ,  3.2-3.8 mm long, 
0.7-1.2  m m  wide; corolla  lobes ovate-triangular ,  
0.5-0.8 mm  long, som ew hat  spreading. Style
2.8-3.7 mm  long; s tyle-branches  0.6-1 mm long, 
spreading;  s tylopodium conical ,  short.  Anthers
1.8-2.5 mm long; apical appendage  ovate,  
rounded.

A chenes  o b long -obova te ,  1.5-2.8 mm long, 
0.8-1.5 mm  wide,  som ew ha t  four-edged;  pappus  
o f  many,  up to 1.8 mm long, subulate,  basally ±  
connate  scales.

Flowering period.  Mainly  N o v e m b e r - J a n u a ry .

Collections. Caledon D iv .:  Honingklip, Bot River, 
T ay lo r  5121 (NBG) -  N e a r  Elgin, between G rabouw  
and the Paardeberg , 1947, S tokoe (SAM) -  Palmiet 
River M ts, 1948, S tokoe (SAM) -  Palmiet River Mts, 
O udebosch ,  1952, S tokoe (SAM) -  S slopes o f  mtn 
between Heuningklip and Highlands Forest  Reserve, 
burnt section, 400 m, 1973, B rem er 640 (S).

D iscussion . O. glabra  is closely allied to O. afra, 
f rom which it differs by its foliage. The  leaves 
are quite glabrous,  ±  nar rowly  obovate and 
distinctly serrate along the entire margin. O. afra 
is always  tom en tose  with usually somew hat  
longer and nar row er  leaves;  the teeth  are fewer 
and ±  concen t ra ted  towards  the apex.  
A  compar ison  of  the descr ip t ions  of  both species 
might suggest fur ther  dif ferences of  mainly 
quanti ta t ive nature .  H o w e v e r ,  with the limited 
material available these cannot  be shown to be 
significant.  Since the glabrous  versus the 
tom entose  leaves is the most  obvious difference 
I have chosen  the epithet glabra,  although there 
are o ther  glabrous species in the genus.

In my revision (Bremer  1972) I included the 
material o f  this new species as deviat ing collec­
tions in O. afra (pp. 30-33). With the herbarium 
material available it was  not possible to 
determine w hether  it was occasionally glabrous  
forms or  a separa te  species. N o w ,  having seen 
the actual plants  in the field, I consider  it a no 
doubt  good species. O. glabra  is very cons tan t  
in foliage and grows in considerable  quantit ies  in 
several  localities as seen  from the list of co llec­
tions and M ap  5 on p. 21 in Bremer  1972.

Both O. afra  and O. glabra  have rh izomes,  
from which aerial shoots  may regenerate after 
veld fires. T h u s  they  are often seen in abundance  
in burnt fynbos areas.
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Light and electron m icroscopy have been used to study some species o f  Stephanodiscus  
(Diatomeae) occurring in eutrophic lakes in southern Sweden. T he  sculpturing, processes , 
and areolation have been decisive in the determination o f  species and an attem pt has 
been made to  reach  a new  tentative grouping based on these observations. The discussion 
is chiefly concerned  with Stephanodiscus cistraea (Ehr.) Grun . var. astraea,  var. 
minutulus  (K ü tz . )G ru n .  and var. intermedius  F ricke, S. hantzschii  G run .  var. hantzschii  
and v a r . pusilla  G ru n . ,  S. dubius  (Fricke) Hust. and S. tenuis  Hust.

Hannelore H åkansson ,  Quartärbiologisches L abora tor ium , Tornavägen 13, S-223 63 Lund,  
Schw eden .

Bei den A nalysarbe i ten  mit fossi len Dia tomeen  
ve rsch iedener  Seesed imente ,  sowie  einzelner  
rezente r  P lank tonproben  südschwed ischer  Seen,  
befanden  sich mehrere  S te p h a n o d iscu s -Arten 
mit un te rschiedli cher  S truk tur ,  deren  Best im­
mung recht  schwierig war,  da diese S t ruk tur  oft 
ine inander überging. D a  die m oderne  paleoöko- 
logische F o r sc h u n g  immer s t ä r k e r G e b r a u c h  von 
bes t immten  Ind ikatoren  hat , ist es von Bedeu t ­
ung genaue Best immungen  der  D ia tom een  zu 
machen .  S tep h a n o d iscu s  han tzsch ii  G run .  ist 
zum Beispiel eine Charak te r fo rm  stark 
eu t rophe r  G e w ä ss e r .  S. astraea  var.  m inutu lus  
(Kütz.)  G r u n .  wurde dagegen nur wegen ihres 
isolier ten,  massenhaf ten  A uf t re tens  als 
be sondere  F o r m  beibehalten (Hustedt  1928).

Mit  Hilfe der  Best immungsschlüssel  und der  
in der  L i te ra tu r  befindlichen Abbi ldungen ist es 
oft schwier ig die S tep h a n o d iscu s -Arten  zu be ­
st immen. D ie  Beschreibungen der  meisten Arten  
sind au f  l ich tm ikroskopischen  U n te rsuchungen  
basiert ,  w äh rend  e lek tronenm ik roskop ische  
Aufnahm en  uns noch  feinere Deta i ls  zeigen,  die 
manchmal verwir rend wirken ,  oft aber  unsere 
Augen  be im Sehen  im L ich tm ikroskop  öffnen.

D as  Folgende ist ein Versuch  die im Licht-  und 
E lek t ronenm ikroskop  gem achten  Beob­
ach tungen zu kombinieren ,  um -  falls möglich -  
deutl ichere Un te rsch iede  zwischen den  ein­
fachen Arten  machen zu können.  W ährend  das 
H auptgewich t  früher auf  die Areolie rung  und die 
F o rm  der  Zelle gelegt wurde (z. Beisp. H us ted t  
1930), haben die Ras te r -E lek t ronenmik roskop-  
U n te r suchungen  gezeigt,  dass das V o rh a n d e n ­
sein von Prozessen  wichtige Aufsch lüsse  der 
G a t tung  S tephanod iscus  geben kann (Round 
1970, 1972, Has le  1972, 1974, Low e & Crang 
1972, Sreen ivasa  & D u th i e  1975).

MATERIAL

D as Material besteht aus P lanktonproben des Vom b- 
sees, des B ysees, des Sees Vidöstern und Plankton- 
sow ieG yttjep roben  des Södresees, des Sees T rum m en 
und des V äxjösees.

D er Vomb- (55°42'N, 13°37'0) sowie d er  Bysee 
(55°50'N, 13041 'O) sind eutrophe Seen im Zentra len  
Schonen. D e r  V om bsee  ist 12,4 km 2 gross, d e r  Bysee 
nur 0,14 k m 2. D e r  Berggrund beider Seen besteh t aus 
G ranit  und die losen Erdlager aus Sand o d e r  kalk- 
reicher M oräne. Die pH -W erte des V om bsees  liegen
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A bb. 1. A: Stephanodiscus  tenuis. Detailbild einer Schale. Innenansich t mit den S tü tzenfortsä tzen. -  B: D to . mit 
einem L ippenfortsa tz .  - C :  S. astraea.  Detailbild einer Schale. Innenansicht mit den S tü tzenfortsä tzen  und zwei 
L ippenfortsä tzen . -  D: S. hantzschii.  Innenansicht e iner Schale mit den marginalen S tü tzenfortsä tzen , dem 
Lippenfortsatz und dem  zentralen Fortsa tz .  Sediment des Södresees. -  E: S. hantzschii.  A ussenansich t einer 
Schale. Sedim ent des Södresees. -  F: S. astraea.  A ussenansich t einer Schale mit Stacheln und dem  L ippenfort­
satz, d e r  hier als F o r tsa tz  sichtbar wird. - G :  S. hantzschii. A ussenansich t einer Schale. Sediment des  Södresees. 
-  H: S. hantzschii.  A ussenansich t einer Schale mit den S tacheln und dem zentralen Fortsa tz .  N ich t  un ter  jedem  
Stachel ist ein F o r ts a tz  sichtbar. R ezente Probe des V om bsees .  - 1 : 5 .  hantzschii.  Frustein  und eine Schale mit 
Innenansicht. S tacheln  und Stützenfortsä tze sichtbar. P lanktonprobe des Bysees. -  Prep.: H anne lo re  H å k a n s ­
son; F: G . C ronberg.

Fig. L A :  Stephanodiscus  tenuis. D etailed view o f  interior o f  valve with stru tted  processes. -  B: D o ,  with one 
labiate process. -  C: 5 . astraea.  Detailed view o f  interior o f  valve with stru tted  processes and two labiate 
processes. -  D: 5. hantzschii.  Interior view o f  a valve with marginal s tru tted  processes, labiate p rocess  and
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zw ischen 8 ,7-8 ,8 ; während des W inters können diese M E T H O D E N  
W erte au f  7,6 sinken (Gelin 1971). D er Bysee hat
schw ankende  pH -W eite  zw ischen 7 und 10. Interes- Q je Sedim entproben wurden erst mit 10% HCl be-
sant ist, dass dies nicht nui jahreszeit l iche , sondern handelt, mit destilliertem W asser ausgew aschen ,
auch t iefenmässige Schwankungen sein können, d .h .,  sodann mit 3 0 %  H 20 2 gekocht. D ie  P lanktonproben
dass bei M essungen  von 0,2 m T lefe der pH -W eit 9,8; wurden teilweise unbehandelt analysiert,  dann aber
- f i  ^ i™ ^ ie*e ^ a8e8en 7,5 sein kann (Enell, unver- auch mit 3 0 %  H 20 2 gereinigt. Alles Material ist in

S  I '  . . . . . . . .................................. .......  C lophenharz  (Clophen W + C lo p h en  A 60=5:1) d„ =
j  t  j  F66  eingebettet. Die R aster-E lek tronenm ikroskop

i - 14 50 9, u , Sodresee j  0’ (SEM)- und T ransm issions-E lek tronenm ikroskop2 ? liegen alle im zentralen Teil des Südsma- (TEM)-Bilder wurden am C am bridge-M ikroskop am
ländischen H ochlandes. D e r  Beiggrund besteht aus Zoologischen Institut der U nivers itä t Lund gemacht.
G ran it ,  die losen Erdlager aus hauptsächlich  kalkarmer In der Beschreibung ist die von A nonym ous (1975) 
M oräne. Bis e tw a zur Jahrhundertw ende  waren diese vorgeschlagene Terminologie angew andt worden.
Seen alle oligotroph. D och in jüngeren  Jahren  sind 
durch  V erunrein igungen V eränderungen  sichtbar. D er  
pH -W ert des Sees V idöstern liegt zwischen 6,8-7,4
(Graneli & L eonardson  1974). Im  Södresee liegen die B E S C H R E IB U N G  
pH -W erte  w ährend  der Vegetationsperiode um 7,8-9,7
(Bengtsson et al. 1972, Bengtsson 1974). D er  Växjösee A f r  d d m o r n h o l o n i s r h e n  C h a r a k t e r e  w ie
hat pH -W erte ,  die über 7 liegen, während die pH- A u t U t u n d d e i  m o r p h o l o g i s c h e n  C h a r a K te r e ,  w ie
W erte  im See Trum m en un te r  7 liegen (Digerfeldt F o r m  u n d  A r e o h e r u n g  d e r  S c h a le  u n d  A r t  u n d
1972). Anzahl der Prozesse (Abb. 1 A -D , F) kann eine

v o r lä u f ig e  G r u p p i e r u n g  d e r  S t e p h a n o d i s c u s -
Arten  der  südschwedischen  Seen  aufgestellt
werden:

1. A rten  mit flacher Schale .............................................................................................................................................................. 2
Arten  mit gewölbter Schale .........................................................................................................................................................  3

2. M eh rere ,  regelmässige marginale S tü tzenfortsä tze, ein zentraler Fortsa tz ,  ein L ippenfortsatz, 2-3 A reo len ­
reihen in jed em  Streifen, vor j e d e r  Rippe ein Stachel ............................................................................... S. hantzschii
M ehrere  -  sche inbar ohne Regelmässigkeit -  marginale S tützenfortsätze, kein zentraler F o r tsa tz ,  ein L ippen­
fo rtsa tz ,  2 -5  A reolenreihen in jed em  Streifen, vor jed e r  Rippe ein Stachel .............................................  S. tenuis

3. M ehrere ,  regelmässige marginale S tü tzenfortsä tze,  kein zentraler Fortsa tz ,  ein Lippenfortsa tz ,  2 A reo len ­
reihen in jed em  Streifen -  manchmal nur als kurze, marginale Rippen sichtbar -  vor jed e r  2. oder 3. Rippe ein
Stachel ...............................................................................................................................................................................  S. dubius
M ehrere ,  unregelmässig geordnete  marginale S tützenfortsätze, kein zentraler Fortsa tz ,  ein bis zwei L ippen­
fortsä tze , 2 -4  Areolenreihen in jed em  Streifen, nicht vor jeder  Rippe ein Stachel .............................  S. astraea

Stephanodiscus hantzschii G run .

H usted t 1928, S. 373, Fig. 194; C leve-E uler 1952, 
1. S. 54, Fig. 71.

A bbildungen:  1 D,  E , G - 1 ,  2 B, 4.

Die A re o h e ru n g  ist sehr undeutl ich,  man kann 
jedoch  -  auch  bei kaum verk iese l ten Schalen -  
radiale Rippen  erkennen  (Abb.  1 I). Bei s tarker  
A uf lösung im LM erkenn t  man ebenfalls  
A reo len re ihen ,  die büschelart ig zur Mitte  ge­
ordnet  sind (Abb.  IG ) .  H us ted t  (1928) gibt eine 
G rö ss e  von 8-20 p m .  C leve-Eule r  (1952) hat

beim T y p u s  keine G rösseno rdnung ,  jedoch  hat 
sie bei der  Varietät  delicatulus  A.  CI. eine 
G rösseno rdnung  von 12-29yum gefunden,  die 
V ar ie t ä tpusillus  G run .  hat den D u rc h m e s s e r  von 
4,5-12/um. ln den P lank tonproben  des V om b-  
sees (1968-1974) hat S. han tzsch ii  var. hantzsch ii  
eine G rö ss e  von 4 , 5 - 8 /am.

V orkom m en,  ln j e d em  Frühjahr  hat  S. han tzsch ii  
ein M axim um (im M ärz  oder  Apri l ,  j e  nach der  
Eisschmelze) ,  geht zu rück ,  verschwinde t  abe r  
nie ganz während  des Jahres .  Im Plankton des  
Södresees ,  sowie des Bysees hat auch  S. hantz-

central p rocess .  Sediment from the lake Södresjö. -  E: S. hantzschii.  Exterior view of a valve. Sediment from 
the lake Södresjö . -  F: S. astraea.  Exterior view of valve with spines and external tube. -  G : S. hantzschii.  
E xterior  view o f  a valve. Sedim ent from the lake Södresjö. - H :  S. hantzschii. Exterior view o f  valve with spines 
and central p rocess.  Processes not found beneath all spines. Recent sample from the lake V om bsjön. -  
I: S. hantzsch ii.  F ruste ls  and  a valve, interior view. Spines and strutted processes. Plankton sample from the lake 
Bysjön.
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schii ihr M ax im um  im April.  H ie r  ist sie etwas  
g rösser  ( 5 - 1 2 p m )  und hat eine e tw as  engere ,  
mehr  hyaline Struktur .  Im See T ru m m e n  findet 
man in dem  obers ten Sed imen t (Fe-Gytt ja)  -  
dem verunreinig ten  Teil -  dieselbe kleine S. 
han tzsch ii  wie im V om bsee .

B em erkung .  In dem Material  G r u n o w ’s aus  der  
R abenhors t -S am m lung  (Rabh.-Alg.  Eur.  N .  
1104) sind wie aus Abb.  4 C  und D  hervorgeht ,  
t ro tz  der  schw achen  V erk iese lung  2-3 A re o le n ­
reihen zw ischen  den Rippen zu erkennen .  A uch  
die S tacheln ,  die vor j e d e r  Rippe s tehen sind 
deutl ich zu sehen.

In e inem P repara t  (Ah 8, 3.4.33) vom U n te r s e e  
nennt  H u s t e d t  die dort  v o rk o m m en d e  Stephano-  
discus-Art:  eine kleine S . hantzschii .  D iese 
ähnelt  der  im V o m b s ee  und dem See T ru m m e n  
gefundenen.

M eis te r  fand 1910 im Z ür ichsee  S. han tzsch ii  
var.  ha n tzsch ii  und var.  pusilla.  In seinem 
Preparat  vom  28.4. 1910 haben  beide das gleiche 
A ussehen :  f lache Schalen,  deut l iche Stacheln 
vor  j e d e m  R ippenende ,  grösstentei ls  nur  2 areo- 
lierte Reihen  zwischen  den Rippen,  die oft sehr 
undeut l ich  zu sehen sind. Var.  hantzsch ii  und 
var. pusilla  un te rsche iden  sich nur  grössen-  
mässig.

A u f G r u n d  seines schweize ri schen  Mater ia ls  -  
wo beide G r ö s s e n  nie get rennt  Vorkommen -  
meint  M eis te r  (1912), dass eine A b t ren n u n g  der  
var.  pusilla  von var.  han tzsch ii  nicht ge rec h t ­
fertigt sei.

In P roben  aus  Lappland (II /§m; 26.3. 1965; 
Pyhäjärvi) ,  die Dr.  Tynni f reundl icher  Weise zur 
Verfügung  stellte,  findet sich die etwas  grösse re 
var.  han tzsch ii  (Abb.  4 B).

Stephanodiscus tenuis Hust .

H usted t 1939, S. 583-584, Fig. 3.

Abbildungen:  1 A , B , 2 A , C - I .

Husted t  (1939) gibt eine G rösse  von 8-28 p m  und 
4-5 Areolenreihen .

V orkom m en.  Diese  Art  komm t in allen P lank ton­
proben und Sedimenten der  un tersuchten Seen 
vor. Ein genaues  M axim um ist eigentlich nicht 
e rkennba r  -  sie tritt mehr oder  weniger regel­
mässig in allen monatl ichen Proben  (Vombsee 
1968-1973, Södresee  1974) auf.

B em erkung .  Bei dem Vergleich mit H usted ts  
Material  aus der  O ch tum  bei Bremen (Hust.  
Koll. Prep .  Ah 49) ist eine deutliche Ü b e re in ­
st immung mit der im Södresee  gefundenen S. 
tenuis  zu sehen.

Stephanodiscus dubius (Fricke) Hust .

H usted t 1928, S. 367-368, Fig. 192; Cleve-Euler 1952: 
I , S .  52-53, Fig. 69.

A bbildungen:  3 E - G ,  5.

Hus ted t  (1928) gibt für  S. dubius  eine G rösse  von 
10-25 p m  an, C leve-Eule r  (1952) 10-30/xm.

V orkom m en.  Im Plankton des Sees Vidös tern ist 
S. dubius  im Mai vert re ten .  Bei den monatlichen 
Planktonproben des V om bsees  findet man sie in 
allen Proben  -  im H erbs t  werden  zwar die 
F orm en  kleiner.

A bb. 2. A: A us  einer Sedim entprobe des Södresees . S. tenuis. LM. -  B: P lanktonprobe vom April 1970 aus dem 
V om bsee . S. hantzschii.  LM. -  C: S. tenuis.  A ussenansich t e iner Schale mit 3-4 Areolenreihen. Sediment aus 
dem Södresee .  - D :  5. tenuis.  A ussenansich t e iner Schale mit langen und kurzen Stacheln und 2 Areolenreihen 
zw ischen j e d e r  Rippe. Sedim ent aus dem Södresee. -  E: D to . ,  aber mit 3 A reolenreihen zwischen jed er  Rippe. -  
F: S. tenuis.  Innenansicht e iner Schale mit 4-5 A reolenreihen, den S tützenfortsä tzen und dem Lippenfortsatz. 
Sedim ent aus  dem  Södresee. - G :  D to . ,  mit 2-3 A reolenreihen. Sediment des Sees Trum m en. -  H: S. tenuis. 
Zwei b en ach b ar te  Schalen, die mit Hilfe der S tacheln  aneinanderhäften. P lankton des Södresees. -  I: D to . 
Detailbild. -  A -B :  Schale 2 0 /xm. -  LM -Photo  und Prep.: H annelore H åkansson.

Fig. 2. A: Sed im ent sample from  the lake Södresjön. S. tenuis. LM. -  B: P lankton sample from the lake Vom b- 
sjön, April 1970. S. hantzschii.  LM. -  C: S. tenuis.  E xterior  view of a valve with 3-4 rows of areolae. Sediment 
from the lake Södresjön. - D :  S. tenuis.  Exterior view of a valve with long and short spines and 2 rows of areolae 
betw een every  costa. Sedim ent from the lake Södresjön. -  E: Do, but with 3 rows of areolae between every 
costa. -  F : S. tenuis.  In terior view o f  a valve with 4-5 rows of areolae, s trutted processes and labiate process. 
Sedim ent sam ple from the lake Södresjön. - G :  D o ,  but with only 2-3 rows o f  areolae. Sediment sample from 
the lake T ru m m en .  -  H: S. tenuis.  T w o  adjacent valves kept together with the help o f  spines. Plankton sample 
from the lake Södresjön. -  I: D o ,  in detail. -  A -B :  Scale 20 p m .
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Stephanodiscus astraea (Ehr. )  Grun.

H usted t  1928, S. 368-370, Fig. 193; C leve-Euler 
1952: I, S. 53, Fig. 70; van der W erff & Hulst 1961, 
C .A  1 c. 13.

A b b i l d u n g e n :  1 C, F ,  3 A - D ,  5.

H u s ted t  schreib t  (1928), dass sie 3 0 -7 0 g m  gross 
sind,  C leve-Eule r  (1952) nennt  die G r ö s s e n ­
ordnung  8-70 /xm. H us ted t  möchte die kleinere 
D ia tom é  (8 -3 0 /xm) gern als var.  m in u tu lu s  
( , ,m i n u t u l a “ ) bes tehen lassen,  da sie zuweilen

isoliert und massenhaft  vo rkomm t.  Cleve-Euler  
hat als U n te r sch ied  zwischen  S .  a s t r a e a  var.  
a s t r a e a  und var. m i n u t u l u s  den unte rsch ied­
l ichen V er lau f  der  Areolenre ihen  angegeben.  Bei 
der  V ar ie tä t  a s t r a e a  gehen die Areolenreihen  
gegen das Z en t rum  in Einzel re ihen über und bei 
var. m i n u t u l u s  bleiben sie unsort ier t .  Van der  
Werf f  & Huls t  (1961) geben in ihren Abbildungen 
eine genaue  Abbildung von S .  a s t r a e a  var.  
a s t r a e a  -  nur  eben kleiner.

N a c h  H en d ey  (1964) müss te  diese Art  S.

Abb. 3. A: S. astraea.  A ussenansich t einer Frustel mit unregelmässig 
sortierten Areolenreihen zum Zentrum . -  B: D to . jedoch  mit regelmässig 
sortierten Areolenreihen zum Z en trum . -  C: S. astraea.  Innenansicht 
e iner Schale mit regelmässig sortierten A reolenre ihen  zum Zentrum . -  
D: Dto. mit unregelmässig sortierten A reolenreihen zum Zentrum . -  
E: S. dubius.  A ussenansich t einer F rustel.  -  F: S. dubius.  Innenansicht 
einer Schale mit einem Lippenfortsatz. -  G : S. dubius. D urch die 
„B a lk e n “ sind die von aussen sichtbaren Areolenre ihen  zu sehen. -  
Prep.: H annelore H åkansson .

Fig. 3. A : S. astraea.  E xterior view o f  a frustule with unsettled rows of 
areolae. -  B: Do, but with settled rows o f  areolae. -  C: S. astraea.  
In terior view of a valve with settled rows of areolae. -  D: D o, with 
unsettled rows of areolae. -  E: 5. dubius. Exterior view of a frustule. -  
F: S', dubius.  Interior view of a valve with one labiate process. -  
G : S. dubius.  T hrough the “ b ea m s”  the rows of areolae can be seen.
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A bb. 4. S tephanodiscus  hantzschii.  A: T E M  22300 x. -  B: Dr. Tynnis  Material.  LM . -  C -D :  Material aus der 
R abenhors t  Sammlung. Material from t'ne R abenhorst  Collection. LM. -  B-D: Schale 20 /xm. Scale 20 /xm. -  
LM -Photo und Prep.:  Hannelore H åkansson .
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Abb. 5. E ine  P lanktonprobe aus dem  V om bsee  mit Stephanodiscus astraea  und 5. dubius.  L M . -  Plankton 
sample from the lake Vom bsjön with S. astraea and S. dubius. LM.

rotula  (Kütz . )  H endey  heissen.  Wie aus der 
B eschre ibung  (op.cit . ) hervorgeht ,  hat  S. rotula  
vor j e d e r  R ippe  einen Stachel ,  was S. astraea  
je doch  nicht hat.

V orkom m en .  Vereinzelt  kommt S. astraea  var. 
astraea  in allen Proben vor  -  oft handelt es  sich 
dabei  u m  die kleineren F o rm en  (um etwa 20- 
25/jcm). Im Plankton des V om bsees  sind die 
grösseren  F o rm en  -  e twa 3 5 -6 3 /xm -  während 
des ganzen  Jah res  zu verzeichnen.

B em erku n g .  D a  bei dem un te rsuchten  Material 
S. as traea  mit G rössen  zwischen 8 und 7 0 fim 
mit sor t ie r ten  und unsort ier ten Areolenre ihen  
zum Z e n t r u m  (Abb.  3 A - D )  mehr oder  weniger 
regelmässig  in allen P roben gefunden wurden ,  
scheint  eine  A b trennung  der var. m inutu lus  von 
var. astraea  nicht gerechtfertigt zu sein.

D as  Orig inal -Material  von S. astraea  var.  
in term ed ius  F r icke  (A. S. Atlas Taf.  225, Fig. 
37-39,  1901) konnte  leider nicht zum Vergleich 
erhal ten  w erden .  In H e lm cke  & Krieger (1964)

Taf.  421, wird eine S. astraea  var.  intermedius  
abgebildet ,  die sich -  wie aus der  Beschreibung 
hervorgeht  -  nur durch  G rö ss e  und dichtere 
S truktu r  von S. astraea  unte rscheiden  soll. Sie 
hat ausserdem  vor j e d e r  Rippe einen Stachel.

DISKUSSION

N a c h  den hier gemachten  Beobachtungen ,  ist es 
t rotz allem nicht einfach eine sichere Artbes t im­
mung zu machen .  Viele Dinge scheinen noch 
weiteren  U nte r suchungen  zu bedürfen;  so z. 
Beisp. :

Sind die F o r t sä tze  und Lippenfortsätze nur an 
e iner  Schale oder  an beiden? Diese Frage  wird 
gerechtfertigt,  wenn man die Taf.  21 und 22 und 
Taf .  116 in H e lm cke  & Krieger (1953-54) mit den 

(Taf .  751 und 752 (1974) vergleicht .  Ersteren 
fehlt der  mittlere Prozess .

ln  wieweit  ist eine Variat ion dieser  For tsä tz e  
und L ippenfor tsä tze  betr.  Anzahl  und Aussehen
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möglich? In H e lm cke  & Krieger (1974), Taf .  751, 
752, und 753 sind f lache und gewell te Frustein  
von S. han tzsch ii  abgebildet .  Die f lachen -  und 
auch  kle ineren  F orm en  -  haben einen zentralen 
Prozess ,  die gewell ten -  und grösse ren  F o rm en  -  
haben  m ehre re  zentrale Prozesse .  (Taf. 751 und 
752 zeigen eine deutl iche  Übere ins t im m ung  
mit Abb .  4 A).

Die m e h r  oder  weniger s tarke  Verkieselung 
(vgl. A bb .  1 E, G ,  I) und damit die Deutl ichkeit  
der  A reo h e ru n g  zu kennze ichnen ,  ist von 
anderen  F ak to ren  abhängig und kann nicht das 
K ennze ichen  einer Ar t  sein. Im Bysee verändert  
sich gerade  die Deut l ichke it  der  A reohe rung  
innerhalb kurzer  Zeit.  H us ted t  (1957) meint  
zwar ,  dass  gerade die Zar thei t  der  S t ruk tu r  das 
un te rs che idende  Merkmal  zwischen  S. h a n tz ­
schii  und S. subtilis  (van G oor )  A.  C leve-Eule r  
sei. Leider  war es nicht möglich das Material  
von van G o o r  zum Vergleich zu erhalten.

Die  Länge  oder  Dicke der  Stacheln kann auch 
als aussch laggebendes  M erkmal  nicht  verwandt 
werden ,  da  kü rzere  oder  längere Stacheln an ein 
und derse lben  Schale Vorkommen können.  
Dieses schein t  von chemischen  oder  m echan i ­
schen  A b nu tzungen  anhängig zu sein (Abb.  2 D -  
E).

D ass  6 J ah re  h in te re inander  im Plankton des 
V o m b s e e s  nur  die kleine S. han tzsch ii  m a ss e n ­
haft im F rü h ja h r  auftritt,  dafür  hat N ip k o w  bei 
seiner  U n te r s u c h u n g  im Zür ichsee  (1921) eine 
E rk lä rung  gegeben.  N ach  ihm vollzieht sich im 
Z ür ichsee  alle 2-8 Jahre  ein Ver jüngerungs­
prozess.  D a b e i  kann der Scha lendu rchm esse r  bis 
zu 28 f u n  ansteigen.  Leicht  wäre  es, w enn  S. 
tenuis  mit  2-3 Areolenreihen  als V er jüngerungs ­
schalen d ie ser  kleinen Art  angesehen w erden  
könnte .  H ie r  fehlt jedoch  der mittlere For tsa tz .

N icht  weniger  wichtig ist wohl die Frage,  
welchen Einfluss die versch iedenart igen  
G e w ä s s e r  a u f  die Entwicklung und das A ussehen  
der einze lnen D ia tomeen  haben.  Beruht  z. 
Beisp. de r  geringe U nte rsch ied  zw ischen  S. 
han tzsch ii  des  V om bsees  und  des Bysees  darin 
dass der  Bysee  einen grösseren  Phosphorgehal t  
hat (C ronberg  und Enell unveröffent l . )?

Von g ros se r  Bedeutung ist daher  das  Studium 
des A u s s e h e n s  der  einzelnen D ia tom een  un te r  
ve r sch iedenen  Milieuverhäl tnissen,  damit  sie als 
Ind ika tor  z. Beisp. in der  Geologie angewandt 
werden  können .
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The correc t name o f  one of the w idespread tropical wild and cultivated M orning Glories is 
determ ined to be Ipom oea  indica  (Burnt.) Merrill, based on Convolvulus coeruleus  
Rumphius. This  is lectotypified by Convolvulus indicus flore  violaceo  Besler, Hort. Eyst. 
Or. 13 Fo l.  8 figure 2, 1613. T h ree  varieties o f  this species are distinguished and the 
com bination, Ip o m o e a  indica var. acum inata  (Vahl) Fosberg , made.

F. R a y m o n d  F o sb erg , D epartm en t  o f  B o tany ,  Sm ithsonian  Institution, W ashington, D.C.  
20560, U .S .A .

T w o  of  the com m on large-flowered,  often 
cult ivated tropical  Ip o m o ea  species  are cha ra c ­
terized by lanceolate or  lance -acuminate  sepals  
about  1.5 to 2.5 cm long. T h e y  are readily dist in­
guished,  though most o f  the charac te rs  that  
separa te  them are really not very  constan t .

O n e  of  th em  is Ip o m o ea  nil (L.) R o th ,  with,  as 
cons tant  features ,  lanceolate but not  or  only 
slightly acum inate  sepals  with stiff straight 
patent  hairs on the basal parts  o f  the sepals.  It 
usually but not always,  has prominently  tri lobate 
leaves. T h e re  have been ra the r  few difficulties 
with the nomencla ture  o f  I. nil except  for 
occasional  confusion with the o the r  species 
under  discussion.

T h e  second species is com m only  called 
Ipom oea  indica  (Burm.)  Merrill ,  Ipo m o ea  
congesta  R.  Br.,  Ip o m o ea  insularis  (Choisy) 
Steud. ,  or,  if interpre ted very broadly ,  Ipo m o ea  
acum ina ta  (Vahl) R. & S. or  I. cathartica  
(Poir.) Steud.

I first learned,  in Hawai i ,  to call this plant 
Ipo m o ea  insularis. T h e n ,  mainly on the basis  of  
Merri l l ’s authori ty bu t  also on a very  cu rsory  
examinat ion o f  the plate that it seemed 
ult imately to rest on,  tha t  of  C onvolvulus  indicus  

f lo re  violaceo  Besler,  H o r tu s  Eyste t tens is  
Classis  Aest ival is  Ordo 13 Fol .  8, II, 1613,1 took 
up I. indica  (Burm.)  Merr .

In all o f  my Micrones ian work  1 have used 
I. indica  without  serious ques t ion ,  in the face of  
more  general  use o f  Ipom oea  congesta  R. Br.  on 
the st rength o f  van O o s t s t ro o m ’s authori ty.  H e  
rejected I. indica  as of  doubtful typif icat ion,  but 
withou t  a detailed discussion.

In recen t  years van O os ts t room  has taken  up 
Ip o m o ea  acum ina ta  (Vahl) R. & S. 1819 (non 
R. & P. 1799) for  this species,  advising E.  H.  
W alker  (in litt.) tha t  this was the correc t  and 
older  nam e ,  accep table since the earl ier  I. 
acum ina ta  R. & P. is illegitimate. I s trongly 
ques t ioned  this,  s ince an earlier  hom onym  
preven ts  the use of  a later  one even though the 
earl ier  one is il legitimate (ICBN Art .  64). H o w ­
ever ,  on the basis of  this I have taken  occasion 
to re-examine the entire matte r  before pub lica­
tion of  the Convolvu laceae  for  the F lo ra  of  
Micrones ia ,  especial ly since all o f  the recent  and 
cur ren t  principal  exper ts  on Convo lvu laceae  
reject Ip o m o ea  indica. T h ey  do not ques t ion the 
priority of  the epithe t  indica, but  do ques t ion its 
applicat ion to the plant in quest ion and w he the r  
it can  be sat isfactorily typified (van O os t s t room  
1940 pp.  500-503,  O ’Donell 1959 pp.  134—139, 
V erd co u r t  1957 p. 231, Austin 1975 a p. 192, 
Powell  1975, Aust in  1975 b).

Merril l ,  in taking  up C onvolvulus indicus  
Burman  and transfer r ing it to Ip o m o ea  merely
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said that R u m p h i u s ’ C onvolvulus coeruleus  is 
the entire basis  o f  the Burman species and that 
its descript ion fits the plant in quest ion bet ter  
than it does  the o ther  possibility,  Ipo m o ea  nil.

Examinat ion  o f  the Rumphian  trea tment 
shows that  Rumphius  did not prepare a plate of  
this species,  saying that it is already well enough 
known.  His  b r ie f  descript ion is not at all 
diagnostic and does  not provide  any basis for 
applying the  name to any particular species.  
H ow ever ,  the protologue also includes five 
abbrev iated  references  to earlier publications:

“ H. Eyst. A est.  O r.  13 F  2.
Boerh. Ind. part. I p. 246.
W einm annus in opera  sua Botanico . . .  Tab . 414, 415. 
Dillenius, H o rt .  E ltham . 96, T .  80, f. 91, T  82, 83, 84. 
Hortus Cliffortianus p. 67.”

O f  these,  the Boerhaave  Index  al tera part.  I 
p. 246 gives only a polynomial and ci tations, no 
plate. L innaeus ,  in H or tus  Cliffort ianus,  like­
wise gives no plate of  this species but gives 
a long list o f  ci tat ions of  earlier  works.

T h e  W ein m an n u s  plates port ray  a Morning  
Glory  with sol itary f lowers on long pedicels 
which suggests  precisely no plant familiar to me.

T he  four  Dil lenius plates ci ted by Rumphius  
have been cons idered  by Verdcour t  (1957 pp. 
232-233) and,  according  to him, also by van 
O os t s t room ,  in the typif icat ion of  several 
Ipom oea  spec ies  o f  this relationship.  O f  these 
plates,  the first ci ted,  80 fig. 91, could be the 
species under  cons idera t ion so far as the vegeta­
tive parts  and the calyx are concerned .  H o w ­
ever,  its corolla  is not at all that o f  this species, 
being deep ly  5-lobate with den ta te  lobes. M ore ­
over ,  it has  been  suggested by van Oosts t room 
(according to V erdcou r t ,  loc. cit.) as a lectotype 
for  C onvo lvu lus  nil L. ,  which it resembles  p e r ­
haps as much .  It is clearly not a good choice as 
lectotype for  the  Rumphian  or  Burman species.

Plate 82 fig. 94 looks like what  is usually called 
Ipom oea  h ederacea  Jacq .  Plate 83 fig. 95 is a 
reasonable  l ikeness of  Ipom oea  obscura  Ker-  
G awle r .  V e rd c o u r t  suggests  the selection of  
Plate 84 fig. 97 as lec totype of  Convolvulus  
purpureus  L.  and  it does look much like what  is 
cul t ivated under  tha t  name.

N o n e  o f  the Dillenius plates seems suitable as 
lecto type for Convolvulus coeruleus  Rumphius  
and they need  not  be cons idered further .

Finally,  in the Besler,  H or tus  Eyste t tensis  
plate,  r a the r  imperfect ly ci ted,  figure 2 is

Besle r ’s C onvolvulus indicus f lo re  vio laceo  
which is our  w idespread  Indo-Pacif ic  plant with 
little doubt ,  con t ra s ted  on the same plate with 
an excellent  figure o f  Ipo m o ea  nil, with the 
terminal  parts  o f  the two som ew hat  intertwined.  
T h e  plant  under  discussion is well por t rayed ,  
with entire leaves,  large corollas,  the  only 
discrepancy being in the looser,  fewer- f lowered 
inflorescence.  T h e  sepals  are precisely those  of  
our  plant.  T h e  stigmas are two,  globose.  T h e  
descrip t ion,  also,  fits except  for the violet color , 
and the color ,  as  seen on various Pacific Is lands,  
does becom e  violet to pink in the afte rnoon.  T h e  
pubescence  is described as “ tenui ter  h i r s u ta , ” 
the seeds  as “ terno vel qua te rno  semino nigro 
subro tundo  parum angu loso .”  It is also stated 
“ A nullo ad hue desc r ip tu s . ”

A s  no-one seems to have chosen  a lectotype  
for C onvolvulus indicus  Burm.  out  o f  the 
elements  available in the proto logue o f  C o n ­
volvulus coeruleus  Rum ph . ,  1 hereby  des ignate 
C onvolvulus indicus f lo re  violaceo  Besler,  H or t .  
Eyst .  Aes t .  Or.  13 Fol .  8 figure 2, 1613. Th is  will 
p reserve  Merri l l ' s  use o f  Ipom oea  indica  
(Burm.)  Merr .  for  the widespread  Indo-Pacif ic 
species,  and end the confusion in the identity of 
this species.

T h e  names  Ipo m o ea  congesta  R. Br. and 
Ip o m o ea  insularis  (Choisy) Steud.  seem also to 
apply to this same plant ,  but  are later  taxonomic  
synonyms.

T h e  name Ipom oea  acum ina ta  (Vahl) R.  & S. 
remains  to be considered.  T w o  quest ions  arise.  
Is its bas ionym illegitimate as a later  hom onym  
of  Convolvulus acum ina tus  R. & P.? If  not ,  is its 
type conspecif ic  with the Indo-Pacific  plant 
d iscussed above?

(1) Ruiz and Pavon,  FI. Per .  et  Chil .  2: p. 11, Ic. 
C X X ,  fig. b, 1799, descr ibe their  plant in great 
detail and illustrate it very  well, with analyses.  
In the text  on page 11 it is called Ipom oea  
angula ta  Ortega ,  with the note under  the refer ­
ence  to the plate “ acuminatae  n o m i n e . " T h e t i t l e  
o f  the figure, Ic. CX X  fig. b,  is Ipo m o ea  
acum ina ta .  The  figure is o f  a small-f lowered 
plant with a ra ther  salverform corolla that 
according to the descript ion has a scarlet limb, 
“ l imbus c occ ineus .”

It seems clear  that when the plate was drawn 
Ruiz and Pavon intended to call their plant 
Ip o m o ea  acum ina ta ,  but  tha t  by the t ime the text
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was prepared  they decided that  it had already 
been  named Ipom oea  angula ta  by Ortega.  
H e n c e  they  did not accept  their  Ipom oea  
acu m in a ta ,  though they did not remove it from 
the plate. A nam e not accepted  by its au thors  is 
not val idly published (Art.  34 (1)), so for 
nomencla tu ra l  purposes  does  not exist .  H en ce  it 
is, technical ly,  not an earl ier  hom onym  of 
Ip o m o e a  acum ina ta  (Vahl) Steud.

(2) C onvolvu lus  acum ina tus  Vahl  was based  on 
a plant col lected by West  on St. Croix ,  Virgin 
Is lands ,  W es t  Indies. Its descript ion cal ls for a 
plant  with tri lobed glabrous  leaves,  the stems 
and inflorescences glabrous  or  a lmost  so. 
F o r tuna te ly ,  though I have  not  seen the West  
spec im en,  the re  are in the U.S .  National  
H e rb a r iu m  two specimens  from St. Cro ix ,  Rick- 
secker  103 and 220, that  precisely fit the Vahl 
descript ion .  T he re  are also a large series o f  West  
Indian spec imens  that are the same excep t  that 
the re  is cons iderable  variabili ty in the lobing of  
the leaves. M ost  are lobed,  but  to varying 
degrees,  some entire or  nearly so. T h e  plant  does 
resemble very  strongly the Indo-Pac i f ic / .  indica 
excep t  that  the lat ter  is almost  always notably 
appressed  pilose. A local populat ion,  var. 
h o sa ka e  F osb .  on T ru k  in the Carol ine  Islands,  
is a lmost  glabrous with hastate- tr i lobate  leaves 
and a more  than usually open inflorescence.  The  
lobing of  the leaves of  Ip o m o e a  acum ina ta  
(Vahl) R. & S. is almost  exactly  as in Ip o m o ea  
nil (L. )  Choisy ,  with no tendency  to a hastate 
base.

It would  be convenient  to maintain the Amer ican  
popula t ion as a separate species,  but the s ep a ra ­
tion is w eak ,  and none of  the differences are 
really constan t .  So the best course  seems to be 
to trea t  this and I. indica  s. str. as varieties  of  
one  species.  N e i the r  is complex  enough tojust ify 
set t ing up subspecies  (Fosberg  1942 pp. 154— 
157).

Th e re fo re  the t axonom y and essential  syno­
nym y of  Ip o m o ea  indica  are as follows.  Spec i­
m ens ,  except  the types,  are not  ci ted as this 
paper  is essentially on nomenclature .

Ipomoea indica (Burm.)  Merr .

Merrill, Int. Rumph. H erb. Am boinense 445, 1917; 
F o sberg ,  M icronesica 2: 151, 1967.

Convolvulus indicus f lo re  violaceo  Besler, Hort. 
E yste tt .  A est.  O rd. 13, Fol. 8, II ,  1613.

Convolvulus coeruleus  Rum phius, H erb . A m b. 5: 
432, 1747.

Convolvulus indicus B urm ., in Rum ph. Herb. 
A m boinense, Index Universalis 7: (6), 1755.

Convolvulus roseus  M ill. , G a rd .  Diet. ed. 8, no: 18, 
1768 (non Ipom oea  rosea  C hoisy , 1845).

Convolvulus acum inatus  Vahl, Symb. Bot. 3: 26, 
1794.

ip o m o ea  congesta  R. Br., Prodr. 485, 1810; van 
O osts troom , Blumea 3: 500-503, 1940; O ’Donell, 
Lilloa 29: 134-139, 1959.

Ipom oea  cathartica  Poir. in Lam ., Encycl. Suppl. 4: 
633, 1816; Britt. & Wils., Sei. Surv. P. R. & Virgin Is. 
6: 112, 1925.

Ipom oea  acum inata  (Vahl) R. & S., Syst. Veg. 4: 
228, 1819.

Pharbitis insularis Choisy, Mém. Soc. Phys. G eneve  
6: 439, 1833.

Ipom oea insularis (Choisy) S te u d . , N om . Bot. ed. 2, 
1: 817, 1840.

Ipom oea  leari Knight ex Paxton, Mag. Bot. 6: pi. 
267, 1839.

Twiner ,  leaves corda te ,  ent ire to prominently  
tri lobate,  peduncles  axillary,  exceed ing leaves,  
;with a small dichasial clus te r  of  subsessi le  to 
pedicel late t lowers at summit ;  bracts  l inear  to 
lanceolate or  ovate-lanceolate;  f lowers diurnal;  
sepals  lanceolate,  cauda te  acuminate,  to 2.5 cm 
long; corolla nar rowly  campanula te ,  l imb flaring, 
about  8 cm long; s tamens  unequal ,  inc luded in 
throat;  st igmas 2, globose;  capsule  globose,  
seeds black,  glabrous.

Pantropical ,  usually a coastal  plant ,  less f re ­
quently inland and then up to some elevation 
especially on l imestone.

Ipomoea indica (Burm.)  Merr .  var. indica

Type: Besler, H ort .  Eyst. Aest. Ord. 13, Fol.  8, II, 
1613.

Ipom oea  congesta  R. Br. loc. cit. -  T ype:  E n d e ­
avour River, Banks & Solander in 1770 (BM).

Ipom oea  insularis (Choisy) S teud., loc. cit. -  Type: 
syntypes from various Pacific islands, including 
M arianas and Sandwich Is , coll. G au d ichaud , not 
lectotypified.

Plant general ly notably appressed  pilose,  leaves 
mostly entire,  cordate at base,  f lowers  blue,  
turning violet and pink in afternoon.

A white form is known from G u a m  and  the 
R yukyus ,  f. albiflora  Stone,  M icrones ica  2: 139, 
1967. Type:  Marianas  Is: G u am :  H arm o n  
Village, Stone  4729 (GUAM).

Indo-Pacific ,  from at least as far  west  as 
Ceylon to Tahit i  and Hawai i ,  north to R y u k y u  Is 
and Marianas .  A pract ical ly indist inguishable 
form occurs  from M exico  to Brazil and  Argen-
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tina, differing principally in the more commonly 
lobed leaves. T he re  seems no sat isfactory way to 
distinguish it and it is here  considered to belong 
to var. indica.

Ipomoea indica var. hosakae  Fosberg

Fosberg, M icronesica  2: 151, 1967. -  T ype: Caroline 
Is, T ruk: M oen Island, M t T akeum , 700 ft, Hosaka 
2713 (US).

Leaves  essential ly glabrous,  s trongly hastate,  
t r i lobate;  inf lorescence  ra ther  open ,  pedicels 
1-1.5 cm long.

So far as know n ,  a local populat ion endemic to 
the T ru k  group o f  is lands in the central  C a ro ­
lines.

Ipo m o ea  indica  var.  variabilis  (Schlecht .  & 
C ham .)  L. Wms.  (Convolvulus variabilis  
Schlecht .  & C h am .  1830 p. 116) is said to  belong 
to this species,  but all bu t  one of  the shee ts  so 
determined  by Williams in the U .S .  N ational  
H erba r ium  seem to be Ipom oea  nil (L.)  Roth,  
the o the r  being probably  a form o f  var. 
acum ina ta  with som ew hat  has tate leaves.  Study 
o f  the original descr ipt ion  of  C. variabilis  shows 
it not to have the character i s t ic  large lanceolate 
sepals o f  the species under  discussion.  T h i s  says 
in part ,  “ Sepala elliptica, brevit e r  mucrona to -  
acuminata ,  subglabra; exterio ad marginem ciiiis 
longis pa ten tibus  in s t ruc ta . ”  With this kind of  
calyx it probably  belongs to nei ther  Ipo m o ea  
indica  nor I. nil.

Ipomoea indica var . acuminata (Vahl) Fosberg,  
comb. nov.

Convolvulus acum inatus  Vahl, Symb. Bot. 3: 26, 1794. 
- T y p e :  Coll. W est, St. C roix , not seen.

Ipom oea  cathartica  Poir. in Lam., Encycl. Suppl. 4: 
633, 1816. -  T ype:  Coll. Poiteau, Santo Domingo, not 
seen.

Ipom oea  acum ina ta  (Vahl) R. & S., Syst. Veg. 4: 
288, 1819.

Plant nearly or  essentially glabrous;  leaves 
cordate at base ,  blade usually deeply tri lobed,  
lobes acuminate ;  sepals glabrous.

Th roughou t  the West  Indies,  Mex ico  and 
Central  Amer ic a ,  nor thern  South Amer ica,  not 
sharply separab le from var.  indica.

There  seems to be no varietal  epi thet  available 
that clearly applies to this populat ion. Ipom oea  

ja m a ic en s is  var .  glabrata  Gr iseb .  (1862 p. 474) is 
cited by Brit ton and Wilson (1925 p. 112), in the 
synonymy o f / ,  cathartica  Poir. (= / .  acum inata  
(Vahl) R. & S.). G r isebach  based this on 
Descour t i lz  (1822 t. 137). Examinat ion of  this 
plate,  cour te sy  o f  C.  R.  Long,  librarian o f  the 
N e w  York  Botanical  G a rd e n ,  shows tha t  it is an 
entirely different plant,  probably actually a 
glabrate variety of  /.  ja m a ic en s is  with a swollen 
corolla tube.
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Using  the term in its widest  sense the inflores­
cences  o f  the M aran taceae  have mostly been 
te rm ed  panicles or  panicles co m p o sed  of  
racemes .  In revising the genus  Ischnosiphon  
K o e rn . ,  I have found that  these  te rms do  not 
serve to adequately express  the variat ion in 
habit  which is of ten o f  grea t  ta xonomic  
impor tance .

Whi le inflorescences o f  the M aran ta ceae  are 
fundamenta l ly quite uniform almost  every  
structura l  element is subject  to major  or  minor 
variat ion at different taxonomic  levels. This 
variat ion has already been used  a great deal in 
the taxonomic  t rea tm ent of  the family (see e.g. 
Schum ann  1902, L o esen e r  1930), but a precise 
te rminology based on a dist inction o f  the 
structural  elements and their  homologies would 
great ly ex tend the possibilities.

The  aim of  this pape r  is to outl ine the funda­
mental  features  of  the m aran taceous  inflores­
cence  and to propose  a descrip t ive  terminology.
I have  found the terminology o f  Troll  (1964 pp. 
145 et seq.)  suitable for  this purpose  (for a 
sum m ary  in English see Weber l ing  1965) but  
have tried to change  the terminology used in 
earl ier  taxonomic  l i terature as little as possible.  
I have  included a brief  discussion o f  te rm s  used 
by previous  authors.

M ATERIAL AND METHODS

M y experience of the M aran taceae  lies mainly with 
the South A m erican genera, in particular Ischnosiphon  
K oern . but also Calathea  G .  F. W. M e y . ,M aranta  L ., 
M o n o ta g m a  S ch u m ., S trom an the  Sond. and Thalia L.

T h e  major branching system has been studied in 
herbarium  specimens and live material d issected in the 
field. All neotropical species represented  in S have 
been  investigated.

F lo rescence  com ponents  have been studied under a 
d issection microscope using softened herbarium 
material and material collected in the field and 
preserved  in alcohol or K a rp esch en k o ’s fluid. I have 
studied c. 500 florescence com ponents  of 
Ischnosiphon  and material from one or a few plants of 
each  o f  the species in o th e r  genera included in the 
investigation, viz. Calathea  (4 spp.), Cominsia  Hemsl. 
(1 sp.), Ischnosiphon  (c. 20 spp.), Maranta  (3 spp.), 
M onophryn ium  Schum . (1 sp.), M onophyllanthe
Schum . (1 sp.), M o n o ta g m a  (3 spp.), M yrosm a  L. fil. 
(1 sp.), Phrynium  Willd. (1 sp.), Sarcophrynium
Schum . (1 sp.), S trom an the  (1 sp.) and Thalia (1 sp.).

Serial sections o f  young florescences of Isch­
nosiphon arouma  (Aubl.) Koern. and M onotagm a  
laxum  (P. & E.) Schum . have been prepared from 
material collected in the field and fixed in K a rp e ­
sch e n k o ’s fluid.

T h e  vascularization o f  the florescence com ponent 
w as  studied in some plants after treating for 5-30 
m inutes with hot concentra ted  lactic acid (Sporne 
1948).
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MAJOR BRANCHING OF 
THE INFLORESCENCE

T h e  most  suitable species for  s tudy of  the major 
branch ing  o f  the m aran taceous  inf lorescence are 
some large species of  C alathea  (e.g. C. insignis  
Peters ,  and C. casupito  ( J a c q . )G .  F. W. Mey.) ,  
m any species  of  Ischnosiphon  (e.g. I. leuco- 
p h a eu s  (R. & P.) K oern . ,  I. a roum a  and I. 
ohliquus  (Rudge) Koern .)  and the small genus 
P le iostachya  Schum. T h e  inflorescences o f  these 
species  are sufficiently branched to dem onst ra te  
the principles but are still lax enough not  to 
obscure  them. The  descript ion below is based  on 
a specimen  of  Ischnosiphon  aroum a,  the 
inflorescence of  which is analyzed in Fig.  1. 
Fig. 2 A shows the habit of  the inf lorescence of  
the same specimen.

T h e  first inflorescence arising on an aerial 
shoot  of  Ischnosiphon  aroum a  is terminal  which 
is usual am ong  the M aran taceae ,  al though there 
are exceptions  (e.g. Ischnosiphon  sect.  B am bu-  
sastrum  Schum.).  Afte r  f lowering and  fruiting 
the inf lorescence is shed,  and a condensed  
lateral shoot  which gives rise to a new generat ion 
o f  leaves in due time te rminates  in a new 
inflorescence which is thus lateral to the main 
shoot .  T h e  formation of  two genera t ions  of  
in f lorescences has been es tablished in Isch ­
nosiphon aroum a  a n d / ,  ohliquus.

F o r  descript ive purposes ,  at least,  it would be 
conven ien t  to regard the internode elevating the 
inflorescence above the leaf  cluste r  as the first 
in ternode o f  the inflorescence and to te rm it 
syn florescence  peduncle .  (The use o f  the term 
synf lo rescence  is explained below.)  D epending  
on the habit of  the species it can differ somewhat 
from the vegetat ive internodes (e.g. Isch ­
nosiphon  aroum a)  or  wholly resemble them 
(e.g. many species o f  M aran ta ).  In M o n o ta g m a ,  
many species of  Calathea  and other  taxa  it is 
the only elongated aerial internode.

T h e  inf lorescence o f  the M aran taceae  is 
com posed  o f  a varying num ber  o f  mostly quite 
distinct f lowering units,  f lorescences (Troll 1964 
pp. 145 et seq.),  each  shoot  o f  the inf lorescence 
terminating in a f lorescence.  T h e  f lorescences  of

Ischnosiphon  are spiciform with dense ly  imbr i­
cated bracts  thus forming an easily recognizable 
structural  element (Fig. 2 A). The  f lorescences 
are discussed in grea ter  detail below.

T h e  main axis o f  the inflorescence in I s c h ­
nosiphon aroum a  general ly forms four inter­
nodes  before a f lorescence  is formed.  T h e  p roxi­
mal one  is the synflorescence peduncle  and the 
distal one  is the bas ic in ternode (Grundinter-  
nodium, Troll  1964 p. 148). T h e  basic in ternode 
and the internodes  proximal to lateral f lores ­
cences  (co-florescences) could for descript ive 
purposes  convenient ly  be te rmed  f lo re sc en ce  
peduncles .  Thus  in this case  there are three 
nodes on the main axis below the main f lores­
cence,  each with a large bract . T h e s e  bracts ,  
together  with the brac ts  o f  the first o rder  on 
the main f lorescence ,  have often been  called 
primary bracts.  T o  avoid confusing them with 
the f lo rescence bracts  1 suggest the te rm main  
bracts.  This  term could also be applied to the 
bracts  on lateral branches  occurr ing be tween  the 
interphyll and the first f lorescence  bract .  (This 
phyllome was te rmed “ mesophy l l”  by S ch u ­
mann (1902), Holt tum (1951) and o the rs  but the 
term “ interphyll”  o fT o m l in s o n  (1961) is bet ter .  
T h e  term mesophyll  has already b een  used  in 
both gross morphology and ana tomy to designate 
o ther  s tructures.)  If  a distinction has to be made 
the epi thets  primary ,  secondary ,  etc.  could be 
used for  the main shoot ,  lateral shoot  of  first 
order,  etc. In Ischnosiphon  aroum a  all main 
bracts  are bracteose.  In o ther  species (e.g. I. 
ohliquus  and species of  M o n o ta g m a  the first 
pr imary main bract  at least may be frondose.

A s  the number  of  nodes  on the main axis is 
a taxonomically useful charac te r  a term is 
needed to describe it. I suggest  that  inflores­
cences  with one,  two,  three,  etc. nodes  on the 
main axis should be te rmed  uni-, bi-, trinodate,  
etc.

Lateral  shoots  (paracladia o f  the first order)  
arise in the axils o f  the main bracts  eventually  
terminat ing  in a co-florescence.  T h e  first two 
internodes o f  the paracladia are very  short  so 
that the interphylls  are hidden within the main 
bracts  of  the primary  axis. In the axils  o f  the

Fig. 1. M ajor branching of the synflorescence in Ischnosiphon arouma,  construc ted  from F lo rsch ü tz  & M aas 
2763. -  Symbols: * prophyll, C o F  co-florescence, F P  florescence peduncle, i interphyll, m main bract, M F  
main florescence, SP synflorescence peduncle. Broken lines indicate condensed  axes.
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secondary  main bracts  and the interphylls  o f  the 
primary paracladia,  pa rac ladia  o f  the second  
o rder  m ay  arise repeating the pat tern  of  the 
pr imary ones .  In Figs. 1 and 2 A there are no 
parac ladia o f  an order  higher than the second  but  
these  are com m on  in o ther  genera .  A s  the first 
two in ternodes  o f  the paracladia are always very  
shor t  the co-florescences becom e fasciculately 
c row ded  in the axils of  the  main bracts .

T h e  inflorescence here  described conforms 
very  well to the definition of  a polytel ic s y n ­
f lo rescence  (Troll 1964 pp.  149 et seq.).

T h e  o ther  sci taminean families have,  as far  as 
1 know, always  a simple or  sparse ly branched  
and usually terminal inflorescence.  This  has  
probably also been the case  in primitive 
M aran taceae .  A m ong  most  der ived genera  o f  the 
family,  how ever ,  there is a s trong tendency  for  
an increased number  o f  parac ladia to form 
which,  coupled  with a shortening o f  in ternodes ,  
ult imately results in synf lo rescences  with 
num erous  f lorescences aggregated into a dense ,  
more  or  less head-like cluster.  Exce llent  
exam ples  are the synf lo rescences  o f  C a l a th e a  
la te r a l is  (R. & P.) Lindl. (Fig. 2 B) and M o n o ­
t a g m a  aff. s e c u n d u m  (Peters .) Schum.  (Fig. 2C) .  
T h e  synf lorescence in Fig.  2 B, is shown to be 
te tr anodate  and com posed  o f  17 f lorescences  
with paracladia of three orders .  In these  very 
dense synf lorescences the strictly dist ichous  
plan of  branch ing  is modified in various  ways .  
T h e  phyllotaxy of  such synf lo rescences  has been 
dealt with by Eichler  (1884 pp.  29-36).

In some genera  (e.g. C a l a th e a  and I s c h ­
n o s i p h o n  sect .  B a m b u s a s t r u m )  the oppos ite  
t rend can be seen, the result being a strongly 
reduced synflorescence com posed  o f  the solitary 
main f lo rescence  often with one or  a few em pty  
main brac ts  on the peduncle.

Excess ive ly  branched synf lo rescences  with 
the in ternodes  not condensed  can be studied in 
some species o f  T h a lia  (e.g. T. g e n i c u l a t a  L.),  in 
M y v o s m a  s t r o m a n t h o i d e s  M acbr .  and some 
species of  S t r o m a n t h e .  T h e y  are reminiscent  o f  
a grass panicle in habit but never the less  funda­
mental ly agree with all o ther  m aran taceous  
synflorescences.

THE FLORESCENCE

T h e  main axis,  o r  rachis,  o f  the f lo rescence  is 
always monopodial  and carr ies  a num ber  o f  
bracts.  In the axils o f  these bracts  more or  less 
complica ted f lower aggregates,  the f l o r e s c e n c e  
c o m p o n e n t s , are found. T h e  phyllo taxy of  the 
f lorescence  varies considerably (see Eichler  1884 
pp. 29-30) but dist ichous bracts  seem to be the 
primitive state. In I s c h n o s i p h o n  a r o u m a  and 
M o n o t a g m a  la x u m ,  which have  spirally 
arranged brac ts  in mature f lo rescences ,  I have 
observed that the bracts  are dist ichously 
initiated (Fig. 4 A). T h e  spiral phyllotaxy in these 
two species is obviously a secondary  
phenom enon  due to the ontogenet ic  twist ing of  
the rachis.

In taxonomic  li terature the f lo rescence  has 
been differently described according to the habit,  
“ r a c e m e ”  and “ sp ike” being the 
com m ones t  te rms used.  Since each  bract  sub ­
tends a sympodial  f lorescence com p o n en t  and 
not a solitary f lower (see below) the most  
appropr ia te  te rm would appear to be “ thy rse” , 
which as far as I know  has not previously been 
applied.

T h e  relative posit ions and phyllotaxy,  the 
anatomy and thus  the texture,  and the pe rs is t­
ence of  the f lorescence bracts  are o f  great 
taxonomic importance  and bet ter  use could 
probably be made o f  these charac te rs  than 
hitherto.

T h e  usual term for the f lo rescence  brac t  is 
simply “ b ra c t” , a te rm that is too vague when 
applied to complica ted  synf lo rescences.  The  
term spathe would be more  appropria te .

THE FLORESCENCE COMPONENT

Troll (1964 p. 149) called the more or less  compli ­
cated com ponen ts  o f  a f lo rescence  “ partial 
f lo rescences”  (Partialf lorescenzen),  a term 
tha t  is, however ,  linguistically inconsistent .  I 
prefer  the te rm ‘f l o r e s c e n c e  c o m p o n e n t ”  
suggested by K. H .  Matt is son  (pers.  comm.) .

T h e  f lorescence com ponent  of  the M aran t-

Fig. 2. Synflorescences. -  A: Ischnosiphon arouma  (F lorschütz & M aas 2763). -  B: Calathea lateralis  (Harling & 
A ndersson  11595). - C :  M o notagm a  aff. secundum  (Andersson 12). -  Scales 5 cm.
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aceae  (Figs.  3, 4 B-C) is a shoot  system built up 
o f  sympodia l  axes in which the degree of  
b ranch ing  varies great ly.  The  axes  are often 
much condensed .  T h e  f lowers are usually borne 
in pairs  but  the two f lowers  do not  develop  quite  
s imultaneously .  One f lower is always  the mirror  
image o f  the other.  At the base o f  a f lower pair 
and back ing  the parent  axis,  is a prophyll .  This  
first prophyll  is always two-keeled.  Subsequent  
prophyll s  (see below) may be ei ther  two-keeled 
or  th ree -kee led  and both types may be present  
in the same flo rescence com ponent .  A bove  the 
prophyll  and oppos ite  it is somet imes  an inter- 
phyll which is characteri s t ic  of  many species of  
Calathea  but  also o f  species belonging to other  
genera  (see Holt tum 1951). In some species 
which normally lack interphylls  in the f lores­
cence com ponen ts  they may occur  sporadically.  
In Ischnos iphon  aroum a  and I. obliquus  they are 
present  in c. 8% o f  the c. 400 f lo rescence 
com ponen ts  examined.

T h e  f lo rescence  com ponen t  is enriched by 
5 a prophyllate  bud which always  arises in the axil 

o f  the interphyll where  present  (Fig. 4 B). It thus 
can be assumed that prophyllate  buds  of  the 
second  and higher orders  are always  “ axil lary”  
to interphylls,  even if the interphyll i tself  is 
reduced as is mostly the case.  T h e  f lorescence 
com ponen t  may be made  up o f  the p roducts  of  
up to 20 prophyllate buds  though usually only 
five or  less.

O ne  or  two bracteoles are often associa ted 
with the f lowers. T hey  vary  great ly in shape and 
size from mere  rudiments ,  as  in some species of  
S tro m a n th e  (Fig. 5 C) and in M onophyllan the  

lo ligophylla  Schum. (Fig. 5 A),  to  large, b rac t ­
like s tructures  as in many  species of  Calathea.  
In D o n a x  Lour .  (Holttum 1951 Fig. 1 B), Schu-  
m a n n ia n th u s  G a g n e p . , Sarcophryn ium  (Fig. 5 B) 
and others  they are small and f leshy and in 
Ischnos iphon  and many species  of  Calathea  the 
proximal part is long and r ibbon-l ike,  while the 
distal part (clavicu la ) is ha rdened ,  more  or  less 
swollen and generally c lub-shaped.  T h e  position
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o f  the bracteoles has often becom e modified 
during the extensive condensa t ion  o f  the f lores­
cence  component  as in C ala thea  and Isch ­
nosiphon. Even  in serial sect ions the bracteoles 
usually appea r  to be inserted on different  axes,  
i.e. each one appears  to have a pedicel o f  its 
own. Such an ar rangement would  m ake  the 
branching of  the pedicel sys tem difficult to 
explain since no o ther  phyllomes,  from the axils 
o f  which the pedicel can branch  out,  have been 
encountered .  H ow ever ,  in S tro m a n th e  porteana  
A.  Gris  (Fig. 5 C ) ,  M onophyllan the  oligophylla  
(Fig. 5 A), Sarcophryn ium  hrachys tachyum  
(Benth.)  Schum. (Fig. 5 B), D onax  grandis  
(Miq.) Ridl. and probably o thers  one  finds an 
expanded axial sys tem with bracteo les  or  
bracteole rudiments in a p resumably  primitive 
position.  This  lends strong suppor t  to an inter­
pretat ion o f  the f lower pair o f  the M aran taceae  
as a monochasia l  cyme. Each f lower pair  with its 
axial system and associated  prophyll ,  interphyll 
and bracteoles can for brevity o f  descrip t ion,  be 
te rmed  a cym ule .

In M o n o ta g m a  and M o n o p h ryn iu m  the 
f lowers are unpai red ,  which is apparently a 
derived condit ion. M o n o ta g m a  has a f lorescence  
com ponent  com posed  o f  one-f lowered cymules 
(Fig. 3C ) ,  the number  of  cymules  in a f lores­
cence com ponent  being three  o r  four. In some 
species o f  M o n o ta g m a  there are small bracteoles 
(Schumann 1902), in others  they are absent .  
M onophryn ium  fa sc ic u la tu m  (Presl) Schum. 
bears only one f lower and the assoc ia ted  pro­
phyll in the axil o f  each  spathe (Fig. 3 B). In 
Ischnosiphon aroum a  atavist ic cymules  are 
somet imes found in which one  f lower  is reduced 
to a small cyl indrical axis (Fig. 4 G ) .  Such forms 
may be taken as an indication that  the single­
f lowered cymule  is a reduced  form of the two- 
f lowered one.

Fig. 3. F lorescence com ponents .  -  A: Diagram showing the hypothetical organization o f  the florescence 
com ponent o f  a primitive M aran taceae .  Broken line indicates condensed axis. -  B: M onophryn ium  fasc icu la tum  
(Ramos & Edano  s. num.). -  C: M o n o ta g m a  laxum  (Harling & A ndersson  13994). -  D: M yro sm a  stroman-  
thoides  (Harling & Andersson  12258). -  E: M aranta  bicolor  Ker. Drawn from a live specimen cultivated at the 
Botanical G ardens  of G öteborg .  -  Symbols: * prophyll, bu bud, i interphyll, p prophyll, pe pedicel, r rachis 
o r  rachis scar, sp spathe or spathe scar. -  B drawn from softened herbarium material, C and D  drawn from fixed 
material. -  Scales 1 mm.
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IN T E R P R E T A T IO N  OF T H E  F L O R E S C E N C E  
C O M P O N E N T

T h e  in terpre ta t ion  o f  the much-der ived  
m aran taceous  f lo rescence  com p o n en t  has been 
widely d iscussed .  T h e  com m ones t  interpretat ion  
is still that p ro p o s e d  by Eichler  (1875, 1884) who 
in te rpre ted the f lower  pair as  a three-f lowered 
dichas ium,  in which the primary f lower  has been  
lost by reduct ion.  This  view was  supported  by 
Müller  (1885), who found a steri le,  minute axis 
in the f lo rescence  com ponent  of  an un-named 
species  o f  S tro m a n th e .  It was  also repor ted  that  
this axis som et im es  produced  a third f lower.  
J o n k e r -V e rh o e f  & Jonker  (1957), describing 
some species o f  Calathea,  also refer  to these  
sterile axes.  T h e i r  interpreta t ion is, however ,  
e r roneous ,  the s truc ture  observed  by them being 
an unpa ired,  sub te re te  bracteo le  (Fig. 4 E -F ) .  
F u r th e r  suppor t  for  Eichler ’s theory  was  found 

I in the supposed  equali ty (“ G le ichwer t igke i t” ) of  
I the two f lowers  o f  a pair. H e  considered  tha t  
I the differences  in the degree o f  deve lopment  of  

the two f lowers  were  of  no im por tance ,  w hereas  
( in actual  fact the f lowers be long to different 

shoot  genera t ions .
A second theory  is that pu t  forward by 

; T h o m p s o n  (1933). On the basis  o f  ex tens ive  
studies o f  inf lorescence  ontogeny and on the 
assumpt ion  (probably  false, see Tom linson  1962 
p. 205), that  the primitive phy llotaxy o f  the 
Sc it amineae  is spiral,  he argued that  the f lores- 

|  cence co m p o n e n t  was  a much t ransformed spike 
with f lowers  and bracts  distr ibuted  on a d e ­
formed,  primit ively conical axis,  all belonging to 
the same shoot  genera t ion.  This  theory ,  which  is 
based  almost  entirely on ontogeny  and the geo ­
metrical dist r ibution of  the s truc tu res  and which 

i dis regards  facts o f  compara t ive  morphology,  has 
rece ived little suppor t  from subsequen t  research  
w orkers  and failed to give a sound morphological  
interpretat ion.

A third interpretat ion,  that favoured  by the 
present  au thor ,  regards  each f lower  pair with its

Fig. 5. Cym ules (prophylls omitted). -  A: M o n o ­
phyllanthe oligophylla  (Wessels Boer 1206). -  B: 
Sarcophrynium hrachystachyum  (Arnold 5115). -  C: 
Strom anthe porteana  (Gardner s. n u m . ) - D :  M yrosm a  
strom anthoides  M acbr. (Harling & A ndersson  12258). 
-  E: M aranta  bicolor Ker. D raw n from  live material 
cultivated at the Botanical G a rd en s  of Göteborg. -  
A -C  illustrate m ature s tructures ,  D - E  are young 
structures. A -C  drawn from softened herbarium 
material, D  drawn from fixed material. -  Scales 1 mm.

Fig. 4. A: C ross-sec tion  through apical portion o f  a florescence of M onotagm a  laxum  (Andersson 2). -  
B: Part o f  flo rescence  com ponent o f  Calathea co m o sa  (L. fil.) Schum ., lateral view. Second interphyll omitted 
(Harling & A ndersson  11750). -  C: D :o , cross-section  of young florescence com ponent.  -  D: D :o, young 
cymule. -  E: Calathea  sp., young florescence com ponen t ,  dorsal view (Harling & A ndersson  11792). -  F: D :o , 
young cym ule. -  G : Ischnosiphon aroum a.  Y oung , atavistic cymule (Andersson 16). -  Symbols: a apex, b 
bracteole o r  bracteo le  scar, i interphyll o r  interphyll scar, p prophyll o r  prophyll scar, s sepal. -  All drawings 
m ade from fixed material. -  Scales 1 mm.
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prophyll ,  interphyll and bracteoles as a two- 
f lowered monochas ium (Fig. 3 A) with the one 
f lower lateral to the other .  Tha t ,  provided the 
f lowers are asymmetr ic ,  such ar rangements  may 
produce  a series o f  f lowers where one f lower is 
the mir ror  image o f  the preceding  one is exempl i­
fied by C om m elina  (see Eichler  1875 p. 145, Fig. 
70 B). This  interpretat ion does  not  disagree with 
the observat ions made by Müller  (1885), since 
his i l lustrat ions can be interpre ted as, and 
actually give the impression o f  being,  a three- 
f lowered monochas ium ra ther  than a dichasium. 
F u r the rm ore  such an ar rangement repea ts  the 
branching type of  the synf lorescence and agree 
with the organizat ion o f  the inflorescence in 
o ther  sc i taminean families.

T he  strongest  support  for  this interpretation is, 
however,  the posit ion of  the brac teoles on the 
expanded axes  found in Strom anthe , M o n o ­
phyllanthe , Sarcophryn ium  etc. Fu r ther  
ev idence was  sought  in the vascularizat ion of 
the f lo rescence com ponen ts  and adjacent  parts 
of  the rachis,  but  the extent  of  derivat ion of  the 
vascular  s tructure proved to be so great that it 
actually provided  less information than the 
superficial s tructures.

Ontogenetica l  s tudies,  on a very limited scale, 
gave little additional information.  Ontogeneti-  
cally the f lo rescence  com ponen t  has also 
become derived and little information on the 
primitive state could be obtained from it. T h e  
only interesting result obta ined from these 
studies was  that the nodes  can somet imes  be 
seen on young,  though far from primordial,  
cymules,  al though the phyllomes are lacking. 
Such young cymules  show the same axial organi­
zat ion as those carrying bracteoles  (Fig. 5 D).
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List o f  specimens cited

A ndersson  2: Peru , L ore to ,  SW o f  Iquitos, Puerto  
A lm endra  (GB) -  A ndersson  12: Peru, L oreto , road 
Iqu itos-Q uis ta  C ocha ,  Ju an acasa  (GB) -  A ndersson  
16: G u y an a ,  Essequibo  River, Bartica (GB) -  Arnold 
5115, G h an a ,  D aban  Ash (K) -  F lo rschü tz  & Maas 
2763, Surinam e, betw een K abalebo River and W est 
C oppenam e R iver (U) -  G a rd n e r  s. num., Brazil, 
M inas G eraes  (K) -  Harling & A ndersson 11595, 
E cuador,  Pichincha, Nanegal (GB) -  Harling & 
A ndersson  11750, E cuador,  N a p o ,  C anon de los 
M onos ,  ca 12 km north of C oca  (GB) -  Harling & 
A ndersson  11792, E cuador,  N a p o ,  Coca (GB) -  
Harling & A ndersson  12258, E cuador,  Carchi, 3^1 km 
N W  o f  M aldonado (GB) -  Harling & A ndersson 13994, 
E cuador,  Zam ora-C hinchipe, La Saquea on Rio 
Y acu am b i-Y an za tza  (GB) -  Ram os & Edaho s. 
num .,  Phillipines, Luzon, T ay ab as ,  M t Binuang (K) -  
W essels  Boer 1206, Surinam e, at the confluence of 
R iver Paloem en and R iver T apanahoni (K).
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A survey o f  the Swedish Euphrasia  taxa is presented. Five groups of taxa are well 
delimited. E. salisburgensis , rostkoviana, bottnica, m icrantha,  and stricta are the most 
wellknown taxa in these groups. A subdivision o f  each group into “ biological un its"  is 
attem pted. Some of these  are indigenous, others are synanthropic, among these some of 
the com m oner ones. H ybrid ization  is o f  limited importance in undisturbed habitats, but in 
m an-m ade habitats the limits be tw een  biological units sometimes b reak  down completely.

N u m b er  and length of in ternodes, branching habit, seed size, capsule and leaf form and 
size are correlated and appear  to  form adaptive complexes dependen t on habitat and 
climatic factors.

N o  formal taxonom y is made, bu t a trea tm ent recognizing five Swedish species only is 
suggested.

Thomas Karlsson, D epartm en t  o f  P lant T a xo n o m y , University o f  L u n d , Ö . Vallgatan 18, 
S-223 61 L und , Sw eden .

T h e  genus Euphrasia  (Scrophulariaceae) shows 
an extremely  intricate variat ion in N W  Europe  
(Denmark,  Finland,  N o rw a y ,  Sweden).  R ep re ­
sentat ives o f  the genus are fairly c om m on  on 
most  kinds o f  open ground all over  the region. 
T h e y  are hemiparasi t ic  annuals .  T h e re  is a great 
and seemingly continuous  variation in habit,  
hairiness,  leaf  and capsule form and size, and 
f lower co lour  and size. T h e  genus  has been 
subdivided into an increasing num ber  o f  taxa,  
som e of which  are ex t remely  diffusely defined.

In order  to elucidate the background for this 
variation I began in 1970 a study of  the genus in 
southern  Sweden .  Field studies and cult ivat ion 
and crossing experiments  indicate that there is 
a quite impressive hereditary  adapta t ion  to 
different env i ronm ents ,  and  that hybridization 
with subsequent  es tabl ishment o f  hybrid 
deriva t ives is common be tween  some taxa.

Field exper ience  from nor thern  Sweden  was  
gained from a trip to the p rovince  of  Jämt land  in 
1975.

THE PRIMARY GROUPINGS

Field experience ,  crossing exper iments,  he r ­
barium and l i terature studies have shown that 
the re  are some fundamental ly  distinct units 
within E uphrasia .  T h e  Swedish  (and N W  E u ro ­
pean)  taxa  can be grouped  into five complexes  
be tween  which hybr ids and o the r  intermediates 
are rare or non-existent .

( 1 ) T h e  salisburgensis  complex  (E. lapponica  
Th .  C.  E. Fr ies ,  E. salisburgensis  Funck).

(2) T h e  rostkoviana  complex  (E . rostkoviana  
H a y n e  subsp.  rostkoviana  and subsp.  m ontana  
(Jordan) Wet ts te in ,  E. fe n n ic a  Kihlman).

(3) E. bottn ica  Kihlman.

(4) T h e  m icrantha  complex  (E . m icrantha  Rei- 
c h e n b a c h , F .  scottica  Wettstein) .

(5) The  stricta  complex  (all o ther  species 
repor ted  from the region).

4 -  Botaniska N o t ise r
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T h e  complexes  (I), (2) and (3) are well-defined 
by dist inct key characters:  the lack o f  cilia in the 
capsule apex for  the salisburgensis  complex,  
the long-stalked glandular  hairs for  the rost­
koviana  complex,  and the ex tremely  small 
f lowers for  E. bottnica.  T h e  m icrantha  complex 
is morphological ly somewhat less  clearly 
distinguished from the stricta  complex ,  but 
seems to  be fairly well genetically isolated how ­
ever,  as hybrids are rare. E. gratiosa  Wiinstedt ,  
bel ieved to be a descendant  from E. m ic ra n th a x  
stricta  (Wiinstedt  1946), seems not to be a 
natural  unit. Swedish spec imens (in S) 
designated E. gratiosa  by Wiins tedt  himself  are 
clearly E. m icrantha  a n d £ .  stricta  variants with­
out  obvious  signs of  hybridizat ion.

T h e  above  five groups at least,  are no doubt  
specifically distinct from each other .  Euphrasia  
officinalis  L. is no natural  unit at the species 
level. H ultén  (1976 p. 360) goes too far in 
generalizat ion when he states: “ In the Nor thern  
Hem isphere  the genus Euphrasia  behaves  as 
a complex  species, E. officinalis  s. lat. . . .  It 
consists  of  a highly variable c i rcumpolar  lowland 
popula t ion,  and super imposed on this and poorly 
differentiated from it a group of  arct ic-montane 
taxa  (.E . fr ig ida  -  m inim a, E. salisburgensis  -  
lappon ica ) .”  Euphrasia salisburgensis  and 
related species are commonly  regarded as a 
distinct subsect ion,  A ngustifo liae  Wettstein.

Within the com plexes  mentioned above there 
are,  however ,  many hybrids and o ther  t rans i­
tional forms;  and widely divergent  opinions as 
to the rank  of  taxa  have been put forward.  In our 
area ,  this particularly applies to the stricta  
complex.  The  other  complexes  have their 
cent res  of  variation in o ther  regions, so the 
problem s they present  here are far less serious.

SUBDIVISION O F THE STRICTA CO M PLEX

T h e  following discussion is chiefly concerned 
with condit ions  in Sweden,  but is probably valid 
for most  o f  N W  Europe.  In the weste rnmost ,  
ex t remely  coastal  areas,  the variation is h o w ­
ever  more  compl ica ted  (cf. Yeo  1971).

T h e  stricta  complex can be subdivided into six 
form series. (1) to (4) have small, predominantly 
white f lowers; (5) and (6) have generally large, 
more  or  less lilac f lowers. In all form series,

s imple hairs  may occur  on the leaves ,  but only 
in (6) do short-sta lked  glandular  hairs occur.

(1) Euphrasia  fr ig ida  Pugsley ,  a very  variable 
mountain plant.

(2) E. fr ig ida  var.  pa lustr is  (J0rgensen) Nord- 
hagen,  a well-defined var iant  in w es te rn  moun­
tain mires.

(3) T h e  baltica  type (Nannfeldt  in obs.),  
occurring along the Bothnian  Sea and Gulf  of  
Bothnia,  there  being sympat ric  with E. bottnica.

(4) E. nem orosa  (Persoon)  Wall roth,  a very 
variable lowland plant.  Th is  taxon has been 
known as E. curta  (Fries)  Wet ts te in ,  or E. 
glabrescens  (Wettstein)  Wiinstedt  if sub- 
glabrous.  It  was  included i n £ .  nem orosa  by Yeo  
(1971).

(5) E .  hyperborea  Jd rgensen ,  a mountain  plant 
from wes te rn  N Sweden ,  with a wider distr ibu­
tion in N N orw ay .

(6) T h e  Euphrasia  stricta  group.  All that  has 
been included under  the names  E. brevipila  
Burnat  & G remli ,  E. tenuis  (Brenner)  Wet tstein 
1896, E. stricta  Wolff  ex Lehmann  (including 
var. gotlandica  Ahlfvengren),  E. suec ica  Mur-  
beck & Wet ts te in ,  and part of  what  has been 
called E. reuteri Wet ts te in ,  forms one  single unit 
with a seemingly cont inuous  variation in many  
characters .  T h e re  are,  however ,  geographical 
and ecological t r ends  in the variation and further  
research may make  a subdivision possible.  The  
oldest name within the group is Euphrasia  stricta  
(Yeo 1971).

Y eo  (1971, 1972) made  E. tenuis  ( including 
E. su ec ic a ) a subspecies under E. arctica  Lange; 
further  subspecies  o f  E. arctica  are what  have 
been known as E. borealis  (Townsend) Wet tstein 
from the W  coas ts  o f  D e n m a rk  and N o rw a y .  
According to Y eo  the difference be tween  E. 
arctica  and E. stricta  lies in the more  rounded 
leaves of  the former.  Indeed,  E. borealis  col lec­
tions look ext remely  different from the more  
easte rn E. stricta,  am ong  o ther  things in leaf  
form. N ever the less ,  if the N W  E uropea n  
material is subdivided on leaf  form, w e  get a 
subdivision that is as unnatura l  as that previously
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made on the presence  or absence  of  glandular  
hairs (Wettstein 1896). T o  me it seems that the 
Scandinav ian material makes  it impossible to 
retain E. arctica  sensu Yeo  as a species distinct 
f rom E. stricta .  289

W hat  is here  te rmed the Euphrasia  stricta  
group is thus roughly equivalent  to E. brevipila  
sensu  H y lande r  (1945), but  includes  also part  of  
w ha t  he refer red to E. brev ip ilaX curta .  It is 
roughly com parab le  to the sum of  Y e o ’s (1972)
E. stricta  and E. arctica, and is thus not at all 
the sam e  as his E. stricta  group.

In this pape r  the epi the ts  brevipila, tenuis,  215
stricta, suecica ,  and gotlandica  will be used for i 68
more  or  less distinct units within the E. stricta  
group .  The  epi thets  suecica  and tenuis  will be 708
used accord ing  to W et t s te in ’s (1896) defini tion,  688
i.e. for  eglandular  and glandular  aestival 
variants ,  respectively.

171

A BASIC PRINCIPLE 448

69
T h u s  it is possible to subdivide E uphrasia  in 
Sw eden  into a limited num b e r  o f  biological units.
T h e  local popula t ions  of  each  such biological 
unit are linked in space and time by habitat 
pre ferences ,  modes  of  dispersal  and poll inat ion 
biology,  and a supposed co m m o n  origin which is 
also expressed  as an overal l  morphological  240

similarity.  H o w e v e r ,  there  may be g rea ter  or 
lesser  variat ion between the local popula t ions  o f  
every  biological unit. With a part icular  
charac te r ,  one biological unit may have a range 
that covers  the gap between two o ther  biological 
units.  Th is  implies that classificat ion on “ sub­
com plex  level”  in difficult genera  like Euphrasia  
should not be made without  sufficient field 712
studies in the area  concerned .  I f  the classifica­
tion is made  on the basis of  herbar ium material 
only,  one  is likely to p roduce  er roneous  s u b ­
divisions, as nothing indicates w here  the 
boundar ie s  between the natural ent ities  go.

A n example:  T h e  com m on form series o f  the 
E. s tr icta  g roup  (known as E. brevip ila ) and 
E. n em o ro sa  may well be dist inguished on a 
popula t ion basis by f lower size in southern  
S w eden .  H o w e v e r ,  another ,  geographical ly
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Fig. 1. C oro lla  length of three Euphrasia  taxa. C u lti­
vated material from 28 random ly selected populations 
from S kåne ,  southern  Sweden.
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limited race  o f  the E. stricta  group has a f lower 
size that  covers  the gap be tween ,  and overlaps 
with, both o f  them (Fig. 1). Wiinstedt ,  who 
apparently  had not seen this race in the field, 
de te rmined s o m e  sheets  to E. stricta,  others  to 
E. gratiosa,  a n d  still others to E. glabrescens.

T h re e  fac tors  seem to have been o f  particular 
importance  in building up the present  variation 
in Euphrasia  in Sweden.  The  first one is vegeta­
tion history: the re  are indigenous Euphrasia  taxa 
as well as taxa  that  have been int roduced,  or at 
least have distr ibut ions which have grown much 
larger owing to the act ivit ies of  man (syn- 
an thropous  taxa).  T h e  second factor  is hybridi­
zat ion.  The  third is the presence  of  parallel, 
ecologically condi t ioned  variation.

INDIGENOUS EUPHRASIA TAXA

1 cons ider  the  following Euphrasia  taxa to be 
definitely indigenous  in Sweden,  that  is they 
have reached  their localities, or by far the 
greater  part  o f  them, before man had any heavy 
influence on the  env ironment.

E. lapponica  -  dry,  wind-swept calcareous  
heath in the mounta ins  (Nordhagen 1952).

E. sa lisburgensis  -  Schoenus  fe rrug ineus  fens 
on G otland .  T h e  Swedish material represents  
a distinct var ian t  (Pettersson 1958 p. I l l ,  1965).

E. bottn ica  -  land upheaval  zone of  the G u l f  of 
Bothnia (Julin 1965).

A glabrous ,  polymorphic  race of  t h e E .  stricta 
group on l imes tone pavement of  Öland and 
G ot land  and some further  small areas (Sterner 
1938 p. 150).

E. stricta  var .  gotlandica  -  a poorly under­
stood var iant  in ca lcareous ,  wet habitats on 
G ot land  (E . go tland ica  (Ahlfvengren) Hylander  
1955, not  val idly published).

E. hyperborea  -  subalpine and low alpine fens 
and Betula  g roves  (Lange  1938 p. 139).

E. fr ig ida  -  a widespread  and polymorphic 
northern and alpine species,  also sca t tered  along 
the big r ivers  (Wistrand & Lundqvist  1964).

E. fr ig ida  var .  palustris  -  a dist inct variant in 
Trichophorum  caesp itosum  fens in the 
mountains (Smith 1920 p. 221, Sernander  1941 p. 
1 0 1 ).

T h e  baltica  type  -  land upheaval  zone  along 
the Bothnian S ea  and G u l f  o f  Bothnia (Julin 
1965, Er icson  1973 pp.  39, 55).

Some o f  these distinct ly nat ive taxa  show a 
tendency  to invade man-m ade  habi tats .  This  is 
t rue for  e.g. E. fr ig ida ,  which occurs  on road­
sides far  down in the woodlands  and also in 
mown m e adow s  in o r  near  the mounta ins  
( information on herbar ium labels; A rwidsson  
1930).

Som e  of  the nat ive taxa,  on the o the r  hand,  
appear  to be ex t remely  specialized,  e.g. E. 

fr ig ida  var. palustris , E. lapponica,  and E. 
salisburgensis .  T h e y  sh o w  little or  no tendency  
to occupy  new  habitats ,  and there fore they  may 
be th rea tened  by envi ronmenta l  changes.

SYNANTHROPOUS EUPHRASIA TAXA

I consider  the following Euphrasia  taxa  to be 
more  or  less comple te ly  synan th ropous  in 
Sweden ,  that is, they have  reached  their  present ,  
often very wide distributions by way  o f  co lo­
nizing man-m ade  habi tats .  I have never  seen,  
nor  have I any knowledge o f  occurrences  of  the 
taxa  listed, which could with conf idence  be 
regarded  as indigenous.  This  leaves the possi ­
bility tha t  such  localities exist ,  especial ly 
pe rhaps  in a reas  with broken  topography.  Even  
if so, these  areas  are vanishingly small in rela­
t ion to  the present  a reas  inhabited.

E. rostkoviana  -  the majori ty,  if not all the 
presen t-day  occur rences  are dependen t  on 
human act ivity.  This  applies to both  subsp.  
rostkoviana  and subsp.  m ontana .

E. stricta  group  -  excep t  for  races  specified as 
indigenous.  All the glandular  races (known as 
E. brevipila  subsp.  brevipila  and subsp.  tenuis  
(Brenner)  Wet tstein)  thus seem to be  s y n a n ­
thropous .

E. m icran tha .
E. n e m o r o sa .
Some o f  these  distinctly synan th ropous  taxa  

show a tendency  to invade natural vegetat ion.  
Thus  the E. stricta  type  known as E. brevipila  
subsp.  tenuis  invades  banks  of  w a te r  courses  in 
parts  o f N  Sweden (Wist rand 1962 p. 137).

F o r  E. nem orosa  and  the E. stricta  group the 
majori ty of  occur rences  seem to be along ro a d ­
sides or  in similar places.  H o w e v e r ,  at least in 
parts  o f  their  areas ,  all t axa  listed occur  as 
normal cons t i tuen ts  o f  semi-natural  grasslands  
that  have  been grazed or  mow n for  hundreds  of  
years.  T h e y  are as a rule locally ex t remely  good
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phytosociological indicators ,  i.e. appear  as 
ex t remely  special ized.  H ow ever ,  all t axa  except 
E. m icran tha ,  which is associated with Calluna  
on poor  soils over  its ent ire Swedish  area,  show 
a remarkab le  lack of  cons is tency  in sociological 
behav iour  from area to area.  A morphological ly 
fairly homogeneous  taxon know n as E. brevipila  
subsp.  tenuis  thus occurs  on roads ides  in N 
Sweden ,  in one ext remely well-defined type of  
m ow n  m eadow  on G ot land ,  in quite  ano ther  type 
o f  mown meadow  on the W  coas t ,  and in still 
ano the r  in the inland. T h e  reason for  this curious 
phenom enon  is not quite clear.

Several  Euphrasia  taxa  o f  semi-natural  grass­
lands have become rare today as old agricultural 
prac t ices  are given up;  some o f  them are on the 
verge o f  extinction and will only survive in 
reserves .  Th is  fact is s trong ev idence  for their  
synan th ropous  character .

E uphrasia  scottica  is not  classified above.  I have 
not  been able to find it again at its single known 
locality in Sweden,  M ars t rand  (Hylander  1945
p. 288).

An original area of synanthropous taxa

T h e  E uphrasia  taxa classified as synan th ropous  
in Sweden  may have had their  areas o f  origin in 
several  different regions.  F o r  two reasons ,  how ­
ever ,  1 would suggest that  hea th land and other  
coas ta l  habitats in W  Europe  have been of  
part icular  importance.

(1) T h e  genus  is distinctly more  polymorphic in 
w es te rnm os t  Europe.  Several  more  form series 
are met with in addition to most  of  those 
previous ly  discussed.  O n  the W coast  o f  N orway  
E. sco ttica  becomes  com m oner ,  and one poly­
morphic  taxon,  E. arctica  subsp.  borealis 
(Townsend) Yeo  is added.  In wes te rnmost  
D e n m a rk ,  E. arctica  subsp.  m inor  Y eo  (E . 
borealis  auct .  dan.)  and E. dunensis  Wiinstedt  
are added.  F u r the r  to the south-wes t ,  and on 
the N o r th  Sea islands there are still other  taxa.  
T h e  possibili ty of  subdividing the  stricta  
complex  into one small-f lowered,  ( l )-(4),  and 
one large-flowered,  (5)-(6), group,  as  suggested 
above  (p. 00) seems to be exc luded  in these 
areas.  Even the difference be tween  the stricta  
complex  and the m icrantha  complex  seems to 
becom e  quite subtle tow ards  the west.

F u r the rm ore  there  is indication that E. 
m icrantha, whose  present  wide European  
distr ibution is in all likelihood dependen t  on 
man,  is more  variable tow ards  the west.  The  
occurrence  o f  purple-f lowered variants  (var. 
primaria  (Fries) Hylander )  in the wes te rn  part of  
its Swedish area  (Hylander 1945 p. 286) is well 
known.

(2) M ost  au thors deal ing with heath communi t ies  
are in agreement that  heath vegetat ion has for 
long been character is t ic  o f  certain coasta l  loca­
tions (Gimingham 1972 p. 17), but tha t  its spread 
over  large parts o f  W  Europe  is associated  with 
man.  In our  time there is a strongly mari t ime belt 
with poor  or  no forest  growth along grea t  parts of  
the Scandinavian west  coast.  T h e  po o r  forest 
growth  seems to be cl imatically condi t ioned 
(Sjörs 1967 p. 111).

It may well appea r  tha t  those Euphrasia  taxa 
which have a vast  synanthropic distribution 
today have originated by selection from such 
areas of  biotypes  well suited for colonizat ion of  
habitats opened  up by man.

My knowledge o f  ex t reme western Euphrasiae  
and vegetat ion is very limited. T h e  above 
reasoning is thus simply a hypothesis ,  which can 
only be tested th rough field studies by botanists  
acquain ted  with local vegetat ion and its history 
in the areas concerned .

HYBRIDIZATION

T h e  indigenous and synanthropic  taxa  listed 
above  are the main building blocks  in the 
complex  variation of  Swedish Euphrasia .  T h e  
pat tern has been much obscured by hybridiza­
tion.

Hybrid iza t ion under  undis turbed condit ions 
seems to be of  limited impor tance .  Euphrasia  
stricta  var.  gotlandica  and E. salisburgensis  
o ccur  side by side in Gotland ian spring mires,  
but hybrids are found  as single plants  only.  T h e  
same relat ion seems to be present  be tween 
E. fr ig ida  and E. lapponica,  and be tween  the 
baltica  type and E. bottnica. Some transi t ional  
forms are admittedly  present  be tween  E. hyper-  
borea, fr ig ida  and fr ig ida  var  .pa lu s tr is .

M a n ’s re-structuring  of  the env i ronm ent 
made,  however ,  many Euphrasia  taxa  spread



54 T. Karlsson BOT. N O T ISE R  129(1976)

over  new ground.  During this spread they came 
in contact  with each other  in new constel lat ions.  
I f th e re  are sufficient internal or external  barr iers  
to gene exchange  between taxa,  they coexist  
without  losing their identity. In some places in 
Sweden,  E . r o s t k o v i a n a  comes in close contact  
with a race o f  the E .  s t r ic ta  group.  In a Skåne 
locality (H öges tads  mosse)  I have searched  in 
vain for hybr ids  in mixed colonies of  these two 
taxa; A lber tson  (1942) did the same in Väs te rgö t ­
land (Skogastorpskärret) .

H o w e v e r ,  if the original material was not 
sufficiently differentiated to make hybridizat ion 
rare or impossible,  and if the habitats  colonized 
were  sufficiently close to one another ,  the limits 
be tween  the biological units broke  down locally 
or over  large areas.  This  is what  has happened 
be tween races  o f  the E. s t r ic ta  group and 
E . n e m o r o s a  in Skåne,  on the W  coas t ,  and in 
E  Central  Sw eden ,  to cite ju s t  those regions 
from which the phenom enon  is best  documented  
by herbar ium material.  (In the last-mentioned 
area  things seem to be still more  complica ted  by 
the p resence  o f  a hairy E .  s t r ic ta  race  impossible 
to dist inguish from recent  hybrids.)  Hybr id  
swarms be tw een  E .  f r ig id a  and a s t r ic ta  race 
(E. b r e v ip i la  subsp.  t e n u i s ) are very  prominent  
in the mounta ins  (Smith 1920 pp. 220, 222).

Thus  has N a tu r e  in an enorm ous  exper iment 
tested the t axonom ic  status o f  the biological 
units,  more  r igorously than we can ever  hope to 
do in our exper imen tal  gardens. T h e  test has 
shown that  E .  s t r ic ta ,  n e m o r o s a  and f r i g id a ,  in 
the combinations  ju s t  discussed,  are not valid 
species,  as sum ing  that valid species are expec ted  
to show at least  some degree of  reproduct ive  
isolation. W e  can  with some just ice regard them 
as eco types  in the Clausen  sense of  the word 
(cf. the wel l-known example  of  P o te n t i l la  
g la n d u l o s a ,  Clausen  1951). Yeo  (1966 p. 243) 
reached the same conclusion.

In the cases  o f  E .  r o s t k o v ia n a  versus  s tr ic ta ,  
s tr ic ta  versus  s a l i s b u r g e n s i s ,  f r i g id a  versus 
l a p p o n ic a ,  and  b o t t n ic a  versus  b a l t ic a ,  the test  
of  natural  coex is tence  has, on the other  hand,  
shown tha t  the entities  are reproductively 
isolated and thus  we can confidently regard them 
as specifically distinct.

PARALLELISM

In E u p h r a s ia ,  as in som e o ther  European  genera 
of  annual  hemiparas i t es ,  different species often 
appea r  in quite similar variants  in similar or  
identical habitats.  This  is mainly the result o f  
parallel selection of  well-adapted biotypes,  
al though phenotypic  modificat ion also plays 
a part.  T h e  phenom enon  has been put in relation 
to hemiparas i t ism in an earlier  paper (Karlsson 
1974) and was  il lustrated with E u p h r a s ia  mate­
rial from southern  Sweden .  Let  us now examine 
the paral lel ism in g rea ter  detail on a slightly 
different  ar ray  of  taxa.

Length and number o f internodes

L e n g t h  o f  i n t e r n o d e s . T h e  length o f  internodes in 
the middle part  o f  the stem is obviously 
correlated  with the height of  the surrounding 
vegetat ion,  o ther  ex te rnal  factors  being the 
same.  Long in te rnodes  are found,  for example ,  
in plants  from fen and m eadow  habitats ,  where 
the vegetat ion is tall (10-30 cm) but modera te ly  
dense ;  and roads ides ,  when there  is a verge o f  
tall grasses  and herbs.  T h e  selective force may 
well be compet i t ion  for  light.

Shor t  in ternodes  are found chiefly in plants 
from ext remely  wind-swept areas,  like coastal 
and alpine habitats ,  and from heavily grazed 
areas.  T h e  select ive forces  may well be water  
s tress (water  loss being minimized in small 
com pac t  plants)  and grazing (tall plants  being 
bi tten off  and thus preven ted  from setting seed).

N u m b e r  o f  in t e r n o d e s .  T h e  n u m b e r  of  inter­
nodes  to the lowest f lower is s trongly correlated 
with the length of the vegetat ion period. This  is 
conce ivab le as the lower the node  of  f lowering 
is, the earl ier  the f lowering starts ,  and the earl ier 
are matu re  seeds produced .  A ra ther  high 
num b e r  o f  in te rnodes  is found in southern  plants 
in general .  A low num ber  of  in te rnodes  is found 
in nor thern  and alpine plants in particular;  but 
southern  plants  from m eadow s  where  the vege­
tation period is artificially shor tened  by mowing 
in the middle of  July also exhibit  this cha ra c te r ­
istic. This  relat ion be tween  lati tude and habit is 
immediate ly  seen when any nor thern  E u p h r a s ia  
is com pared  with its coun te rpar t  from southern  
Sweden ,  but it is best  dem onst ra ted  in the 
E .  s t r i c ta  group  which occurs  all over  the 
coun t ry  (Fig. 2).
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Fig. 2. Euphrasia stricta.  T he 
num ber of internodes to the 
lowest flower is strongly co rre ­
lated with the length o f  the vege­
tation period (in days). Southern 
collections with low num bers of 
internodes are frequently  from 
m eadow s where the vegetation 
period is shortened  by mowing.
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fri

a lp in e  h e a th

n o r th e r n S o u th e r n
m e a d o w

n o r th e r n s o u th e r n

Fig. 3. Parallel, habitat-correlated variation in 
Euphrasia.  T h e  specimens illustrated were randomly 
selected from collections which were in turn randomly 
selected from those  with a sufficient habitat descrip­
tion. Spon taneous material. All 1/4 natural size.

G iven the average ecological cond itions  for any 
Swedish Euphrasia  ty p e ,  it is in fact possible  to 
predict its average habit in term s o f  length and 
num ber o f  in te rnodes . T hus  the n o r th e rn  Tri- 
chophorum  caesp ito sum  fen plants E. frigida  
var. palustris  and E. hyperborea  are ex p ec ted  to 
be mutually similar, bu t to have few er and (by 
way o f  com pensa tion )  longer in te rnodes  than 
E. stricta  var. gotland ica  and the G otland  
population o f  E. salisburgensis .  T h ese  last two 
taxa grow in S c h o e n u s  fe rrug ineus  fens w here 
the tussocks are o f  abou t the sam e height as in 
the caesp itosum  fens. V arian ts  o f  E. stricta  and 
E. rostkoviana  from sou thern  fens with a taller 
vegetation o f  C arex  species and herbs  are 
expec ted  to have abou t the sam e n um ber o f  
in ternodes as the G o tland ian  fen taxa , only 
longer. All o f  these predic tions have been  quite 
strikingly verified (Fig. 3, bo ttom  row).

Euphrasiae  from subalpine Betula  g roves  with 
a fairly tall field layer are expec ted  to have as 
long and few in ternodes  as plants from sou thern  
mown m eadow s exhibit. In fact they  have  still 
few er in ternodes,  w hich suggests that the vege­
tation period in the subalpine m eadow  is in 
reality sho rte r  than the effective vegeta tion  
period in the sou thern  mown m eadow s (Fig. 3, 
middle row).

E. fr ig ida  from w ind-sw ept alpine hea th  has 
a habit that is strikingly different from tha t o f  the 
sam e species in subalpine m eadow ; bu t it is 
closely paralleled by E. lapponica  which grow s 
in exactly com parab le  sites (Fig. 3, top  row).

Branching.  T h e  m ode o f  b ranching  is partly  
determ ined  by the n um ber  o f  nodes available for

m o n ta n a

r o s tk o v ia n a

t e n u i s

b re v ip ila

s u e c i c a

s t r i c t a

Fig. 4. C apsu les ,  lower bracts , and seeds from Euphrasia.  U pper row: taxa with few internodes; low er row: 
related taxa with many in tem odes (E. hyperborea  has no obvious counterpart) .  T he illustrated populations and 
specim ens were randomly selected. Spontaneous material.
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branching. T h u s  the northern  plants in general 
are  very sparsely b ranched . T h e  average num ber 
o f  seeds necessary  for survival in different 
habitats  is ano ther  fac to r  o f  obvious im portance. 
T h e  greater the num ber o f  b ranches , the greater 
will be the num ber o f  capsu le s  and seeds. In the 
alpine environm ent w ith  a w et spring and a short 
sum m er, the mortality is obviously  m uch lower 
than in e.g. a dry sandy field in the  south ; there 
is no need for a great excess  o f  seeds and the low 
degree of branching is thus  no serious d isadvan ­
tage for the population. A similar explanation 
may be hypothesized  for the low num ber o f  
b ranches  in southern  fen Euphrasiae  in relation 
to plants from drier hab ita ts  (K arlsson 1974 Fig.
1). In addition, seed size m ay  have a co m p en sa ­
to ry  effect (cf. below).

Seeds, capsules, leaves

Large seeds, large em arg inate  capsu les,  and 
leaves with few obtuse  tee th  are found in all 
Swedish few -internoded E u p h ra s ia e . T h is  is still 
m ore striking when com parison  with their 
c losest relatives with m any  in ternodes is made 
(Fig. 4). It is ex trem ely  im probable that this 
association o f  four a t tr ibu tes  over six pairs of 
taxa  should be due to chance .  T h e  explanation 
for the association may be ( 1) tha t the charac ters  
have been selected for as form ing a w orking 
unit, (2) that they are due to ple io tropic effects of 
a limited num ber o f  genes,  o r  (3) that they are 
logically correlated . T h e  first and third a lte r­
natives can easily be applied.

If  the conclusion is a cc ep ted  that a low 
num ber o f  in ternodes is an adap ta tion  to a short

vegetation period, the large seeds  rich in stored 
nutrients may be seen as a n o th e r  adap ta tion . 
T h e  seedlings from large seeds are  them selves  
large (checked in cultivation), a great percen tage  
of them will be estab lished  and rapid e s tab lish ­
ment will result in the flow ering and fruiting 
stages being reached  m ore rapidly. U n d e r  such 
c ircum stances  the inherent d isadvantage in 
producing few seeds, which is com m on to all 
the few -internoded taxa, may well be c o m p en ­
sated for. Salisbury (1942 pp. 4-36) show ed that 
seed size w as related to habita t conditions ,  and 
concluded tha t large seeds are  advan tageous  
when rapid growth in the seedling stage is 
needed for survival.

C apsu le  size and form may be partially d e ­
pendent on the num ber and size o f  seeds.

T h e  fact that a low n um ber  o f  in te rnodes  is 
associated  with few ob tuse  leaf  tee th  seem s to be 
a case o f  logical correlation of charac te rs .  In 
few -in ternoded as well as m any-in ternoded  taxa 
there is a gradual transition along the shoot from 
leaves w ith  few ob tuse  teeth  nea re s t  to the co ty ­
ledons, via leaves with many acu te  or acum inate  
teeth  in the middle o f  the shoo t,  to leaves with 
few aris ta te  teeth  in the very  top  o f  the plant 
(Fig. 5). In the  few -in ternoded plan ts  the first 
flower is situated ra the r  low dow n on this 
“ sca le”  o f  leaf form s. W hen  leaf  form in 
Euphrasia  is discussed the low er b rac ts  are 
generally considered . T hen  the  few -in te rnoded  
taxa will o f  necessity  be classified as having 
leaves with few ob tuse  tee th , the n um ber  of 
in ternodes and the leaf  dentation  being nothing 
but two directly related scales fo r  describ ing 
flower position.

l a p p o n ic a

v
s a l i s b u r g e n s i s

s c o t t i c a

m ic r a n t h a

fr ig id a
h y p e r b o r e a

2  m m : s e e d s  

- 5  m m : le a v e s ,  c a p s u l e s

Fig. 4 (continued).
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13 tenuis

15 brevipila

m ontana

20 rostkoviana

Fig. 5. L ea f  series from four Euphrasia  specimens selected at random ; tenuis and m ontana  are few-internoded, 
brevipila and rostkoviana  corresponding many-internoded taxa. N um bers  refer to nodes; the lowest leaf 
subtending a flower is marked. Magnification variable, leaf length being kept constan t in all drawings.

Discussion

Valid species are  expec ted  to differ in several 
independen t charac te rs .  T h o se  ju s t  d iscussed 
canno t be regarded  as such a set o f  charac ters ,  
how ever.  T h e y  are  more correctly  looked upon 
as parts  o f  well-integrated adaptational com ­
plexes. Species in Euphrasia  differing chiefly in 
habit and hab ita t-corre la ted  charac te rs  should at 
once be suspected  as being misclassified 
eco types  in the T u re sso n  sense (e.g. the exam ple 
with H ierac ium  um bella tum ,  T u resson  1922). 
T h is  has far-reaching consequences  as length of 
in ternodes , node at which the low est flower is 
s itua ted , num ber  o f  b ranches , shape o f  leaves, 
and size and shape  o f  capsule are by tradition 
regarded  as being am ong the m ost im portant 
taxonom ic  cha rac te rs  in E uropean  Euphrasia  
(Yeo 1972 p. 257).

TAXONOMIC IMPLICATIONS

Serious doubt abou t the prevailing species con ­
cept in E uphrasia  has been arrived at via two 
independen t w ays of reasoning.

Som e o f  the m ost often used taxonom ic

ch arac te rs  have been shown to be m utually 
assoc ia ted  and dependen t on habita t.  1 consider  
that a num ber of the 46 Euphrasia  species today 
recognized in E u ro p e  (Yeo 1972) w ould , on 
close exam ination turn  out to be eco ty p es  in the 
T u re s so n  sense, m ore properly  recognized  at an 
infraspecific level if at all (cf. the trea tm en t o f  
M ela m p yru m  and R hinan thus  in F lo ra  
E u ropaea ,  Soo & W ebb  1972).

A m ore  satisfactory  basis for the delimitation 
o f  ta x a  at the rank o f  species seem s to  be 
available w hen at least som e o f  the  following, 
fairly independen t charac te rs ,  co incide  and 
differ be tw een  related taxa: f low er size and 
co lour,  indum entum  o f  leaves, general leaf form , 
habitat re la tionships, geographical d is tribu tion , 
and ch rom osom e num ber. T here  are , how ever,  
quite a num ber o f  tax a  that show  good d ifferen­
tiation in this respec t ,  but still do not s tand  the 
test o f  natural coex is tence  (p. 54). T h e  ex tensive  
b reakdow n of d ifferences by hybridization 
m akes the species rank inappropria te  even  in 
these  cases.

In m y opinion the only taxonom ic  trea tm en t 
that faithfully exp resses  the facts  rev iew ed  
above  is one  w hich allows five species in 
Sw eden , viz. E. salisburgensis  (with tw o sub-
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I species),  E. rostkoviana  (with three  subspecies), 
I E. bo ttn ica , E. m icran tha  (with tw o subspecies),  

and E. stricta  (with preliminarily six subspecies).
T h is  tax o n o m y  is an obvious break with 

tradition in the genus. H ow ever ,  although it is 
generally  considered  that the criteria  on what 
cons ti tu te s  a valid species may vary a little from 
group  to group, the p resen t species concep t in 
Euphrasia  m ay well be said to be e rroneous . It 
leads to the recognition o f  at least six endem ic 

I species  in N W  E urope , a g laciated area  with 
a very  young flora. N o  m echan ism  like 
alloploidy, apom ixis, or p ronounced  genetic 
drift, which may lead to rapid speciation, is 
know n within the genus.

T h e  aim o f  this paper is to give some fresh 
m ateria l to  the old debate  on the species concep t 
in E uphrasia .  The principles outlined here will 
be applied  in a series of papers  dealing with 
separa te  groups o f  Sw edish  E uphrasia  in greater 
detail.
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A PPENDIX 

D ata on the figures

Fig. I . Full data  on the populations, specified here by 
the au thor 's  collection num bers,  will be given in 
a future publication.

Fig. 2. Means of five counts p er  locality; all material 
o f  the E. stricta  group in G B , LD, S and U PS  was 
utilized. T he  locality means w ere  plotted on a map, 
from which the histograms here presented  were 
construc ted . F o r  zone 200-210, only 6 0 %  o f  the 
material m easured was used for the histogram. T he  
d a ta  on length o f  vegetation period is taken from 
Lundqvist (1953).

Fig. 3. A u th o r’s collections (three exceptions). 
P rovince, parish, locality, and au th o r’s collection 
num ber given. Alpine h ea th : fr ig ida ,  Jäm tland F ros t-  
viken M esklum pen (802); lapponica,  T o m e  lappm ark 
Pesisvare  17.8 1916 Sam uelsson  (BG). -  M eadow: 

fr ig ida ,  Jäm tland Åre Saxvallsklumpen (780); hyp er­
borea,  Jäm tland Åre Rundhögen  (756); suecica,  G ot-
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land V allstena Alvne (735); m ontana ,  Västergötland 
Brunn Kälkared 6. 1939 W estfeld t (UPS); tenuis, 
G otland  Öja Lasses (737). -  Fen: fr ig ida  var. palustris,  
Jäm tland  Åre T äljs tensberge t (773); hyperborea,  
Jäm tland  F ros tv iken  Storlidfjället (809); salis­
burgensis,  G o tland  H angvar  Kvie (748); stricta  var. 
gotlandica,  G o tland  Bäl 10.8 1938 E. T h .  F ries  (S); 
brevipila, Skåne R am såsa  R am singegårdarna (105); 
rostkoviana,  Skåne T rän e  Körning (21).

Fig, 4. A u th o r ’s collections (five exceptions). 
P rovince, parish, locality, and au th o r’s collection 
num ber given; m ontana ,  V ästergötland  Brunn K älka­
red 6. 1939 W estfeld t (UPS); rostkoviana,  Skåne 
D agsto rp  Dagstorps  m osse (113); tenuis,  G o tland  Öja 
L asses (737); brevipila, Skåne V V ram  Ringleholm 
(36); suec ica ,  G o tland  V allstena A lvne (735); stricta,

G otland  Rute Fardum e 28.8 1932 E. T h .  Fries (S); 
lapponica,  T o rne  lappm ark Pesisvare 17.8 1916
Sam uelsson (BG); salisburgensis,  Switzerland Tessin  
16.8 1967 G re u te r  & Hainard (O U LU ); scottica,  
N o rw ay  H ardanger  O dda 30.7 1912 Selland (LD); 
m icrantha,  Skåne N Mellby Sandåkra (557); fr ig ida,  
Jäm tland  Are Handöl (772); nemorosa,  Skåne Långa- 
röd Sjököp (642); hyperborea,  Jäm tland Frostviken 
Storlidfjället (809).

Fig. 5. A u th o r ’s collections (one exception). Province, 
parish , locality, and a u th o r ’s collection num ber given; 
tenuis,  G o tland  Öja Lasses (737); brevipila, Skåne V 
V ram  Ringleholm (36); m ontana,  Skåne S Sandby 
K ungsm arken  30.6 1897 Simmons (LD); rostkoviana, 
Skåne  D agstorp  D agstorps mosse (113).
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The genus Hellmuthia Steud.
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T he  morphology of Hellmuthia (Scirpus) m em b ra n a cea  is described and illustrated. This 
species has spikelets resembling the flowers of Scirpeae, but set betw een a pair o f  t ran s ­
versely arranged scales which are ciliate on the margins and strongly ciliate on the keels. It 
does not belong to Scirpeae, and should be included in M apanieae. T h e  genus H ellm uthia  
Steud. is reestablished and the new com bination  H. m em branacea  (Thunb.) R. H aines  & 
K. Lye is coined.

Richard  Wheeler Haines, D epartm en t  o f  A n a to m y ,  University o f  Tasmania, H obart,  
Australia 7001.
Kåre Arnstein Lye ,  Botanical Institu te ,  The Agricultural University o f  N o m a y , N-1432  
Å s -N .L .H . ,  Norway.

Scirpus m em b ra n a ce u s  T hunb . (Fig. 1) is a strik­
ing South  African coasta l species described  and 
figured by C la rke  in the “ F lora  C ap en s is”  (1901—
2) and his “ Illustra tions of C y p e ra c e a e ” (1909) 
and again by Schönland (1922). It differs from 
o the r  Scirpus  species in its large heavy 
“ sp ike le ts” , rounded  w oody fruits and peculiar 
“ p e r ia n th ” , but has always been  considered 
a true m em ber o f  the Scirpeae. N ees  (1835) 
transferred  Scirpus m em branaceus  to Isolepis,  
K un th  (1837) transferred  it to Ficinia, while 
Steudel (1855) classified it in a new genus 
H ellm uth ia  as H . restioides  Steud.

T h e  species has held a special position in the 
“ synanthial th e o ry ”  o f  M attfeldt (1938) and 
his followers. H olttum  (1948) and  Schultze- 
M otel (1959), using C la rk e ’s w ork  as their 
source , believed it to  indicate the w ay in which 
a m apanioid type  o f  synanthium  had becom e 
transfo rm ed  into a single flower o f  scirpoid type. 
Bentham  & H o o k e r  (1883) suggested that S. 
m em b ra n a ce u s  connec ted  the tw o genera 
Scirpus  and H ypoly trum .  H aines (1966), again 
from C la rk e 's  draw ings, suggested tha t it should 
perhaps, be transferred  from Scirpeae to 
M apan ieae . Clearly a new exam ination  and 
assessm en t o f  this plant is required and a recent

co llec t ion , Lye 6660, has p rovided  several new  
details  o f  its s truc tu re .

M ORPHOLOGY AND ANATOMY

Sc irpus  m em b ra n a ce u s  T hunb . is a robust 
tu sso ck y  perennial sedge with short w oody  
rh izom es and grey strongly hairy roots. C u lm s 
30-80 cm  long and 1.0-2.5 mm thick, te re te ,  
g labrous; the  central part of the  culm consis ts  of 
b row n  pith (ae renchym a) w hich is su rrounded  by 
25-35 (in ou r  materia l) vascu la r  bundles; b e ­
tw een  the v ascu la r  bundles and the ep iderm is  
the re  is an a rea  o f  thick-walled sc le renchym a 
w hich a l te rna tes  with ch lo renchym a (Fig. 2 A , 
B). L eav es  up to  30 cm  long, but usually m uch 
sh o r te r ,  1-3 mm  w ide, reniform to lunate  (in 
section) with scabrid  m argins; the th ro a t  and 
lateral parts  of the leaf-sheath  m em branous ,  light 
grey with redd ish -b row n do ts ,  in older culm s 
b reak in g  up into a filigree pattern ; the basal 
shea th s  brow n, sh o r te r  and th icker, a lm ost 
scale-like. T h e  lea f  is dorsiventra l with a single 
row  o f  vascu la r  bund les  arranged  in a crescen ti-  
form  a rc  (Fig. 2 C ,  D). T h e  adaxial ep iderm is- 
cells a re  larger than  the  abaxial. T h e  scleren-
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Fig. 1. H ellmuthia  m em b ra n a cea . -  A: Habit. -  B, C: Inflorescence. -  D: Base o f  shoot. -  E: Innovation. -  
F: C one o f  spikelets with basal prophyll (p). -  G : Plan o f  spikelet and subtending cone bract  (b). -  H: C one 
bract. -  I: Spikelet. -  J: Keeled scales o f  spikelet. -  K: Base of spikelet. -  L: Keeled scale. -  M: S tam en. -  
N : A chene  with filaments (f). -  D raw n from Lye 6660.

I Fig. 2. H ellm uth ia  m em b ra n a cea . -  A: Section of culm , x3 0 .  -  B: Section through part o f  culm showing 
epiderm is (e), sclerenchym a (s), ch lo renchym a (c), parenchym a (p) and young vascular bundle (v), x  110. -  C: 
Section o f  leaf, x30 .  - D :  Section through leaf-edge showing epidermis (e), sclerenchym a (s), ch lo renchym a (c) 
and young vascular bundle (v), x  110. -  E: Edge of cone bract from inflorescence showing m inutely den ta te  
margin. -  All from Lye 6660. D raw n by G e rd  Mari Lye.
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chym a consists  of small thick-walled cells which 
surround the vascular bundles or are situated 
below the  abaxial epiderm is opposite the 
vascular bundles.

In flo rescence a solitary cone or m ore c o m ­
monly a condensed  head o f  2-10 sessile cones. 
M ain in florescence-brac ts  leafy with m em ­
branous base ,  usually 3 per inflorescence, more 
rarely 2-5 , usually longer than  the inflorescence; 
additional bracts  are entirely  m em branous or

Fig, 3. Hellmuthia m em branacea . -  A:  A chene, x 22. -  
B: Surface-pattern of achene, X370. -  C: Section 
through fruit-wall, x230. -  F rom  Lye 6660.

with a green midrib. C o n es  10-30 mm long and 
6-10 mm wide, ovoid, ob tuse ; each cone has 
a wide, transversely  wrinkled prophyll at its base 
and num erous  closely im bricate  scales spiralled 
round the cone axis. Scales 7-9  mm long and 4-5  
mm wide, broadly ovoid with minutely den ta te  
(Fig. 2 E) and torn margin, concave , m em ­
branous, light rusty-brow n with dark  reddish- 
brow n dots, near the apex  stiffer and darker. 
E ach  scale, even the low est,  sub tends a single



The genus  Hellmuthia  65BOT. N O T IS E R  129 (1976)

'UumtW
'UUM -LUS

*4aiunv

WU1M tyjALUJJJ

iüjjuuwjJ

Fig. 4. H ellm uth ia  compared with o th e r  M apan ieae . -  A: H ellm u th ia ; inflorescence, spikelet, plan, achene and 
section of achene .  -  B, C: T horacostachyum  bancana  K unz and Scirpodendron costa tum  Kunz (from Clarke 
1909).- D ,  E  ' .Mapania rhynchocarpa  G . Lourougnon & J ,  Raynal and H ypoly trum  secans  (K. S chum .)J .  Raynal 
(from Raynal 1968 a, b). -  F: Principia grandis  Uitt. (from Uitten 1935).

bisexual “ f lo w e r”  with 3 s tam ens and  a sharply  
trigonous ovary  with a 3-fid style. But w hereas  
the upper “ f lo w ers” o f  the cone  are  naked the 
low er 4-6  have  a m em branous “ p e r ia n th ”  at the 
base. A n th e rs  2 .5-4.0 mm long and 0 .3-0 .5  mm 
wide, yellow , linear, ending in a triangular 
redd ish-brow n ciliate apex; f ilam ents  7 -9  mm 
long and 0 .4 -0 .5  mm wide, pale, much flattened. 
Style 6-7 m m  long, reddish-brow n with style- 
branches 4—5 mm long.

A chene  2 .2 -2 .6 mm long and  2 .0-2 .2  mm 
wide, dark  greyish-black, alm ost c ircu lar  in o u t­
line, but w ith a cuneate  base; it is m uch flattened 
with hard ly  any trace o f  the original trigonous 
sta te  o f  the  ovary  (Fig. 3 A). I ts  su rface  is 
m arked by hollows and undula ting  ridges (Fig. 
3 B). It falls with the stout filam ents  of the  3
5 -  B otan iska  N o tise r

stam ens a ttached  to its narrow ed base. T he  
achene wall has a 1-layered exocarp  with a thick 
cuticula, a thick a lm ost w oody m esocarp  and a 
thin endocarp  (Fig. 3C ). In ou r  material fruits 
were ripened only by the upper “ f low ers”  with­
out “ p e r ia n th s” , those  with “ p erian th s”  having 
failed to develop. C la rk e ’s drawing, how ever, 
show s a ripening ovary  in a “ f low er”  provided 
with scales, so there  is little doubt that all the 
“ flow ers”  are potentially fertile.

C larke  (1909) figured “ flow ers”  both with and 
without the “ p e r ia n th ” , showing it as a pair o f  
som ew hat irregular folded keeled scales with 
too thed  margins placed transversely . Schönland 
(1922) noted tha t “ s tructu res  which most b o ta ­
nists would cons ider  as prophylls w ere also 
occasionally  fo u n d ” , but did not figure them. W e
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have found the scales jo ined adaxially below, 
ciliate, not toothed, at the margins and strongly 
ciliate on the keels. T h e y  bear no resem blance to 
the true perianth  m em bers  found in o ther  species 
o f  Scirpus  s. lat. T h ey  can , how ever,  be matched 
precise ly , particularly as regards the ciliation o f  
the keels, in the inflorescences o f  M apanieae 
(Fig. 4). Principia  appea rs  to be the only genus o f  
M apan ieae  in which the  keels are not ciliate and 
Chrysithrix  the only genus w ithout keeled scales, 
though in Scirpodendron  they are lacking in the 
upper “ f low ers”  as in Scirpus m em branaceus  
(Kern 1962). O therw ise  the keeled scales are 
uniform throughout the  tribe.

T h e  Cyperus  type em bryo  is figured by van der 
V eken (1965) who classifies our plant in Scirpus  
sect. H oloschoenus  (Link) K och, but m entions 
the possibility o f  its being a Ficinia,  as suggested 
by its narrow  fruit base  and geographical d is tr i­
bution. In  M apania  and H ypoly trum ,  the only 
genera o f  M apanieae  in which the em bryo is 
know n, it is ex trem ely  im m ature, resembling 
that o f  a J  uncus  (Juguet 1970). But D idrichsen  
(1897) found such an em bryo  in Cladium,  w h e re ­
as m ost R hynchospo reae  have advanced  
em bryos  (Verbelen 1970). Possibly im mature 
em bryos are associa ted  with slow germination.

2 or 3 additional em pty  scales above. All the 
scales and s tam ens  are  crow ded  on a very short 
rachilla  ending in a naked ovary  and 2- or 3-fid 
style. In all genera  the fruit is a w oody-walled 
rounded  nut. W e suggest that Scirpus  
m em b ra n a ce u s  should  be placed in M apaniinae 
b ecause  o f  its keeled and ciliate hypogynous 
scales and thick-walled achene and the genus 
H ellm u th ia  S teud. be reestab lished  for this 
species. I t  differs in its habitat from most 
m em bers  o f  the group which grow along the 
poorly lit margins and  on the floors of dam p 
fo res ts ,  especially along s tream s, and are slow- 
growing broad-leaved  plan ts  (Raynal 1968 a), but 
it resem bles  certain  Sou th  A m erican  species o f  
H yp o ly tru m  (K oyam a 1967, 1970).

NEW  COM BIN A TIO N

H ellm uthia  m em branacea  (Thunb.) R. Haines & K. 
Lye ,  com b. nov. Basionym: Scirpus m em branaceus  
T h u n b . in P rodr.  Plant. C apensium  p. 17 (1794). Syn. 
Hellm uth ia  restioides  Steud. in Syn. PI. Glum. 2, p. 90 
(1855); Isolepis m em branacea  N ees  in Linnaea 9, p. 
291 (1835) and Ficinia m em branacea  Kunth in Enum . 
2, pi 252 (1837).

TA X ON O M IC POSITIO N

T h e  tribe M apanieae  or H ypo ly treae ,  as it is 
som etim es called, is separated  from Scirpeae 
because o f  its tw o ou te r  hypogynous scales, 
transverse ,  folded an d  sharply keeled, ciliate or 
spinulose on the keel, free or som etim es conna te  
on the adaxial side.

M apanieae  with relatively simple spikelets 
w ere placed together as M apaniinae by Pfeiffer 
(1925). Thoracostachyum  and m ost species o f  
H ypo ly trum  have panicled inflorescences (Fig. 
4). M apania  and a few species of H ypoly trum  
have condensed  h ead s  (N elm es 1955, Raynal 
1968 b). All have the paired, cilia te-keeled basal 
scales, each  subtending  a solitary stam en, bu t in 
some species the scales  are jo ined  (K oyam a 
1959, 1961, Kern 1962). In H ypo ly trum  these  are 
usually the  only scales and stam ens in the 
spikelet, but there may be a third unkeeled  
abaxial scale subtend ing  a third s tam en. In 
M apania  and Thoracostachyum  there are, 
besides the  2 or 3 scales subtending s tam ens ,
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A nomenclatural note

Aponogeton afroviolaceus K. Lye, nom. nov.
Basionym: A .  violaceus  K. Lye in N orw . Journ .  Bot. 
18, p. 187 (1971) and Bull. Jard . Bot. N a t.  Belg. 43, 
p. 205 (van Bruggen 1973), n o n /4 ,  violaceus  Lagerh. 
in Svensk  Bot. T idskr. 14, p. 168 (1920).

I would like to thank  D r  T. Y am ash ita  o f  T o k y o  
w ho has found L age rhe im ’s descrip tion  of
A .  vio laceus  h idden away in an em bryological 
p ape r  by Afzelius. T h e  nam e A . violaceus

Lagerh. has been  overlooked by the com pilers of 
Index K ew ensis ,  by m yse lf  (Lye 1971) and by 
the world m onog rap h e r  o f  A p o n o g e to n  D r  van 
Bruggen (1968, 1973).

K åre A rnste in  Lye 
D ep a r tm en t o f  Botany  
Agricultural U n ivers ity  o f  N o rw ay  
N-1432 Å s-N L H , N o rw ay



On pollen of Campanulaceae 
III. A numerical taxonomic investigation
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A numerical method has been applied to the study o f  the pollen grains of 38 species o f  
C am panulaceae  chosen as being representa tive o f  the different morphological types o f  the 
family. T he recorded factors are weighted as to presum ed taxonom ic value and the 
percentual similarity is calculated. T he  result is presented as a dendrogram . Species o f  
G ooden iaceae  and Sphenocleaceae have been included for com parison. T he m ethod 
used  dem onstrates the com pound pattern consisting of more than one  type o f  fine structure 
o f  the sexine. Palynological evidence suggests a new circumscription of the subfamily 
Cyphioideae.
Anita  Dunbar, Institute o f  Botany, University o f  S tockholm , L . Frescati, S-10405 S to ck ­
holm  50, Sw eden .
H ans-G eorg  Wallentinus, Roya l Insti tu te  o f  Technology, D epartm ent o f  Land  Im prove­
m en t  and  Drainage, S-10044 S tockholm  70, Sweden.

A  num erical m ethod has been used to study the 
pollen grains o f  38 species o f  C am panu laceae  
and a few species o f  G oo d en iaceae  and S pheno­
c leaceae. T h e  investigation is based  upon  infor­
m ation gained in D unbar  (1975 a, b). S ince then 
fu r ther  species o f  the genera  Githopsis,  
A d en o p h o ra ,  N em a c la d u s ,  I so to m a  and Lobelia  
have been  exam ined  using scanning and trans­
mission electron  m icroscopy. In general the 
pollen grains o f  Githopsis, N e m a c la d u s  and 
I so to m a  show  a close rela tionship  to those 
investigated in D u n b a r  (1975 a, b) while in 
A d en o p h o ra  some difference is evident. T h e  
Lobelia  species show  similarity e i ther  to the 
re ticu la te-s tr ia te  pattern  o f  Lobelia  dor tm anna  
or to the strictly str ia te  type o f  sexine o f  Lobelia  
zeylanica.

In D u n b a r  (1975 a, b) 80 species  o f  C a m ­
panulaceae  were investigated while in the 
p resen t p ape r  only one o f  tw o or more similar 
species o f  a genus is rep resen ted .  M ost  au thors  
divide the family into th ree  subfamilies: Cam- 
panu lo ideae , C yphio ideae and  Lobelioideae. 
This subdivision will be used in the present 
paper.

M ET H O D

This investigation is to be regarded as a test o f  the 
suitability of using pollen grain charac ters  in numerical 
taxonom y. Since characters  o f  the surface u ltra­
structure only are included, the num ber o f  charac ters  
is limited. T he  characters  o f  the pollen grains are 
given a numerical value, viz. 1, 3, or 6 (Table 1) 
according to their presum ed taxonom ic value. This 
series was employed since the com puter program 
applied was originally designed for use in plant 
sociology where these values w ere  used. T he  aperture 
condition is considered to be the most im portant 
together with the presence or absence o f  spinules and 
verrucae.

T h e  taxa (operational taxonom ic units, O T U s ,  o f  
this investigation) are com pared  as to  weighted 
percentual similarity according to  formula (1), where P 
is the per cent o f  similarity.

t is the numerical value of each  factor (Table 1) and 
2 A t is the difference in t betw een two com pared  
O T U s. / and j  are the two O T U s  com pared. I t  is the 
sum o f  the numerical values o f  the t 's  for each O T U . 
T h ese  values are given in T ab le  1.

Som e examples of the way P  is calculated will be 
given here. Cam panula  rapunculoides  and C. uniflora  
have P=  90%, 2 A t is 2 (1+1, with the differences 
in factors 11 and 12), the sum o f  the t 's  is 20 (10+ 10).
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Table 1. The numerical values of characters used. Taxon numbers refer to Fig. 1.
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F actor num ber 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Campanulaceae
Campanula rapunculoides . . . .  1
C. u n iflo ra ..................................... 2
C. alliarifolia ..............................  3
C. carpatica ................................  4
C. speciosa  ..................................  5
C. trachelium  f. alba .................  6
C. americana  ..............................  7
Asyneum a canescens ...............  8
Phyteuma sc h e u c h ze r ii.............  9
Symphyandra a r m e n a ...............  10
S .h o fm a n n i i ................................  11
Edraianthus serpyllifolia ......... 12
Wahlenbergia denticulata  . . . .  13
W . krebsii ..................................... 14
W. und ul at a ................................  15
Adenophora  sp..............................  16
Jasione m ontana  ........................ 17
Roe 11 a sp .........................................  18
Githopsis specularioides ......... 19
Prismatocarpus pedunculalus . 20
Platycodon grandiflorum  .........  21
Campanumoea lancifolia ......... 22
C. maximowiczii ........................ 23
Canarina eminii .......................... 24
C. abyssinica  ..............................  25
Ostrovskia magnifica  ...............  26
Cyananthus sp............................... 27
Codonopsis sp...............................  28
Cyphia sp........................................  29
Parishella californica ...............  30
Nem acladus ru b e sc e n s   31
Cyphocarpus sp ............................. 32
Laurentia petraea  ...................... 33
L . carnosula ................................  34
Lobelia dortmanna  ...................  35
L. zeylanica  ................................  36
Isotom a anemonifolius .............  37
Downingia elegans .................... 38

Goodeniaceae
Scaevola  sp ....................................  39

Sphenocleaceae
Sphenoclea zeylanica ...............  40

Frequency

13

18 1 4 28 9 12 1 1 15 4 21 63i
>
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Fig. 1. D endrogram  of representa tives  o f  C am panulaceae , G ooden iaceae  and Sphenocleaceae, based on pollen 
grain charac te rs .

90% could be directly calculated from formula (1). 
Platycodon grandiflorum  and C a m panum oea  lanci- 
fo lia  differ in aperture condition an d É A t will thus be as 
high as 12 (6+ 6  for factors 5 and 4 resp .) ,  sum o f  the / ’s 
is 20 (10+10) and the similarity is 40%. Sphenoclea  
zeylanica  and Parishella californica  has P = 0  since 
2 A / is 23 (6+ 6 + 3 + 6 +  1+ 1) and the sum of the t 's  is 
also 23.

All taxa are  com pared in this way. T h e  two most 
similar O T U s are then connected  in a diagram (Fig. 1) 
at the level indicated by P.  In the first step several 
taxa are found to be identical as to the factors 
m easured. A n  example of this is A syn e u m a  canescens,  
Phyteum a scheuchzerii,  and Sym phyandra  arm ena.  
T hese  species are connected  a t / >= 100% . In the next 
step the tw o  combined O T U s are treated as a new 
O TU containing all the charac ters  from the two 
“ paren ts” . F o r  example, the com bination Campanula  
rapunculoides  and C. alliarifolia has P=  95%. T h e  new 
O TU will contain the same factors  as C. alliarifolia. 
If, on the o th e r  hand, C. rapunculoides  and C. uniflora 
had been combined (P= 90%) the new  O T U  would 
have added one factor and the sum o f  t would have 
increased from 10 to 11.

After this primary com bination, the new O T U  is 
considered together with all the o ther  O T U s and again 
the most similar O T U s are com bined and connected 
as in Fig. 1. T he procedure  is continued until only 
one O T U  rem ains, comprising all taxa  and all factors.

RESULTS AND DISCUSSION

A t the 50% level the dendrogram  could be 
divided into six groups (Fig. 1). G roups  1-4 
enclose  genera  and species o f  C am panulo ideae, 
group 5 o f  C am panu lo ideae  and Cyphio ideae 
while group 6 consists  of species and genera 
belonging to C yph io ideae  and Lobelioideae. 
G ro u p  1 encloses  all the 3^1-porate pollen 
grains, while 6- and 12-porate  pollen grains 
belong to groups 3 and  4 respectively . T h e  5-6- 
co lpora te  pollen grains o f  the  family belong to 
group 2, and due apparen tly  to similarities in 
charac te rs  which have been  given lower value 
they  are connec ted  to the  3 -4 -pora te  group at 
the 37% level. H o w ev er  th e  6- and 12-porate 
grains only show  a 30% similarity to the 3-4- 
po ra te  group. G ro u p  5 enc lo ses  6-9-colpate  and 
3-colporate  pollen grains w ith sp inules/verrucae. 
G ro u p  6 consis ts  o f  3 -co lpa te-co lpora te  pollen 
grains lacking sp inu les/verrucae.

T h e  m ethod  d em o n s tra te s  the com pound 
p a t te rn  consisting o f  tw o ty p es  o f  fine structure
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in the  sexine (D unbar 1975 a, b) in the  species 3 -  
16. T h e y  are  distinctly recognized  from the 
c lu ste rs  o f  the species 1-13 with one com ponen t 
o f  the  co m p o u n d  p a t te rn  and also from the 
c lu ste rs  o f  the species 5-18 contain ing  the  o ther 
co m p o n en t  o f  the  com pound  pattern  (Fig. 1).

A s  regards  the suggested line of evolu tion  of 
the  fine s truc tu re  from ridges to  finger-like 
e lem en ts  (see D u n b a r  1975 b p. 118, Fig. 9) the 
p resum edly  m ore  advanced  pa tte rns  in species 2 
and 4 toge ther  with the  atypical pattern  in 
species 6 show  a similarity of 72% to the  rest of 
the  species  in group 1.

A similarity o f  only 20% connec ts  the porate 
pollen grains with the co lpa te -co lp o ra te  grains 
(excep t group 2). T he  3-9-colpa te  and 3- 
co lpora te  pollen grains are divided into two 
g roups with a similarity o f  47%. In group 5 rather 
different cha rac te rs  o f  low er values are 
rep resen ted ,  no species being jo ined  at the  100% 
level (Fig. 1). G ro u p  6 , on the  o ther  hand , show s 
a slightly higher degree o f  similarity with two 
subgroups, (a) and  (b); the species o f  subgroup 
(a), 29-38, charac terized  by 3-colporate
aper tu res ,  the species o f  subgroup (b), 33-36, by 
3-colpate apertu res .

T h e  suggestion in D u n b ar  (1975 b) that 
C yph io ideae  prov ides  a link be tw een  the two 
o the r  subfamilies in C am panu laceae , C am p an u l­
o ideae  and Lobelio ideae is supported  by the 
results  in the p resen t investigation. O n  the o ther  
hand ,  with regard to hom ogeneity  the  delim ita­
tion o f  C yph io ideae  is, from a palynological 
point o f  v iew, open to discussion. T h e  species

30 and  31, N e m a c la d u s  rubescens  and Parishella  
californica,  a re  similar to som e genera  of 
C am p an u lo id eae  ra ther than to the genus 
C yphia .  W ith regard  to  pollen m orphology they 
could  be rem oved  from C yph io ideae  to 
C am p an u lo id eae ,  while 32 C yphocarpus  
(Cyphio ideae), strongly resem bling for exam ple 
I so to m a  anem onifo liu s  (Lobelio ideae), could be 
placed  in the subfamily Lobelio ideae.

T h e  families G o o d en iaceae  and Spheno- 
c leaceae  are closely connec ted  to  C am p an u l­
aceae. T h is  m ay be due to the fact that only 
surface  ultra  structura l ch a ra c te rs  and no 
cha rac te rs  revea led  by T E M  (transmission 
e lectron  m icroscopy) are inc luded  in this investi­
gation. F u r th e r  T E M  investigations may give 
ev idence  o f  a less close similarity betw een the 
three  families.

A s different factors  have  been given different 
num erical values the fac to rs  with higher values 
will often be  determ ining  in separating  the 
groups. But within the groups fac to rs  with low 
values and in term ediates  be tw een  such factors  
will be determining.
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Meiosis has been studied in Brassica cretica  Lam . ssp. cretica  and ssp. nivea (Boiss. & 
Spr.) O nno. Plants grown from spontaneous seed and experimental hybrids w ere  in­
vestigated. A lm ost all had 2n=18. Only 6 out of o v er  1,000 F j  and F 2 hybrids show ed 
deviating chrom osom e num ber in root-tip mitosis. A t M I quadrivalents  were observed  in 
several cases, o ther types of d is turbances  being rare .  At A I, cells with bridges and /o r  
laggards were observed . T h e  in terpre ta tion  o f  these  d is turbances  is discussed. In the 
material as a whole no significant correlation be tw een  meiotic d isturbances  and pollen 
stainability was found. T h e  presum ed nature o f  the breeding barriers is d iscussed.

M ats Gustafsson, Beng t Bentzer,  R o la n d  von B o th m er  and Sven Snogerup, D epartm en t  o f  
Plant Taxonom y, University o f  L und , Wallenberg Laboratory , F ack  7031, S-220 07 L und,  
Sweden.

Inves tiga tions  on meiotic behav iou r  in cu ltivated 
varieties o f  Brassica oleracea  L . as well as in 
spon taneous  material have been carried out by 
C a tch es id e  (1937), Wills (1966), M izushim a 
(1968, 1969), Z d råha lovå  (1969), C urran  (1970), 
Sam pson  (1970), and others. T h is  investigation 
form s part o f  a m ore com prehensive  study that 
aims a t e lucidating  the biological and phytogeo- 
graphical re la tionships betw een M edite rranean  
taxa  o f  the  Brassica oleracea  group.

T he aim o f  this particular investigation was to 
elucidate: ( 1) to w hat extent m eiotic irregulari­
ties o c c u r  in natura l populations o f  B. cretica  
L am .;  (2) the effects o f  these  irregularities on 
male fertility; and (3) meiotic behav iour in F j 
offspring represen ting  crosses within and 
be tw een  taxa . O th e r  indications o f  hybrid vigour 
and fertility w ere  also observed: seed germ ina­
tion, vegeta tive  developm ent,  pollen stainability 
and seed setting.

THE BRASSICA CRETICA COMPLEX

T h e  m ateria l trea ted  belongs to  sect. Brassica  in 
a limited sense ,  i.e. the 18-chromosome group  o f  
species  closely related to Brassica  oleracea  L. 
T h e  B. cretica  com plex  occurs  in G reece  in the 
Ionian Is lands ,  Peloponnisos ,  A ttica , C re te ,  the 
A egean  is lands and peninsulas no rthw ards  to 
A th o s ,  and  in the sou thw estern  coastal parts  o f  
T u rk e y .  T h e  com plex  as a w hole  is recognized 
by the  sh rubby  habit and g labrous, stiff, fleshy 
leaves  w ithou t pointed lobes. T h e  populations 
inhabit cliffs o r  small rocky  islands and are 
generally  small, i.e. less than  1,000 individuals, 
som e even  consisting  o f  less than  50 individuals.

T h e  varia tion  within the B. cretica  com plex  is 
o f  tw o types: regional variation be tw een  form s 
from  parts  o f  C re te  and  Peloponnisos and those  
from the res t o f  the area , and considerab le  local 
varia tion b e tw een  single populations or groups 
o f  popu la tions .  Local variation is especially  
p ro n o u n ced  b e tw een  isolates in the  K ikladhes. 
T h e  varia tion is so irregular, how ever,  that we 
canno t accep t taxonom ic  rank  for any o f  the  S 
A egean  fo rm s desp ite  the decidedly  deviating
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appearance  o f  som e of them. Some o f  these 
form s have been  re ferred  to as B. aegaea  Heldr. 
& Hal. A detailed  report  on the variation pattern  
and a formal taxonom ic  trea tm en t will be 
published separa te ly .  W e accep t the following 
two subspecies:

B. cretica Lam . ssp. cretica

Leaves ±  short-s ta lked , e ither lobed basally or 
simple, d ecu rren t  on the petiole, usually semi- 
am plexicaul. F lo w ers  yellow or rarely cream - 
coloured. O rn am en ta tio n  o f  seeds varied but 
with the m eshes  n ev e r  as distinct as in ssp. 
nivea.

G reece : Ionian Is lands, coastal localities o f  Pelopon­
nisos and C re te ,  the A egean area. T urkey: T h e  SW 
parts.

B. cretica Lam . ssp. nivea (Boiss. & Spr.) O nno

L eaves  ±  long-sta lked , if lobed only on the 
long-stalked lam ina, som etim es d ecu rren t on 
the petiole, usually  not semi-amplexicaul. 
F low ers  w hite , small. Seed with a distinct large- 
m eshed reticulum .

G reece: Parts  o f  Peloponnisos, mountain and gorges 
o f  W Crete.

In term edia tes  b e tw een  the subspecies o ccu r  on 
the N W  coas t o f  C re te  and in som e localities in 
the S part o f  Peloponn isos .  T h ere  are  several 
such popula tions  w ith  the same com bination  of 
cretica- like lobed leaves ,  n ivea - type seed pattern  
and small, c ream -co lou red  flowers.

MATERIAL AND M ETHODS

O ur experim ents include 1 population of the above- 
mentioned in term edia tes ,  4 populations of ssp. nivea  
and 19 populations o f  ssp. cretica. T he  material 
originates from different parts o f  the area  o f  d istribu­
tion with several different types of the Kikladhes 
isolates represented . Som e o f  the populations chosen 
are situated close to ge ther  and are morphologically 
similar (Fig. 1). Seed was collected in the field and 
sown in the g reenhouses  at the D epartm en t o f  Plant 
T axonom y, L und , Sw eden .

Meiotic p repara tions  w ere  made according to the 
usual acetic-orcein m ethod . Unfixed buds were used. 
T he  coverslips w ere  removed with A rc ton  12 
(Swedish IC1, Ö rebro ,  Sweden). Meiotic investigations 
were m ade on PM Cs only.

Mitotic p repara tions  w ere  made from root tips fixed

in the N avash in -K arpechenko  fixative. T h e  root tips 
were sectioned and stained in crystal violet. In some 
cases root tips were fixed in C arnoy , stained in 
Feulgen and squashed.

M ale  fertility w as estim ated by calculating the 
percentage of s tainable pollen after staining in cotton 
blue. Several independen t calculations w ere  made on 
each individual, each  calculation being based  on 500 
pollen grains. T h e  maximum value o f  these calcula­
tions was used.

F o r  the crossings, 2-5 flowers were em asculated  on 
each plant, isolated in a pergamine bag and left for 
about one week before pollination. A fter  pollination 
the flowers w ere  again isolated and left in the bag 
until the seeds w ere  harvested.

E ach  individual was given a n u m b er  com posed  o f  a 
population n u m b er  or F! family num ber,  followed by 
an individual num ber. T h e  code to the num bers  is 
given in A ppendices  1 and 2.

RESULTS

T h e  som atic  ch rom osom e num ber 2 n = 1 8  was 
found in all p lants originating from  spon taneous  
seed. In 6 ou t o f  over  1,000 F j  and F 2 plants 
represen ting  in terpopulational c ro sse s  of ssp. 
cretica  and o f  ssp. nivea  devia ting  ch rom osom e  
num bers  w ere  found, viz. 2n=  17, 27 and 36. 
E ndopolyp lo idy  and an eu so m a ty  w ere  often 
o b se rv ed ,  but not sufficiently investigated to 
allow an estim ation  o f  definite f requencies  to  be 
m ade. T h e  mitotic ch rom osom es  o f  the diploid 
com plem en t a re  fairly similar, being m etacen tr ic  
to subm etacen tr ic  and  abou t 4/z long. T he  
ch rom osom e set includes one  pair o f  satellited 
ch rom osom es.

S ince ou r  main aim was to  check  the c h ro m o ­
som e num bers  we nearly alw ays used the quick 
and reliable m ethod  o f  sectioning  root tips. T h e  
p repara tions  obta ined  by this m ethod  are  usually 
not suitable for the analysis  o f  ch rom osom e 
m orphology  and we have con seq u en tly  very 
limited inform ation on it.

Meiosis

P lants  grown fr o m  sp o n ta n eo u s  seed

T w e n ty  plants o f  ssp. cretica  and  3 of ssp. nivea  
w ere  investigated. An average  o f  68 cells/ 
individual w ere  analysed at M I, 149/individual 
at A  I and 35/individual at M II.

A t  d ip lo tene-d iak ines is  associa t ions  o f  two 
biva len ts  w ere frequently  found. In som e cells 
tw o such “ quad r iv a len ts”  w ere  observed . At
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Fig. 1. Collection sites for the populations investigated. D ots indicate populations o f  B. cretica  ssp. cretica , 
squares populations o f  B. cretica  ssp. nivea,  and the  star an intermediate population. Exact localities are given 
in the A ppendix .

M I, one quadriva len t was found in the cells of 
10 out o f  a total o f  23 individuals investigated. 
In no instance were tw o quadriva len ts  observed . 
T h e  frequency  of cells with one quadriva len t 
varied be tw een  plants from !%  to 39%. Cells 
with two univalents w ere seldom o bserved ,  viz. 
only 1-4% in 6 individuals.

A t A I th e  most f requen t d is tu rbance  w as the 
form ation o f  bridges usually w ithout visible 
fragm ents . Bridges w ere  observed  in 16 out o f  23

individuals, in two o f  these  at high frequencies, 
viz. 18% and 6%  respectively . In addition 
lagging ch rom osom es and bridges with frag­
m ents  w ere observed  at A I. N o  significant 
corre la tion  exists  betw een d is tu rbances  at M I 
and A I (r=0.20).

M II was investigated only to check  on the 
am oun t of non-disjunction at A  I and in 4 plants 
only w as non-disjunction observed .

M eiosis in G reek Brassica  oleracea  75BOT. N O T IS E R  129 (1976)
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F] hybrids

A total o f  64 plants was investigated. T he  
num ber o f  cells per plant exam ined at each stage 
was roughly as  for the wild material. M eiotic 
b ehav iour seem s to be similar in all F , hybrids 
w he ther  they are  crosses within o r  betw een taxa. 
In the  following report all F , hybrids have been 
lum ped together.

T h e  m ost consp icuous  feature  o f  the M I stage 
was the f req u en t occurrence  o f  one quadrivalent. 
In the earlier  stages, viz. d ip lo tene-d iak inesis , 
there w ere  considerab ly  m ore cells with one 
quadriva len t than  at M I. O bviously  many 
apparen t quadriva len ts  are in fact secondary  
associa tions  w ithout chiasm a form ation. T h ese  
secondary  associa tions  break up into bivalents 
during late d iak ines is -M  I. In a few cases  two 
quadriva len ts/ce ll  w ere observed  in the prem eta-
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Fig. 2. Meiosis within artificial F j hybrids. -  A: M I 
showing 911 (cross 222-03). -  B: Diakinesis showing 
711 and a secondary  association between bivalents 
(cross 223-03). -  C: A I showing a bridge (cross 251- 
03). -  T he  scale unit is equal to  5 q,.

phase  stages but never at M I. I n a  total o f  35 out 
o f  54 individuals cells with one  quadriva len t 
w ere  observed . T h e  frequency  o f  such cells/ 
individual varied from 1% to 23%. In 28 
individuals cells with 8" + 2 '  w ere  observed . T h e  
highest frequency  o f  cells w ith univalents within 
an individual w as 8%. O th e r  types  o f  M I 
d is tu rbances  w ere  very  rare.

A t A I the m ost frequen t type  o f  d is tu rbance  
was the form ation of ch rom atin  bridges (Fig. 
2 C ) ,  usually not assoc ia ted  with fragm ents . In 
41 o f  54 Fj plants investigated some cells with 
bridges w ere  found, the frequency  of such cells 
varying from 0.5%  to 10%. F ew  cells with 
bridges and fragm ents  w ere  no ted , the m axim um  
frequency  being 2% found in 10 plants . O ne  
(seldom m ore) laggard per ceil occurred  in cells 
from  23 plants but the  m axim um  was only 2%. j

T h e re  w as no significant correlation be tw een

%

#
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Table 1. A survey o f m eiosis in plants o f natural origin as well as in various F , hybrids. PS indicates pollen 
stainability (%), n the number o f  cells analysed, BF bridge with visible fragment, B bridge without visible 
fragment and Ol other irregularities.

Code PS MI AI Mil

1 r
911 l IV+ 7 n 8n+2‘ OI n Laggard 

1 2

Bridge 

BF B

OI Normal n 9+9 10+811+7 n

WILD MATERIAL  

B. cretica ssp. cretica 

02-01 87 18 18 2

'—{ 

17 19 2 2
02-07 95 . . , , , , 13 13 108 1 . 109
03-01 97 141 2 3 146 2 1 1 5 185 194 23 1 . 24
07-03 99 110 . 1 . I l l , , 1 151 152 # . • .
09-01 99 7 7 2 1 161 164 .
11-02 99 109 4 . 113 • • f # .

12-02 99 22 22 5 ! 1 3 370 379 16 16
12-03 95 50 32 82 4 2 70 76 45 1 . 46
15-01 99 21 21 1 . <112 113 100 100
15-06 99 177 . 177 3 1 179 183 47 . . 47
17-03 97 104 12 5 . 121 7 . ■ 3 27 1 395 433 27 27
17-04 97 6 6 . , 53 53 # . » •
18-02 97 1 2 110 113 12 12
20-08 99 79 3 ' 82 2 61 63 77 77
28-03 99 68 1 .. 69 i ! 94 95
28-04 99 79 2 81 2 2 6 156 166 45 1 ! 46
35-05 97 96 3 1 . 100 1 81 82 11 11
37-03 95 95 29 . 124 5 1 91 97 22 22
38-05 99 127 4 , . 131 1 46 200 247 35 35
43-02 99 46 3 • 49 • 9 219 228 16 16

B. cretica ssp. nivea 

01-04 99 21 6 27
01-05 99 31 8 . 39 31 31 3 3
45-08 97 6 • 6 - 2 216 218 6 6

, HYBRIDS 

B. cretica ssp. cretica x  ssp. cretica

206-04 99 116 35 . 151 2 . 512 514 8 . 8
206-07 89 . , , , , 5 84 89 23 . 23
206-16 99 32 1 33 , , 2 174 176 . ,
214-10 93 230 22 . 252 , , 1 1 192 194 , ,
214-11 93 87 , 87 6 5 470 481 5 . 5
215-02 97 53 5 58 1 1 42 44 4 . 4
215-04 67 114 18 . 132 3 2 281 286 16 . 16
215-05 55 88 27 1 . 116 , . • • • , . .
215-10 45 73 12 2 87 2 2 365 369 69 3 72
216-06 53 . 3 1 438 442 8 . 8
216-12 73 138 . 3 . 141 * • • 250 250 9 . 9

!218-03 83 147 . 1 . 148 2 1 3 167 173 3 . 3
218-04 79 , . 3 21 344 368 , .
■221-06 99 129 6 1 . 136 • « • 150 150 , .
1222-02 31 , , 194 194 54 . 54
1222-03 21 124 37 1 1 163 2 1 68 71 4 . 4
1222-04 13 174 32 2 . 208 , . • •  • . *

L
IIHRiu in



78 M. G usta fsson  e t  al. 

Table 1 (continued).

BOT. N O TISER  129 (1976)

Code PS MI AI Mil

9" liv+ 7 n gn+2i OI n Laggard 

1 2

Bridge 

BF“ B

OI Normal n 9+9 10+8 1 l+ 7n

222-07 27 27 27 2 181 183 26 26
229-04 91 40 2 42 . r 162 162 39 39
230-04 87 9 9 3 35 38 8 8
230-07 59 54 54 12 12
231-10 97 46 46 ,
232-09 99 17 1 18 1 149 150 101 ! 1 ioi
232-10 77 123 1 2 126
238-01 63 97 13 . i 111 . . .
241-03 75 97 3 1 v 2 103 1 87 88 8 8
242-08 77 43 # 43 2 1 153 156 . .
244-01 81 140 1 141 2 258 260 7 1 8
244-10 93 91 3 1 95 1 13 14 .
244-12 81 101 4 105 1 1 97 99
244-13 89 30 6 36 2 3 199 204 70 ; 70
248-04 85 119 4 124 , , .
248-09 77 162 2 14 178 1 2 137 140 16 1 . 17
249-03 89 126 11 137 1 2 63 66 10 10
251-03 83 59 6 66 3 16 154 173 .
251-05 93 89 2 91 1 1 37 39
252-03 71 . 3 1 240 244 7 7
253-01 71 9 9 3 7 263 274 23 23
253-10 43 . 3 2 272 277 41 . s  . 41
255-09 83 13 13 1 9 357 368 31 31
255-11 73 39 5 i 46 •
257-25 99 27 2 29 , . 3

■O
114 118 .

258-01 91 123 2 125 , . 14 14 24 1 . 25
258-13 93 44 3 47 36 36 82 1 j  83
263-03 91 # , 123 124 21 21
266-10 73 111 7 2 120 212 212 .
277-08 83 21 21 1 49 51 .
277-09 71 t m # 1 79 80 40 1 . 41
280-08 97 13 13 2 17 158 177 34 34
281-07 95 20 2 1 23 , . .
281-12 75 98 8 1 107 1 8 182 191 5 5

B. crptica ssp. nivea X ssp. nivea 

207-03 99 49 8 4 10 71 3 25 480 508
207-09 99 134 5 3 1 143 1 9 1 312 323 22 22

B. cretica ssp. c r e t i c a x  ssp. nivea 

201-05 89 60 6 66 1 2 3 332 338 56 56
203-01 81 173 50 , 1 224: 5 1 19 2 386 413 4 4
209-03 75 17 4 . 21 1 1 77 79
209-05 87 86 1 87 8 1 24 407 440 .
245-12 95 6 1 1 8 . 3 242 245 24 24
245-14 91 70 1 2 . 73 . . . ,
246-03 99 167 45 5 5 222 1 1 i 23 i 234 14 2 16
246-08 75 . . . 1 3 130 134 106 106
246-10 85 89 6 . # 95 . . . . ,
246-15 85 98 ' 2 3 1 104 , . . 3 2 112 117 .
260-01 93 20 3 . 23 , 2 31 33 7 : ! 7
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Table 2. Number of chiasmata/cell in different individuals representing wild material as well as F, hybrids. 
Pollen stainability (PS) given.

Code PS Numbers of chiasmata per cell Mean

10 11 12 13 14 15 16 17 18 19 20

Wild m ateria l

03-01 97 1 1 2 13 13 15 2 1 15.0
11-02 99 3 4 3 3 15.5
12-03 95 1 1 4 2 2 1 14.5
15-06 99 1 2 5 6 14.1

Fj hybrids

203-01 81 2 8 2 3 1 14.8
207-09 99 1 4 1 2 2 15.0
215-05 55 1 2 12 12 9 7 8 14.5
221-06 99 1 4 7 2 4 14.2
231-10 97 3 7 1 1 16.4
232-10 77 4 3 8 5 4 1 15.2
241-03 75 1 4 7 2 6 3 1 12.9
241-05 99 1 2 2 3 5 1 15.7
245-14 91 2 3 4 1 1 15.5
246-03 99 1 1 3 3 3 2 12.9
246-10 85 1 5 4 5 4 3 14.7
246-15 85 1 1 5 2 1 15.2
248-09 77 1 7 7 7 11 2 14.7
249-03 89 2 4 4 6 15.9
251-05 93 1 1 3 1 2 2 2 1 13.6
255-11 73 2 4 5 1 1 1 13.9
258-13 93 2 5 5 14.3

Analysis of variance for number of chiasmata/cell in different plants.

Source of variation df SS MS F

Between plants 20 269.8592 13.4929 5.3876***
Within plants 382 956.6866 2.5044
Total 402 1226.5459

dis tu rbances  at M I and A I ( r = - 0.099). In 5 o f  
the 38 plants investigated non-disjunction was 
found in cells at M II. T h e  percen tage o f  
individuals displaying regular meiosis appea rs  to 
be som ew hat higher in the material grown from 
spon taneous  seed  than in the F , hybrids. A t A I 
and M II no  difference has been  observed  
betw een the  g roups o f  plants (Table 1).

C hiasm a fo r m a t io n

In 21 plants (4 from spon taneous  seed and 17 Fj 
hybrids) ch iasm a form ation and the frequency  o f  
ch iasm a form ation  were o bserved  in 10 or m ore

cells from each plant. Only very  rarely  w ere 
interstitial ch iasm ata  o bserved  at d ip lo tene. At 
diakinesis and M I all ch iasm ata  w ere  term inal, 
indicating a term inal localization in m ost cases 
and com plete  term inalization in the rem aining 
cases.

W hen counting the num ber o f  ch ia sm a ta  per 
cell difficulties som etim es arose  in in terpreting 
some bivalents. Since the ch ro m o so m es  are 
com paratively  small it was difficult to  distinguish 
between ring and rod b iva len ts  w hen  the 
bivalents w ere unfavourably  o r ien ted .  T h e  
num ber o f  ch iasm ata  per cell (Table 2) should 
therefore be in terpreted  with cau tion . T he
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Table 3. Frequency (%) of quadrivalents in various F, 
hybrids with a pollen stainability (PS) over 90%, 
between 90 and 70%, and under 70% respectively, 
n indicates the number of F, hybrids investigated.

PS % quadrivalents n

0 10 20 30 40

>90 29 2 5 1 37
90-70 18 3 1 22

<70 1 4 2 7

Table 4. Differences in percentage of meiotic disturb­
ances at MI and AI in F, hybrids from repeated crosses 
of the same populations. The pollen stainability (PS) is 
given.

Cross
no.

Population PS 
nos.

MI AI

B. cretica ssp. cretica x ssp. nivea

201-05 28x01 89 9 2
203-01 01x28 81 23 7

B. cretica ssp. cretica x ssp. cretica

242-08 28x03 77 0 2
248-04 28x03 85 4
248-09 77 9 2
214-10 37x28 93 9 1
214-11 93 0 2
215-02 37x28 97 9 5
215-04 67 14 2
215-05 55 24
215-10 45 16 1
281-07 37x28 95 13
281-12 75 9 5

num ber  o f  ch iasm ata  per cell usually varied 
greatly  betw een cells o f  a single plant. In one  o f  
the parent plants be tw een  11 and 18 ch iasm ata  
per  cell were observed . N o  p ronounced  
d ifference in ch iasm a frequency be tw een  paren t 
p lan ts  and F, p lan ts  was observed . D ifferences 
be tw een  single plants exist, how ev er  
(F=5.39***). In tw o F , hybrids a difference in 
the num ber o f  ch iasm ata  per cell w as noted 
be tw een  cells with one quadriva len t and those 
w here  only bivalents w ere  observed . In the 
fo rm er  the re  appea r to be on the average up to 
0.5 ch iasm ata  m ore per cell.

Table 5. Percentage meiotic disturbances in F, hybrids 
obtained through crosses within and between phyto- 
geographical regions. The entire F, material is pooled 
without keeping the different hybrids separate. 
Regions: 1 Crete, Kithira. 2 Kephallinia. 3 Kikladhes. 
4Nisiros. 5 Northern Sporades.

Regions MI AI

0 5 10 15 20 25 30 35 0 5 10 15

W ithin regions

i x l  . 1 . . 1 1 1
2x 2 . 1
3x3 2 3 . . . 3 1
5x5 1

Between regions

1x 2 . . 1 3
1x3 7 1 1 . . 8 1 1
1x4 1 5 1 1 2 . . 8 1 .

1x5 1 . . 1 1 . . 4 1
2x3 . . 2
2x4 1 . . . . 2
2x5 . . 2
3x4 . 1 . . . 1
3x5 . 1 . . 3 1

I
Pollen stainability

T h e  percen tage  o f  sta inable pollen was high in 
the p lants  grown from  spon taneous  seed in 
w hich meiosis w as investigated. In all plants 
excep t one stainability was m ore  than 90%, in 
m ost cases m ore  than  95%. In  the F t hybrids, 
how ever ,  pollen stainability varied considerably  
within as well as betw een the different F[ 
families, from 10% to 100%. T h e re  proved  to be 
only a w eak corre la tion  betw een pollen 
stainability and degree  o f  meiotic d is tu rbances  
for a given individual. In the paren t material 
the percen tage  o f  d is tu rbances  at M I w as not 
significantly co rre la ted  with pollen stainability 
(r= — 0.14) no r w as there  any  significant co rre la ­
tion be tw een  pollen stainability and d is tu rbances  
at A I (r=  0.35). In  the  total F ,  m ateria l the  trend 
was similar. Pollen stainability w as not signifi­
cantly  corre la ted  e ither with the degree  of 
d is tu rbance  at M I ( r = - 0 .2 6 ) ,  the  A I d is tu rb ­
ances  (r= 0.14) o r  ch iasm a frequency  (r— 0.17). 
H o w e v e r ,  if the few hybrids with pollen 
stainability be low  70% are cons idered  separate ly  
(Table 3), they  p rove  to have a considerably
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higher frequency  o f  individuals with m any  
quadriva len ts .  This indicates  that in addition to 
the general o ccu rrence  o f  quadriva len ts  based  on 
hom oeology there  are also  quadriva len ts  due  to 
o th e r  causes  in the hybrids  with the m ost 
reduced  fertility. T h is  would indicate that 
differences caused  by  translocations  are 
involved in establishing strong genetic barrie rs  
be tw een  populations. On the o the r  hand, th e re  is 
no such s trong  reduction  o f  interfertility and 
ra ised  frequency  o f  quadriva len ts  in the c ro sses  
be tw een  the subspecies.

T h e  F , hybrids ,  though  represen ting  different 
types  o f  c ro sses ,  show ed  no m arked  d ifferences 
in the  d istribution of m eio tic  irregularities, the 
c rosses  within taxa displaying a d istr ibution  of 
m eiotic d is tu rbances  similar to tha t in c rosses  
be tw een  taxa. W hen the same popula tions w ere  
c rossed  repeated ly  using different individuals, 
the resulting F j hybrids usually d isp layed  fairly 
s imilar meiotic behav iou r  though apparen t  
differences w ere at tim es observed  (Table 4).

T h e  A egean  area  has been  divided into phyto- 
geographical regions (R echinger 1943, G re u te r  
1971), but the meiotic behav iour o f  the F x 
hybrids ob ta ined  from cro sses  both  within and 
be tw een  these  regions was about the sam e 
(Table 5).

DISCUSSION

T h e  m ost consp icuous ty p e  o f  d is tu rbance  at M I 
found in this investigation was the fo rm ation  of 
quadriva len ts ,  a phenom enon  that has been 
e lucidated by H aga (1938), S ikka (1940), Wills 
(1966), C hiang  & G ra n t  (1975) and o thers . Som e 
au thors  have pointed ou t the frequen t secondary  
pairing that occurs at p rem e tap h ase  to m e ta ­
phase  stages in many plants o f  B. oleracea,  e.g. 
C atches ide  (1934, 1937), H aga  (1938).

T h e  question  arises as  to w he ther  secondary  
pairing and  quadriva len t form ation are tw o 
phases  o f  the same ph en o m en o n . C a tches ide  
(1937) concludes  that B. o leracea  is a secondary  
polyploid w ith  a basic ch ro m o so m e  n u m b e r  o f  
six, th ree  o f  the basic  ch rom osom es  being 
p resen t in duplicate  the rem ainder  being single. 
T h e  haploid set would b e  A A  BB C C  D E F .  T h e  
sam e conclusion  w as reac h ed  by H a g a  (1938), 
while S ikka (1940) regarded  the basic c h ro m o ­
som e n um ber  as five. In actual fact the genom es

o f  the genus Brassica  with the p resen t ch ro m o ­
som e num bers 2n=16 , 18 and 20 are now  
presum ed  to have evolved from a basic ch ro m o ­
som e num ber of six (see P rakash  1973).

F ro m  p rom etaphase  to m e taphase  C a tch es id e  
(1937) found a varying degree o f  secondary  
associa tions  but no m ultivalents or un iva len ts . 
H ag a  (1938) found m ultivalent assoc ia t ions  as 
well as secondary  associa tions. Röbbelen  (1960) 
reported  finding secondary  pairing be tw een  
b ivalen ts  in only c. 13% o f  the P M C s he in­
vestigated. Wills (1966), on the o th e r  hand ,  
reported  that in his material it w as hardly  
possible to  find any P M C s w here the re  w ere  no 
bivalents associa ted  at diakinesis. In addition  to 
a p ronounced  frequency  o f  secondary  a sso c ia ­
tions he also reported  high frequencies  o f  true 
m ultivalents , primarily quadriva len ts .  Wills 
(1966) concludes  that the quadriva len ts  are the 
result o f  secondary  associa tions that have  been  
able to form chiasm ata . H e  noticed tha t in cells 
w ith  quadriva len ts  chiasm a frequency w as so m e ­
w hat higher than  in o ther  cells. F u r th e rm o re  he 
s ta ted  that synapsis  in B. oleracea  can be under  
genetic  control. T ho m p so n  (1956) show ed that 
in the  meiosis o f  a few haploid B. o leracea  two 
b ivalen ts  were found in 4 cells o f  the  54 in­
vestigated. In 12 cells one  bivalent was 
observed . I t  is thus reasonab le  to cons ider  that 
at least four o f  the ch rom osom es are hom oeolo- 
gous and subsequently  that both  secondary  
associa tions  and quadriva len t fo rm ations  at 
diploid level arise from  the sam e cause.

In this investigation ou r  results in the main 
support the views o f  Wills (1966). It is, how ever ,  
som ew hat puzzling that quadriva len ts  w ere 
found at such high frequencies ,  w hereas  the re  
w as an alm ost entire absence  of tr ivalen ts  
accom panied  by univalents . In the material 
investigated by Wills (1966) trivalents also seem  
to be com paratively  rare. I f  chiasm a frequency  
is directly responsib le  for the num ber o f  m ulti­
valen ts  form ed, the chance  of trivalent a sso c ia ­
tions being form ed should be higher com pared  
w ith  quadriva len ts . In our material we have  
found no clear ev idence  that the cells w ith 
quadriva len ts  also displayed higher ch iasm a 
frequency  although there was a trend  in that 
d irection . T h e  fact tha t pollen stainability in any  
given plant, either from spon taneous  seed  or 
an F j  hybrid, was not significantly co rre la ted  
w ith the num ber  o f  d is tu rbances  at M I o r  A  I

6 -  B otaniska N o tise r
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supports  the  theory that the m ultivalents are 
usually not the  result o f  translocations except in 
F j hybrids  with low fertility. P rov ided  that 
d is junctional segregation ex ists ,  as was usually 
the  case ,  quadriva len ts  involving hom ologous or 
hom oeo logous  ch rom osom es need not 
necessarily  bring about an increase in pollen 
abortion . I t  is not possible  to state to what 
ex ten t ch rom osom es involved in a particular 
quadriva len t are hom ologous. C urran  (1970) 
obta ined  13 seedlings from a desynap tic  plant of 
B. oleracea  e leven o f  which w ere hyperdiploids 
and tw o diploids. H e suggested that the genes 
for viability are d istribu ted  th roughout the 
diploid com plem en t since no hypodiploids were 
found, w hich implies tha t it is not probable  that 
any  four ch rom osom es in the com plem ent are 
hom ologous but rather, to some ex ten t at least, 
hom oeologous. Since the  ch iasm ata  are almost 
exclusively  term inal the  hom ologous parts  o f  the 
ch ro m o so m es  involved in quadriva len t form a­
tion should be the term inal parts.

T h e  d is tu rbances  at A 1 w ere in m ost cases 
bridges w ithout fragm ents. A lthough there was 
no corre la tion  betw een d is tu rbances  at M I and 
A  I it is to be suspected  that bridges without 
fragm ents  generally reflected separation 
difficulties in quadriva len ts  (cf. Wills 1966). 
A n o th e r  explanation is o f  course  inversion 
heterozygosity .  Since the ch iasm ata  are m ore or 
less term inal the c ross ing-over within an inver­
sion loop would give rise to a very small acentric 
fragm ent th a t  could easily escape  notice. H o w ­
ever, c ross ing-over within inversion loops would 
alm ost certainly result in decreased  male 
fertility. T h is  was not the case in our material. 
W e could not find any correlation between 
d is tu rb an ces  at A 1 and the percentage o f  stain- 
able pollen in the material as a whole. In some 
cases  w here  the bridges w ere associated  with 
an acen tr ic  fragment a paracen tr ic  inversion 
could be suspected  o f  being the cause. Laggards 
could p e rhaps  also be explained as resulting 
from quadriva len t separation difficulties as the 
frequency  o f  univalents at M I was not high 
enough  to  provide the only reason for the high 
frequency  o f  laggards at A I.

In m uch o f  the plant material from G reece , 
chiefly in that from the A egean  area, the 
effective isolation o f  populations has generated 
cons iderab le  morphological diversification, e.g. 
in E rysim um  (Snogerup 1967 a, b), Nigella  (Strid

1970), M alco lm  ia (S tork 1972), Leopold ia  
(Bentzer 1973), A llium  (B othm er 1974). In some 
instances this m orphological d iversification has 
been accom panied  by breeding  barr ie rs  betw een 
populations. It has not been  conclusively  show n 
in any of these  g enera  to w hat ex ten t the 
breeding barriers  have arisen  from ch rom osom al 
differentiation. T hey  m ay also be m erely  due to 
differences in genes o r  gene com binations .  In 
B. cretica  the trend o f  m orphological d ifferentia­
tion betw een popula tions  resem bles  the  general 
trend in o ther  material from the area . It also 
seem s quite clear that the re  are breed ing  barriers  
betw een certain popu la tions  or, m ore correctly ,  
betw een certain plants o f  certain  popula tions, 
in the B. cretica  ssp. cretica  and ssp. nivea  
material from spon taneous  seed pollen 
stainability w as generally  high although meiotic 
d is tu rbances  w ere p resen t.  In the F 1 material 
pollen stainability w as on the average co n s id e r­
ably reduced. T h is  ind icates  tha t in the total F , 
material m eiotic d is tu rbances  are  largely due to 
secondary  pairing and m ultivalent form ation , 
while decreased  male fertility is caused  by 
differences in the genic o r  m icro-structura l 
com position o f  the genom es. T h e  frequency  o f  
reduced  interfertility seem s to be as great within 
the two subspecies  as be tw een  them .

S econdary  pairing be tw een  hom oeologous 
bivalents indicates that the ch rom osom al a rch i­
tec ture  o f  the  general Brassica  genom e is very 
conservative .

CONCLUSIONS

(1) Meiotic d is tu rbances  can often be traced  back 
to secondary  pairing or to  its consequences .

.
(2) The degree o f  m eiotic d is tu rbance  w as similar 
in the parent material and in F ,  hybrids obta ined  
through crosses  within and betw een subspecies  
as well as be tw een  plan ts  from  the sam e or 
different geographic regions.

(3) In the material as a w hole there  is no general 
correlation  betw een degree  o f  m eiotic  d is tu rb ­
ance and pollen stainability.

I
(4) T h e  breeding barrie rs  be tw een  popula tions 
are probably chiefly caused  by genic or micro- fj?
s tructura l differences ra th e r  than by m ajor 
chrom osom al differences. Only in some cases  o f



BOT. N O T IS E R  129 (1976) M eiosis  in G reek Brassica o leracea  83

much reduced  fertility in hybrids be tw een  
isolated popula tions do transloca tions  seem to 
be involved.

(5) T h e  breeding barrie rs, expressed  in te rm s o f  
reduced  pollen stainability, w ere often p ro ­
nounced  in in terpopulational crosses . T h e  var ia ­
tion be tw een  repea ted  crosses  as well as b e ­
tw een  full sibs may at tim es be considerable .

R EFER E N C E S

Bentzer, B. 1973. T axonom y, variation and evo lu­
tion in representa tives  of  Leopoldia Pari. (Liliaceae) 
in the southern and central A egean. Bot. N o tiser  
126: 69-132.

B othm er, R. von 1974. Studies in the Aegean flora 21. 
Biosystematic studies in the Allium am peloprasum  
com plex. Opera Bot. 34.

C atcheside ,  D . G . 1934. T he  chrom osom al relation­
ships in the swede and turnip groups o f  Brassica. 
Ann. Bot. 48: 601-633.

-  1937. Secondary  pairing in Brassica oleracea. 
Cytologia, Fujii Jub. Vol.: 366-378.

Chiang, B. Y . & G ran t ,  W. F. 1975. A putative 
heterozygous interchange in the cabbage (Brassica 
o leracea  var. capitata) cultivar Badger Shipper. 
E uphytica  24: 581-584.

C u rran ,  P. L. 1970. Aneuploids o f  Brassica oleracea. 
Sei. Proc. R oy .  Dublin Soc. Ser. B. 22: 217-219.

G reu te r ,  W. 1971. Betrachtungen zur P flanzengeo­
graphie der Südägäis. Opera Bot. 30: 49-64.

Haga, T .  1938. Relationship of genome to secondary 
pairing in Brassica (A preliminary note). Jap. Journ.  
Genet. 13: 277-284.

M izushim a, U . 1968. Phylogenetic studies on some 
wild Brassica species. Tohoku J. Agric. R es .  19: 
83-99.

-  1969. Phylogenetic studies on some wild Brassica 
species. Senshoku ta i K ro m o so m o  75 : 2427-2429.

Prakash , S. 1973. Haploidy in Brassica nigra Koch. 
Euphytica  22: 613-614.

Rechinger, K. H. 1943. F lora  Aegaea. Denkschr.  
A ka d .  Wiss. Wien, M a th .-N a t.  Kl. 105(1).

R o b b e le n ,G .  1960. Beiträge zur A nalyse des Brassica 
G en o m es .  C hrom osom a 11: 205-228.

Sam pson, D . R. 1970. C lose link o f  genes for male 
sterility and an thocyanin  synthesis in Brassica 
o leracea  promising for F, hybrid seed production; 
multivalents at meiosis not involved in the linkage. 
Can. J. Genet. Cytol. 1.2: 677-684.

Sikka, S. M . 1940. C ytogenetics  of  Brassica hybrids 
and species. Journ. Genet. 40: 441-509.

Snogerup, S. 1967 a. Studies in the Aegean flora 8. 
E rysim um  sect. C heiran thus. A. T axonom y. Opera  
Bot. 13.

-  1967 b. Studies in the Aegean flora 9. Erysimum 
sect. C heiran thus. B. Variation and evolution in the 
small population  system. Opera Bot. 14.

Stork, A. F. 1972. Studies in the Aegean flora 20.

Biosystematics of the Malcolmia maritima com plex. 
Opera Bot. 33.

Strid, A. 1970. Studies in the Aegean flora 16. B io­
systematics of  the Nigella arvensis com plex. With 
special reference to the problem of non-adaptive 
radiation. Opera Bot. 28.

T hom pson , K. F. 1956. Production of haploid plants of 
m arrow stem kale. N ature  178 : 748.

Wills, A. B. 1966. Meiotic behaviour in the Brassiceae. 
Caryologia 19: 103-116.

Zdråhalovå, B. 1969. Korelacnl vztahy mezi fertilitou, 
frekvenci poly valentu a tvorbou pyiovych zrn u auto- 
tetraploidu Brassica oleracea. Genetika a S lechteni  
5: 81-88.

APPENDIX 1

C ode to populations grown in cultivation. All the 
populations have 2n=  18, and originate from G reece .

Population Origin

B. cretica ssp. cretica

02 Kithnos, Yavalido Bay, maritime cliffs, 
1968, R  & E

03 Kithnos, W of Stenon K analas ,  m ari­
time cliffs, 1968, R & E

07 Milos, Ananes, the NW -islet,  1967, R & 
Be

08 Sifnos, S of K am ares , maritime cliffs, 
1967, R & Be

09 Folegandros, 2 km W of Pelagia, m ari­
time cliffs, 1967, R & Be

11 Milos, A nanes, the S-islet, 1967, R  & Be
12 Am orgos, N ikouria ,  maritime cliffs, 

1967, R & Be
15 Milos, Ananes, the S-islet, 1967, R & Be
17 Kephallinia, the peninsula outside 

A ssos, maritime cliffs, 1966, Sn
18 Kephallinia, 1 km S of A ssos ,  maritime 

cliffs, 1966 Sn
20 Serifos, the islet Mikronisi, 1967, R & Be
23 Kea, 0.5 km SSW o f  Kastr iani, m ari­

time cliffs, 1968, Sn & B
24 K ea, 0.5 km N of K astriani, maritime 

cliffs, 1968, Sn & B
25 Euboea , the islet Scopulus Prasouda , 

Phitos
26 N ax o s ,  5 km E  of the town N a x o s ,  1964, 

R
35 Skia thos, 4 km N  of the tow n, maritime

cliffs, 1966, Phitos
37 N isiros,  M andrakion , maritime cliffs, 

1971, Phitos
38 Kephallinia, Assos, maritime cliffs, 

1971, Phitos
43 Kithira, 1973, B
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Population Origin

B. cretica ssp. nivea

01 Kriti, 2 km S ofTopolia, gorge, 1967, Sn
45 Kriti, 15 km W Chora Sphakia, Agia

Rumeli, maritime cliffs, 1973, G
46 Kriti, 1 km S ofTopolia, 1973, G
47 Peloponnisos, Akrokorinth, cliffs

exposed towards N, 1973, G

In te rm ed ia te  population

28 Kriti, Nomos Chanion, 9 km ESE Ka-
stello, the gorge SE of Rocca, 1964, Sn

APPENDIX 2

Code to the F, hybrids meiotically investigated. All 
the hybrids have the chromosome number 2n= 18 
except the following: Fj hybrids: 231-21 (2n=36), 
242-01 (2n=27), 262-18 (2n=27), 262-03 (2n=27), 265- 
03 (2n= 27); F 2 hybrid: 242-02-08 (2n= 17).

Cross
number

Parent
populations

Cross
number

Parent
populations

Within B. cretica ssp. cretica

206 02x35 244 28x23
214 37x28 248 28x03
215 37x28 249 23x26
216 38x37 251 28x 11
218 28x26 252 35x25
221 02x07 253 38x35
222 28x35 255 35x03
229 28x07 257 38x 15
230 28x 17 258 02x15
231 11x07 263 02 x 18
232 02x 11 266 37x09
238 38x28 277 18x28
241 02x09 280 18x38
242 28x03 281 37x28

Within B. cretica ssp. 

207 01x01

nivea

B. cretica ssp. creticax ssp. nivea

201 28x01 245 01x 11
203 01x28 246 01x37
209 35x01 260 38x01
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O f  the genus  A n th o xa n th u m  L. a single species,  
A . nivale  K. Schum. ,  is general ly recognized in 
tropical Africa.  The  close affinity be tween this 
species and  the European  A .  odora tum  L. had 
been  observed  by Engler  (1904), who pointed out 
that  al though very  different from A . odora tum  
“A. nivale  is more  related to  this species than to 
any o t h e r ” . T h e  differences be tw een  the species 
are mainly quanti tat ive:  thus  A . nivale  has 
cons iderably higher culms,  b roader  leaves and 
larger  panicles.  Spikelet cha rac te r s  seem,  h o w ­
ever ,  to be o f  little diagnostic value.

In his revision of  the Afroalpine f lora O. H e d ­
berg (1957) repor ted  two ch ro m o so m e  numbers  
within A n th o xa n th u m  nivale, viz. the tetraploid 
num ber  (2n=20)  in one sample  from M t  Muha-  
vura ,  and the dodecaploid num ber  (2n=60)  in 
one sample from A berda re  and two from Mt 
Kenya .  T h e  limited material then available did 
not allow taxonomic  conc lusions  to be drawn 
but a significant difference in pollen size was 
obse rved  be tween  the te traploid  and the 
dodecaplo id  (O. H edberg  1952). In the present  
invest igat ion morphological  fea tures have been 
studied in relation to c h rom osom e  num ber  using 
m ore  ex tensive material.

MATERIAL AND METHODS

During a recent field trip material was collected from 
four o f  the high mountains in East Africa, viz. 
Mt Elgon, A berdare ,  M t K enya  and Mt M eru . In o rder  
to  secure as much cytological material as possible fixa­
tions were m ade in the field and living plants and  seeds 
were sent to the Botanic G arden  at U p p sa la  U n i­
versity. Though a fair proportion of the plants survived 
none flowered in cultivation which also applies to the 
plants raised from seed. Hence a morphological 
investigation of all plants from which fixations were 
m ade was not possible.

C hrom osom e counts w ere  made from root-tip sec­
tions and squashes (I. H edberg  1967, 1970). T he  
chrom osom e num ber has been counted in 22 field 
collections, 19 o f  which are of more o r  less recent 
date (Table 1). Fu rtherm ore  the chrom osom e num ber 
was established for 83 plants from 8 seed collections 
(Table 2).

Earlier collections for which the chrom osom e 
num ber was know n have been included in the present 
investigation as well as some additional herbarium 
materia] including specimens from Ethiopia.

Spikelet length was m easured with a b inocu lar lens 
to the nearest 0.1 mm. T h e  values in Fig. 3 represen t 
averages of 5 m easurem ents .  Pollen size was m easured  
in lacto-phenol preparations under an o rd inary  m icro­
scope. T he  values in Figs. 3 and 4 represen t m eans of 
25 m easurem ents each. V oucher specim ens are 
deposited at U PS.
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T ab le  1. List o f  material investigated.
W here  not otherw ise sta ted  the num bers refer to 
collections m ade by I. an d /o r  O. H edberg .

Locality Altitude V oucher 2n

Ethiopia
G alam a M ts 3700 m 4239 20
Bale Mts 2500 m S. G ilbert 64 _

3050 m S. G ilbert  51 -

Uganda
Ruwenzori 3450 m 351 —

M t M uhavura 3400 m 2183 20
M t Elgon 3550 m S. Bie 66289 20

Kenya
M t Elgon 3050 m 5075 20

3050 m 5 076A 20
3050 m 5076 B 20
3200 m 4460 20

A berdare 3150 m 5068 20
3300 m 5023 20
3300 m 5057 20
3500 m 5055A 60
3500 m 5056 60
3900 m 1537 60

M t K enya 3000 m 4877 60
3600 m Coe & Kirika 254 —

3800 m 5060 60
3850 m 4312 60
3900 m 4414 60
4000 m 4805 —

4150 m 1779 60
4200 m 5016 60
4350 m 1723 60

Tanzania
Kilimanjaro 3500 m 4372 60

3800 m S. Bie 8 —

3800 m S. Bie 31 60
3850 m S. Bie 123 —

4400 m 1200 —

M t M eru 3300 m 2304 —

3550 m 4754 -

T ab le  2. C h rom osom e num bers in plants grown from 
seed collections.
N num ber o f  plants examined.

Locality Altitude 2n N

M t Elgon 3050 m 20 12
A berdare 3250 m 20 7
M t K enya 3000 m 60 11

3650 m 60 22
3800-4000 m 60 9
4000 m 60 6
4200 m 60 7

Mt Meru 3550 m 60 9

1000 Km

under 500 m.

Fig. 1. Origin o f  A n thoxan thum  samples investigated. 
Unfilled circles: tetraploids. Filled circles: dodeca- 
ploids. Half-filled circle: tetraploids and dodecaploids 
on  the same mountain. D ouble ring: sample with 
unknow n chrom osom e number. A  dot with a star:
A .  a e th io p icu m .

CHROM OSOM E NUMBERS

T w o  c h rom osom e  numbers  were  found,  viz. 
2 n = 2 0  (4x) and 2n = 6 0  (12x), Te t rap lo ids  were 
found on the G a lam a  M ts  (Ethiopia) ,  M t  
M u h a v u r a  and Mt Elgon,  dodecap lo ids  on Mt 
K e n y a ,  Mt Meru  (from seed col lect ions only) 
and  Kil imanjaro  and  both cy to types  on A berdare  
(Fig. 1). T h e  material is not ex tens ive  enough to 
al low safe conc lusions  to be d raw n  on the 
geographical  distr ibution of  the cy to types  but 
indicates that te traploids probably do not  occur  
on M t  Kenya .  W here  both  cy to types  occur  on 
the sam e  mounta in  the cy to type  with a high 
c h ro m o s o m e  n u m b e r  seems to grow at higher 
al t i tudes (Fig. 2), which is the oppos ite  o f  what  is 
found  in E u ropea n  A .  odora tum  (1. H edbe rg  
1969).

N o  fragments  such as those  repo r ted  by O. 
H e d b e rg  (1952) in the tetraploid were observed
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and his  repor t  is p robably  based  on misinter- m
pretat ion .  Since som e c h rom osom es  have 450Q
s econdary  constr ict ions  which do not  s tain in 
crys tal  violet their satel li tes can easily be mis- ’ 
taken  for  fragments  (I. H ed b e rg  1970). This may 4000
also explain the irregularit ies  ment ioned  by
O. H ed b e rg  (1952) in one of  his dodecaploids .

3 5 0 0

M O R P H O L O G Y
3 0 0 0

East African material

T h e  materia l  seems fairly uniform and agrees 2500  

well with  the descr ipt ion  given by Clayton

Fig. 2. Altitudinal distribution of A nthoxan thum  nivale 
in E as t  Africa. O tetraploids, •  dodecaploids.

<1

o

©

20 21 22 23 24 25 26 27 28 29 30

Fig. 3. C orre la ted  variation in pollen size (horizontal axis) and spikelet length (vertical axis) in African 
A n th o xa n th u m .  -  Pollen size is given in scale divisions (each equalling 1.7 p ) ,  spikelet length in mm. F o r  
explanation o f  symbols, see Fig. 1.



88 I. H edberg BOT. N O T IS E R  129 (1976)

m

4000

3500

3000

- O
9

o
o

o
-o

-o -o

20 21 22 23 24 25 26 27 28 29 30

Fig. 4. Correlation between altitude and pollen size in A n th o xa n th u m  nivale. -  Pollen size is given in scale 
divisions (each equalling 1.7 /a,). Specimens from Mt K enya are marked by a short line dow nw ards, those  from 
M t Elgon by a line to the left. F o r  further explanation of symbols, see Fig. 1.

Fig. 5. G lum es, sterile lemmas and fertile lemma in 
African A nthoxan thum .  -  A: A .  nivale, Hedberg  4414 
(2n=60). -  B: A . nivale, H edberg  4460 (2n=20). - C :  
A .  aethiopicum,  H edberg  4239 (2n=20).

Fig. 6. U pper  parts of  sterile lemmas in African 
A n th o xa n th u m . -  A: A . nivale, H edberg  4414 (2n= 60). 
-  B: A .  nivale, H edberg  4460 (2n=20). - C :  A . aeth io­
p icu m ,  H edberg  4239 (2n=20).

8 m m

2 m m

(1970), al though there is a certain variation in 
habit be tween the different mounta in popu la ­
tions.  T h e  (tetraploid) Elgon plants  tend to be 
slenderer  with nar row er  panicles, but  s ince the 
tetraploids from A berda re  are quite robus t  the

habit does  not  seem to reflect the ch ro m o so m e  
n um b e r  to any great  extent .  O ne  o f  the 
dodecap lo ids  from a low altitude on Mt K e n y a  is 
o f  the  same slender type  as the Elgon te traplo ids 
suggest ing tha t  this variat ion may be largely due
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Fig. 7. Part o f  type collection o f  A n th o xa n th u m  aethiopicum  I. H edb. (Ethiopia, G a lam a M ts, O. H edberg  4239, 
UPS).

to envi ronmenta l  factors .  This  would also 
explain the robust  appea rance  o f  the tetraploids 
from A berda re  which were  growing in an 
exposed  si tuat ion on open moor land .  T h e  con ­
spicuous difference be tw een  individuals from 
high and low al t itudes was  pointed out  already 
by Engler  (1904).

T he re  is a fairly strong  correlat ion between 
spikelet length and pollen size (Fig. 3), but 
whereas  there  is cons iderable  over lapping in 
spikelet length there  is a s trong tendency  for 
the pollen grains o f  dodecap lo ids  to be larger 
than in tetraploids.  I t  is, how ever ,  difficult to tell 
w he ther  the difference in pollen size is due to 
the difference  in ch ro m o s o m e  num ber  or  to the

fact that the dodecaploids  occur  at higher 
al t itudes, s ince both within the material as a 
whole and within individual mountain popu la ­
tions pollen size increases with increasing 
altitude (Fig. 4).

Ethiopian material

T h e  three collect ions from Ethiopia deviate in 
general  appea rance  from the Eas t  African 
material in their gracile form and slender 
panicles (Fig. 7). In these  features they more 
closely resemble European  A n th o xa n th u m  
odora tum  (cf. also O. H edberg  1971). Thei r  
glumes are equal  or  subequal ,  the sterile lemmas
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are linear with trunca te  tips and only about  half  
as long as the glumes and the fertile lem m a is the 
same length as the steri le lemmas (Fig. 5, 6). In 
the East  African material ,  on the con t ra ry ,  the 
lower glume is cons iderably  shor te r  than the 
upper ,  the sterile lem m as  are the same length 
as the lower glume, slightly b roader  and obtusely 
bilobed in their  upper  part  and the fertile lemma 
is only half as long as the sterile lemmas .  T h e  
only Eth iopian individual  from which cytological 
material was available proved  to be tetraploid.

In spite o f  the l imited material available the 
differences accoun ted  for  here jus t ify  describ ing  
the Ethiopian material  as  a separa te  species.

Anthoxanthum aethiopicum I. H e d b . ,  sp. nov.

Quoad habitum  a d T .  odora tum  L. accedit sed ab  illo 
et A .  nivali K. Schum . differt essentialiter glumis 
subaequalibus, lemmatibus sterilibus quam  glumis 
multo brevioribus, l inearibus, apice truncatis ,  lem m a 
fertilis lemmatibus sterilibus vix brevior.

Orig. coll.: E thiopia , A russi  P rov .,  Chillalo A w raja,  
G a lam a M ts (c. 30 km E S E  of Asella), nea r the E slope 
of Boraluco, along a s tream , 3700 m. 10.IX 1967,
O. H edberg  4239 (UPS holotypus).

Tufted  perennial  grass  with culms up  to 15(—50) 
cm high, erect  (or straggling),  leaves up to 3(—6) 
mm broad ,  inflorescence slender,  spike-l ike 
(to open).  Spikelets  6(-7.5)  m m  long, lanceolate,  
with equal o r  subequal  glumes. Sterile lemmas 
half as long as the glumes ,  linear, with trunca te  
tips. Fert i le  lemma abou t  the same length as 
the sterile lemmas.
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Mollenhauer ,  D .  (ed.) 1975: Erstes In te rn a tio n a ­
les D esm id ia cee n sym p o s iu m ,  Bieber  (Spessart) ,  
S ep te m b er  1971. V erhandlungen.  316 pp. ,  46 pi., 
39 fig. Beihefte zur N o v a  Hedwig ia  42. J. 
C ram er ,  L eh re .  Price D M  200.-.

Dur ing  the  pas t  decades  huge international 
congresses  have  lost much of  the ir  importance .  
T he i r  role has to a great ex tent  been assumed by 
symposia.  T h e s e  work-shops  afford a more  in­
spiring and  fruitful opportuni ty  for  presen ta t ion  
and discussion o f  research p rob lems  and results.  
A m ong  the numerous  sympos ia  there  are of  
course,  phycological  ones .  T h e  first ones  in the 
field o f  marine phycology were  soon fol lowed by 
symposia  on blue-green algae and on dia toms.  
T h e  younges t  m e m ber  in the family of  phyco logi­
cal sym pos ia  has  been tha t  a r ranged  for  the 
people working on and with desmids.  This  
symposium was  arranged  in Sep tem ber  1971 by 
D r  Die te r  M ol lenhauer  in Bieber (Spessart).  H e  
has done good work in making available the 
results of  tha t  sympos ium which have  now been 
published by J. C ram er .  T h u s  C r a m e r  has taken  
care of  the  proceedings  from the symposia on 
diatoms as well as  that on desmids.  D r  Mollen- 
haue r  has not  only prepared  the proceedings,  he 
has also wri t t en  a splendid introduction which 
emphasizes  m any  points  o f  interest .  H e  has 
furthermore  cont r ibuted  with a  com prehens ive  
paper on morphology  and phylogenet ic  relations 
amongst  desmids.

T h e  majori ty of  the papers cover  cytology,  
morphology,  and  reproduc tion.  H o w e v e r ,  there 
are some taxonomica l  contr ibutions.  D r  A n d e r ­
sen has a shor t  no te  on some prob lems in the 
nom encla tu re  o f  desmids,  and on the later  
star t ing point  rule. T h e  discussion about  the 
advantages  and  disadvantages  o f  the later  
s tart ing point  which was ini tiated by the proposal

o f  N o rd s t e d t  (1906) is surprisingly long-lived. In 
the case  o f  E uas trum  binale  it has al ready been 
stated by  N o rd s ted t  (1906) that Ralfs ought  to be 
quo ted  as the author,  because T u r p i n ’s 
H eterocarpella  binalis is quite inde terminable.  
A very  good  reason indeed.  Incidental ly,  the 
genus C osm arium  was not described by C o rd a  in 
1834, only a few species;  the generic diagnosis 
was published first in 1839. Spirotaenia  was only 
m entioned  by Brébisson in 1844, the descript ion 
fol lowed first in 1849, one year  after the descr ip ­
tion had  appea red  in Ralfs (1848).

T he  following contr ibution by D r  Bicudo 
considers  the typificat ion of  A rthrodesm us.  It is 
a prob lem of  which Teil ing also was well aware 
when he published his monograph  o f  Stauro-  
desm us.  W e  have very  good hopes  tha t  D r  
Bicudo will consistently follow up  the matter  
with an analysis  and rear rangement o f  all the 
taxa  involved.  It should be mentioned  that 
F ö r s t e r  (1972) has suggested that the few taxa  of  
A rth ro d esm u s  which were not  included in 
S ta u ro d e sm u s  should be included in 
X a n th id iu m ,  viz. those  with four or  more  spines 
per semicell .  T h u s  following Ralfs (1848) who 
did so with A rthrodesm us  octocornis  Ehrenb .  
H o w e v e r ,  one cannot  deny  that  A rthrodesm us  
octocornis  Ehrenb.  ex Arch ,  also has strong 
affinities to S taurodesm us,  e.g. to 5'. ex tensus  
(Borge) Teiling.  In L ake  Rudsjön  nea r  Gäv le  
(Sweden)  a rich populat ion o f  both  above 
mentioned  taxa  occurs  as well as num erous  
Janus-p lants ,  one semicell with two,  the o ther  
one with four  spines. T h e re  are even semicells 
which have  two on one side and only one  spine 
on the o the r  side.

In her  paper  D r  Mix considers  the taxonom ic  
im por tance  o f  the features character izing the cell 
wall o f  the Conjugatae,  and her  proposal  for 
modified classificat ion of  Conjuga tae (Mix 1972).
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T h e  contr ibut ion of  D r  Ruzicka dealing with 
some com mon problems which are applicable 
not  only to desmids but also to many other  algae 
is well wor th  reading.  T h ese  matters  have been 
pointed out many t imes before,  bu t  it is 
abundan t ly  clear  that  they need reiterat ion.  
There fore ,  let us emphasize  once more  the most  
impor tan t  o f  them,  viz. that the descript ions,  
discuss ions ,  and records should be accompanied 
by figures. T h e  figure is o f  fundamental  
impor tance for  all work on microscopical algae. 
Ruzicka  also discusses the use of  algal cultures 
for  the study of  variation-range of  algal taxa,  and 
the consequences  of  such invest igat ions for 
taxonomy.  I am not very  optimist ic about  this 
t rend  o f  thought.  In some cases o f  course,  one 
can expec t  some useful information,  especially 
when the  cultures are used for  the study of  
interspecific  hybridi ty in o rder  to adopt  the 
sexual cr iterion in delimiting species, as has 
been done  by Ling and Ty le r  (1974).

A n o th e r  way o f  del imiting desmid taxa has 
been exemplif ied in this volume by D r  Kasprik .  
H e  has studied the ch rom osom e numbers  in 
M icrasterias.  T h e  counts range from 25 to 230. 
T h e  results  are no t  very encouraging,  and seem, 
for the presen t  to be of  little use for the 
taxonomy.

In these  days when  ecology is the “ talk o f  the 
t o w n ” one is surprised that  the proceedings 
contain only one ecological paper ,  viz. that by 
D r T a s s ig n y .  H e  gives an account  o f  his s tudies 
on  the desmid f lora and vegetat ion in a number  
of  small oligo- and mesot roph ic  waters  in the 
vicinity of  Paris .  Stress has been laid on the 
relations be tween  the flora and environment.

1 have ment ioned a few of the papers gathered 
in this volume. T h e re  are many more  all of  which 
have som e bearing on desmids,  and throw a great 
deal o f  light on the  subject.

K uno T h o m a s so n

H es lop-Harr ison ,  J.  (ed.) 1971: Pollen: deve lop­
m en t a n d  physio logy.  338 pp. Butterworth & C o .  
Ltd. ,  London .  Pr ice £ 7.- .

Th is  at tract ively printed volume is derived 
largely from papers  presen ted at Sympos ia  and 
Conferences  held at Washington State U n i ­
versi ty,  Pullman,  U .S .A .  and the Interna tiona l

Botanical  Congress ,  Seatt le ,  Washington,  
U .S .A .

In view o f  the b read th  o f  the subject  matter  of  
the included articles,  it is helpful for  the reader 
that the Edi tor ,  D r  J. Hes lop-H arr ison ,  has 
subdivided the book  into the following five 
Sect ions :  “ N u c leu s  and Cytop lasm in Micro- 
spo rogenes is” , “ Pollen D e v e lo p m e n t  and the 
Pollen G ra in  W al l” , “ Pollen and Pollen T u b e  
M e ta b o l i s m ” , “ Pisti l-Pollen In te rac t ions” , and 
“ Incompatib i l i ty” .

E ach  sect ion is docum ented  by at least one 
fairly substantial  Review paper  together  with 
A bs t rac ts  varying in length from one  to several  
pages.  S o m e  43 persons are involved  in the 
au thorsh ip  o f  the 36 contr ibutions.

Since some t ime has elapsed since this 
publication first appea red  it is o f  interest  to note 
that several  o f  the included contr ibutions have 
been  widely ci ted as, e .g.,  in a recent ly  published 
review (cf. B otan ica l R ev iew  4: 233-314,  1975). 
In addit ion,  many o f  the b o o k ’s papers  relate 
significantly to continuing researches  conducted  
by several  o f  the part ic ipan ts ,  am ong  whom are: 
U.  C.  Baner jee,  E.  S. Barghoorn,  M. D .  Davies,  
D .  B. D ick inson ,  J.  Hes lop-H arr i son ,  R. B. 
K nox ,  C.  Laba rca ,  J.  P. M as c a re n h a s ,  D .  South- 
worth ,  and R. G .  Stanley (cf. M. V an  C am po  and 
C.  Millerand,  Pollen e t Spores ,  Paris ,  Supple ­
ment,  Oc t .  1975).

T h e  volume includes a brief  F o re w o rd  c o m ­
posed  by the late Professor  G .  E rd tm an  in which 
the reade r  is reminded,  via a quota t ion from 
Linnaeus ,  tha t  “ N a tu re  is grea tes t  in its very 
smallest  de ta i l s” !

A. Orville  Dahl

Böcher ,  T .  W. 1975: D et grpnne  G rpnland.  256 
pp. R hodos ,  Copenhagen .  IS B N  87 7496 4526,
87 7496 4542 or  87 7496 4569. Price D K r  228. -  
(clothbound).

D e t  g rpnne  G rpn land  (The G re e n  Green la nd)  is 
a m onum enta l  t reat ise in D an is h  on Green land ic n
botany.  T h e  explorat ion o f  the f lora and vegeta­
tion types  from the eighteenth cen tu ry  to our  day 
is outl ined  in the first part  o f  the  book,  followed 
by chap te rs  on envi ronmenta l  factors  and on 
adap ta t ion  to arct ic and subarct ic  conditions. 
Phy togeographica l  pat te rns  and problems o f



BOT. N O T IS E R  129 (1976)

i interpre ta t ion are dealt  with as well as  the phy to -  
I sociological  subdivision of  the island. T h e  c o n ­

cluding chap ters  survey  propagat ion  and  
d ispersal ,  variat ion and the speciation o f G r e e n -  
landic plants.  T h e  f lora is interest ing and 
relatively rich and the vegetation surprisingly 
luxur iant  if one  has not  been previously aw are  of  
the actual  ex tent  of  ice-free land sur rounding  
the huge  glaciated island.

Th is  is obvious ly a labour  of  love and T yge  
Böcher  has p roduced  a personal  and  charm ing  
volume on the island w here  he has done  so m uch  
botanical  research.  T h e  text  is abundan t ly  
il lustrated with at trac t ive pho tographs ,  m a n y  in 
colour,  taken  by Jens  Böcher.  A n  international  
edit ion would be a grea t  acquisi t ion, making the 
w ork  accessible to non-Scandinavian  readers .

G u n n a r  Weimarck

O ’C onnor ,  M. & Woodford ,  F.  P. 1975: Writing  
scientific  papers  in English . A n  E L S E -C ih a  
F ounda tion  guide f o r  authors.  A ssoc ia ted  
Scientif ic Publishers.  v i i i+  108 pp.  IS B N  
E xce rp ta  M ed ica  90 219 4035 3; ISB N  A m er ic an  
Elsevie r  0444-15165-6. Price Dfl 21.00.

F o r  the  majority of  us scientific au thors h ip  
presents  num erous  problems.  T h e  ou tpu t  o f  
scientific information has at tained  gigantic p ro ­
por t ions  making the need for concen tra t ion  more  
imperat ive  than  ever,  both  from the poin t  of  
view o f  the reader  and with a thought to the

I increased  costs  o f  product ion.
“ Writ ing Scientific Papers  in Eng l i sh”  s o m e ­

what  resembles  the C B E  Style M anual  but  
concen t ra te s  more on European  publishing 
pract ices  and is less comprehens ive .  W e  are 
guided step by step in the  planning,  prepara t ion  
and writing of  a paper,  and are shown how to  
revise the first draft both structural ly and  
stylistically,  and how then to refine the second  
draft,  for  instance,  rewrite the abs tr ac t ,  chec k  
against  Instruc t ions to A u thors ,  etc.  T h e re  is a 
chap te r  on how to type the paper,  advice on h o w  
to co r respond  with the editor  and a sec t ion  on 
correc t ing the proofs. In some short append ices  
reco m m en d ed  steps in writing a paper ,  abb rev ia ­
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t ions of  different kinds and express ions  to avoid 
are presented .  T h e  advice given in the body of  
the text  goes into considerable  detail, and to my 
mind it is sound and realistic. T h e  book is easy 
to read and is wri t ten with a great deal of  
humour.  I mus t  admit  tha t  I found mysel f  
wishing at t imes that  I had read the book much 
earlier.

T h e  cover  design is made  up o f  the title of  the 
book surrounded  by  two concentr ic  rings, the 
one com posed  of  the nam es  of  languages or  
language groups,  the other  of  the names of  
different disciplines.  T h e  pa t te rn  is symbolic of  
the fact that the book  is the core  of  a system of 
guidelines to be published short ly as small b o o k ­
lets to be stored in pockets  inside the front and 
back covers.  (At the t ime of  going to press the 
Scandinavian  bookle t  is the only one that has so 
far appeared) .  This genial idea  will undoubtedly 
prove a great  asset  as  the difficulties facing 
an au thor  will vary with linguistic background 
and discipline. The  separate booklets  can also be 
revised oftener  than the core  volume. The  
publishers will not  be the same as for the book.  
Information  can be obta ined from the Secretary 
of  E L S E  (European  Associat ion of  Editors of  
Biological Journals) ,  address:  D r  J. R. Metcalfe,  
Com m onw ea l th  Agricultural  Bureaux ,  Fa rnham  
H ouse ,  F a rn h am  Royal ,  Slough, Bucks S L  
2 3 B N , U K .

F rom  the point of  view o f  the editing I wish to 
com ment  on one or  two points  concerning the 
layout of  the book.  Figs.  6 and 8 demonst rate 
a recom m ended  form o f  presenta t ion o f  illustra­
t ions -  why then has optimal use not  been made 
of  the page? A s  regards the headings the mixture 
of  symmetrical  and asymmetr ical  typography 
seems to me to be less fortunate.

T h e  book should be acquired  and studied in 
detail by all scientists writing in English. 
Inexper ienced  writers  will find it a substantial 
help, and the more  exper ienced  will undoubtedly  
derive much st imulus as regards improving 
their papers.  Edi tors  o f  journals  will be able to 
refer authors  to the recommendat ions  found in 
the book before submitt ing manuscripts  for 
publicat ion to the benefi t o f  scientific writing all 
round.

G u n n a r  W eimarck
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