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Introduction.

A series of m orphological progressions consists of form s w hich 
m orphologically becom e m ore and  m ore com plicated. M or

phology is here used in the widest sense of the w ord, thus in 
cluding anatom y, cytology, and  cell-physiological conditions u n 
derlying m orphological differences. T he series of m orphological 
progressions does not requ ire  genetic relationship  between its 
steps. It m ay serve the understanding  of the evolution that has 
taken  place, bu t is not necessarily an  evolutionary series. The 
evolutionary series, on the other h an d , requires genetic re la tion 
ship. It is not alw ays a series of m orphological developm ents, 
and  in respect of the m orphological factors m ay be either p ro 
gressive or regressive or both, because some organs m ay develop 
into a m ore and  m ore com plicated structure, while at the sam e 
tim e others are sim plified. To the question of the purpose of 
distinguishing between m orphological progression and  evolution 
this answ er m ay be given: the in troduction of the concept of 
m orphological progression m eans a sim plification: the m aterial 
is considered from  one point of view, only, viz. the m orphological 
po int of view. At each stage in the series a change takes place 
w hich m ay be defined and  m ostly dem onstrated  on recent 
m aterial. The progression m ay be briefly expressed through 
these definitions and  these, again, m ay be used to establish the 
degree of organisation of a group of plants. By definitionally 
keeping m orphological progression ap a rt from  the concept of 
evolution we obtain a b read th  of outlook w hich is not only of 
interest in itself, bu t w hich m ay p robab ly  be of a certain  im 
portance for the theory of evolution as well since the stages of 
m orphological progression have no doubt been traversed by  the 
w orld of p lants during the history of the earth.

l*
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At the definitions of the various stages of progression conditions 
of polarity  p lay  a decisive part. U nfortunately  the physiological 
aspect of polarity  is not sufficiently know n at present. Hence 
some of the views advanced  here will perh ap s prove p rem ature  
or erroneous.

The Main Series of Morphological Progressions.
The m ain  series is used here to denote the series in w hich 

there are m ost stages or steps and  in  w hich the final stage com 
prises p lan ts w ith the greatest possible m orphological differentia
tion. Besides the m ain  series there are several others, w hich seem 
to end at a com paratively  low stage of organization.

(0), (1), and (2). From Homopolarity to Heteropolarity.
Certain form s of virus are considered by m any research- 

w orkers to have a prim itive form  of life. The com plicated, 
chem ically very active substances of w hich the v irus consists 
have the quality  of being able to propagate them selves. T he indivi
dual m olecule form s ano ther m olecule of the sam e type as itself. 
On the w hole the sam e thing hap p en s w hen a chrom atin  appara tus 
in a cellu lar organism  divides. Every molecule in that ap p ara tu s  
m ay re-form . T he chrom atin  regulates the processes taking place 
a ro u n d  it in the rest of the living substance. W hen by the re 
form ation of the chrom atin  ap p ara tu s  in a cell two sim ilar 
chrom atin  m asses have developed, there are really  two centres, 
and  if these move apart, two poles are form ed in the cell in con
nexion with the two centres. The p lan t form s in w hich the polarity 
in the cell is connected with the process of cell division no doubt 
represent the m ost prim itive of all types.

Such genera as Lamprocystis am ong the su lp h u r bacteria  or 
Microcystis am ong the blue-green algae m ay serve as instances 
of the most prim itive stages that can be established in p lants. 
The cells divide in every direction and  are w ithout special organs 
of locom otion. The Microcystis cell is built centrically  w ith an 
external photosynthetic p lasm a and  an in terior in w hich i. a. 
the chrom atin  is found. T he photosynthesis conditions a growth
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of the cell. One might suppose that the cell-increased  in size 
during  its grow th,—that the ball expanded. But this does not 
h ap p e n 1. It extends in  one direction and  then divides. W e m ay 
im agine that certain  substances on which the growth depends 
accum ulate in two poles in the cell orientated in opposite d irec
tions. These poles are alike. W e m ay term  this phenom enon 
homopolarity.

It seems that in the hom opolar organization we have found 
a prim itive starting-point; for it is h ard ly  possible to visualize 
an  apolar organism . Ge it l e r  (1936 p. 24), it is true, applies the 
term  apo lar to hom opolar blue-green algae, but adds that this 
does not m ean  that these are w ithout predeterm ined  p lanes of 
division. Even spherical cells at any rate at tim es have an axis, 
i.e . a line between two poles. For that m atter apo lar organization 
seems im possible, if  only from  the following consideration. The 
form, size, and  structure of the undiv ided  spherical cell depend 
on the genes of the chrom atin  apparatus. W hen during the growth 
of the cell the genes have re-form ed so th a t there are two sets 
of them , each of these will have properties conditioning the 
form ation of cells of the sam e size, form, and  structure. T here
fore the cell does not expand in all directions, b u t extends and  
divides into two. R o bin o w ’s investigations (1947) of cell divisions 
in the rod-shaped  bacteria are very interesting in  this connexion. 
He has been able to show that the rod-shape was highly the 
result of an  extension of coccoid cells in  connexion w ith rap id  
successive divisions of chrom atin ic bodies w ithout a sim ultaneous 
division into new  cells. In Escherichia coli there is a chrom osom e
like body which splits longitudinally, and the hom opolarity  of 
the cell seems com pletely in accordance with the b ipartition  of 
the chrom atin ic bodies.

The establishm ent of the fact that hom opolarity  m ay 
change direction is of im portance for our understanding  of the 
most prim itive hom opolar state. T he axis connecting the poles 
m ay change its situation and  e. g. tu rn  through an angle of 90°.

1 H e i t z  (1940, 1942) supposes that the polarity is due to accumulation of 
growth substance in one part of the cell, thinking of the heteropolarity frequently 
found in mosses (see below). Starting from this point of view he tried to prevent 
germination of heteropolar spores of moss by many-sided artificial addition of 
growth substance. By means of /3-indolyl acetic acid he succeeded in making spores 
develop into larger balls of a volume 40—50 times as large as that of the original 
spores.
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In Bacterium megathericum  Robinow ( /oc. cit. p. 377) by cu l
tivation on 2 per cent, m alt agar succeeded in producing sarcina- 
like clusters by the p lane of cell division being tu rn ed  through 
90°. A hom opolarity  w hich m ight be shifted in any direction 
is p robab ly  the most prim itive type. Perhaps it corresponds to 
w hat was term ed rad ia l polarity  by Schussnig (1938). And it 
m ay be influenced by external conditions. However, Schussnig 
confuses various things since u n d er rad ia l polarity  he classes 
partly  the Chroococcaceae, partly  the Fucus zygote. The Fucus 
zygote is not hom opolar, but heteropolar. Its polarity  appears 
only at the germ ination (see Inoh 1935) and  the division p lane 
of the cell depends on various external conditions, e. g. the 
direction of incidence of light, pH , differences in tem perature, 
influence of certain  chem ical substances (see Rosenvinge 1888, 
Lowrance 1937, W hitaker 1942, W hitaker and  B erg 1944). 
A sim ilar developm ent is found in Equisetum  spores (cf. Mo se - 
bach 1942).

Schussnig in his w ork also m entions the existing criteria of 
polarity  in un icellu lar plants. T here are partly  m orphological, 
partly  physiological criteria, am ong w hich he reckons the d irec
tion of m otion. A flagellate w ith flagella at one pole here has a 
distinct front part, thus even if the flagellate is sw im m ing b ack 
w ards, w ith its front p art behind. In this I agree with him , but 
w hen in the sam e context he m entions a bacterium  with flagella 
at both ends and  assum es th a t only the direction of m otion can 
decide w hich is the an terior and  w hich is the posterior part, I 
th ink  he attaches too great im portance to the direction of m otion. 
Instead of supposing that the polarity  in such a bacterium  inces
santly  changes its direction, I should  prefer to consider the 
bacterium  as hom opolar, as both ends of it m ay function as front 
p art, and  w hich end at the m om ent in question will have the 
strongest effect, will depend  on the stim ulation to w hich the 
bacterium  is exposed. It m ust be the m orphological polarity  
w hich  is decisive, not a fortuitous state w hich is m ade possible 
by the special s tructu re of the cell.

T he transition  from  a hom opolar to a heteropolar state in 
un icellu lar p lants can no doubt be best studied in bacteria, w here 
the flagella m ay be placed on all sides (peritrichous), at both 
ends (am phitrichous), or at one end. Among these the peri-
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trichous type—if existing at all—m ust be p laced first as any 
polarity  as regards flagella is here absent. Next comes the am phi- 
trichous type with hom opolar insertion of the flagella, an d  finally 
the form s w hich have one flagellum  or a cluster of flagella p laced 
onesidedly. These m onotrichous or lophotrichous form s are 
heteropolar. T he transition  w hich can be studied here is not 
influenced by external conditions. It is a question of different 
stages o f organization.

After these considerations we can m ore closely define the 
first stages in the m ain series of m orphological progressions:

(0) Shifting hom opolarity .

The p lane of division of the cell is not fixed, but can  theore
tically be in all directions. Polarity closely connected w ith diffe
rences arising in connexion with the m echanism  of cell division.

(1 ) F ixed hom opolarity .

The p lane of division of the cell is fixed. M orphologically 
distinct poles are  found, w hich have the sam e structure. Polarity 
not always connected w ith differences arising in connexion with 
the m echanism  of cell division.

(2 ) H eteropolarity.

M orphologically distinct poles of different structure. The 
p lane of division of the cell is fixed or shifting by the influ
ence of external conditions. Polarity  as a ru le  independent of the 
m echanism  of cell division.

An organism  like Chroococcus turgidus is at a transitional 
stage between (0) and  (1). Here the p lane of cell division is 
regularly  tu rn ed  through ab. 90°. If the first division is in one 
direction, the following ones will as a ru le  take place in a direction 
transverse to that of the first division. The shifting polarity  here 
is restricted to several definite planes. In  Eucapsis there are three 
p lanes of division at right angles to each other and  hence cubical 
colonies, in Merismopedia only two such planes and  square- 
tab u la r colonies. F inally  there is one plane, only, in p lants fo rm 
ing catenulate colonies, and  here we m ay therefore use the 
term  of fixed hom opolarity.



8 Nr. 13

It is m ore difficult to find form s showing the transition 
between hom o- and  heteropolarity , (1 ) an d  (2). W e m ust resort 
to p lu rice llu lar form s, i. e. form s belonging to Stage (3), to

Fig. 1. a—g Pseudanabaena galeata, h—j—k Pseudanabaena biceps, f and j uni
cellular “hormogonia” (detached terminal cells), x 1700. After B o c h e r  1949 a.

illustrate this transition . Pseudanabaena biceps and  galeata are 
particu larly  suitable. They are unram ified , filiform, w ith specially 
equipped term inal cells in  w hich the po larity  particu larly  appears 
in the term inal p lacem ent of the gas vacuoles (B ocher 1949 a). 
In both species the term inal cells m ay be detached and  grow
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into new  filam ents. At the detachm ent the cell is heteropolar, 
but soon after it develops in a hom opolar direction, sm all gas 
vacuoles developing at the end w hich before the detachm ent 
was tu rned  aw ay from  the apex. The cell now gets two sim ilar 
ends, w hich are distinct from  the m iddle of the cell. T hen it 
divides and  the w all develops in the central part, w hich no 
doubt both structurally  and  chem ically  differs from  the ends. 
The w all comes to separate two heteropolar cells, the polarity  
of which is d iam etrically  opposite. T aken  as a whole the filam ent 
is hom opolar, but its various cells are heteropolar. T he filam ent 
m ay move in both directions, but as in a tra in  on the su b u rb an  
ra ilw ay  we cannot speak  of a front p a r t and  a h in d er p art. The 
above-m entioned transfo rm ation  of the polarity  in a detached 
term inal cell suggests that after the detachm ent certain  chem ical 
changes take place w hich result in the form ation of gas vacuoles 
in the end just detached. In Pseudanabnemi biceps this end 
gradually  becom es bright and  tapering. The substances most 
p robab ly  existing w hich give rise to the developm ent of the special 
structure in the term inal cells m ay be called term inal substances. 
As long as the term inal cells are connected with the other cells 
the term inal substances will have a re tard ing  effect on the pole 
tu rning aw ay from  the apex. After the detachm ent the term inal 
substances will g radually  be d istributed m ore and m ore evenly 
to the poles until hom opolarity  has been obtained. To go from 
a hom opolar to a heteropolar state we need only th ink  of a con
stant re ta rdation  of one pole or a constantly  unequal d istribution 
of such term inal substances.

In  its structure Pseudanabaena rem inds of a Streptococcus, 
and  it was m entioned above that rod-shaped  bacteria in certain  
cases might be regarded  as undivided chains of coccoid units. 
In such form s, too, it m ay therefore be supposed that there are 
differences of po larity  of the sam e type as that m entioned. The 
question now arises w hether the heteropolarity  arising in such 
th reads can be supposed to be the source or a condition of the 
heteropolarity  occurring in un icellu lar plants, e. g. in mono- 
trichous bacteria. This can hard ly  be excluded, but it will m ean 
that heteropolarization follows after trich o m ata tio n : trichom a- 
tation will be Stage 2 and  heteropolarization Stage 3. In this 
connexion it should  be kept in m ind  that most heteropolar
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unicellu lar organism s, e. g. flagellates, have an  extrem ely com 
plicated, greatly differentiated cell structure. However, in num erous 
cases it is hard ly  possible to im agine the heteropolarity  as having 
arisen w ith trichom ic form s as in term ediate stages, and  perhaps 
this is not necessary, either. W hen a un icellu lar heteropolar 
organism  divides, such as e. g. Ochromonas granularis, it passes 
through a hom opolar state in the anaphase. The difference 
between the Ochromonas species and  a Pseudanabaena is th a t the 
form er after the detachm ent of the cells does not regenerate a 
term inal pole in the detached end. Im m ediately  before the 
detachm ent o f the cells these have opposite polarity, a—b, b—a, 
an d  this is m ain tained . In  Pseudanabaena we also in a detached 
term inal cell find the d istribution a—b, but here the state then 
is changed in  the direction a—b —a.

(3) Trichomatation.
A lready in  diplococci or blue-green algae such as Synecho- 

cystis we find the first beginnings of trichom atation. Tricho- 
m atation also takes place in diatom s and  desm ids, bu t here the 
trichom es are considered to be in the na tu re  of colonies or cenobia, 
while e. g. in the Oscillatoria they represen t a genuine p luri- 
cellularity. T he criterion of genuine p luricellu larity  m ust be the 
m utual physiological in terdependence of the cells. Visible evidence 
of a dependency or a collaboration appears in the existence of 
pores and  p lasm odesm s between the cells. However, it cannot 
be concluded from  the absence of plasm odesm s that there is no 
in terdependence of the cells, for it m ay be assum ed partly  that 
there are often subm icroscopical p lasm odesm s present, partly  
th a t there m ay be perm eation  of substance through the cell wall. 
Hence it m ay som etim es be difficult or im possible to decide 
w hether an  organism  is organized as a filiform colony or as a 
trichom e.

The above-m entioned hom opolar trichom e found in  the 
Oscillatoriaceae will not be m entioned in detail here. It only 
belongs to the m ain  series provided  that it represents a stage 
w hich is lower than  the heteropolarization. On the o ther h an d  the 
trichom e w hich has a heteropolar structure with a base (a ttach 
m ent cell) and  a part growing upw ards clearly  represents a
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higher stage in  the progressive m ain  series. Such a heteropolar 
trichom e is found already  in blue-green algae, such as e. g. 
Endonema  (see Pascher 1929) and  here has its starting-point 
in a spherical endospore. In the green algae, on the other hand , 
the starting-point is a sw arm  cell of a heteropolar s tructure w hich 
attaches to a substratum  and  germ inates. Schussnig ( /oc. cit. 
p. 229) m entions that the sw arm  cell is attached at the front 
p art an d  that the rea r end then grows into a fdam ent. He is of 
opinion that the polarity  in the cell thus obtains an  opposite 
direction. H ere it should be noted that the cell is still heteropolar 
an d  that we can  h ard ly  com pare “ fron t” and  “ re a r” in a sw arm er 
w ith base and  apex in a algal trichom e. Recent investigations 
(K ostrun 1944), indeed, have show n that the polarity  of the 
sw arm er in  green algae mostly is in good accordance w ith the 
polarity  of the fdam ent. In  the cases in w hich only one sw arm er 
is form ed in  each m other cell, the longitudinal axis of the sw arm er 
will correspond to the transverse axis of the m other cell. If such 
a sw arm er is attached by the front part, the contents in the part 
containing the chrom atophore are tu rn ed  through 90°, so th a t the 
original polarity  of the m other th read  is reta ined . O ther sw arm ers 
are attached at the flank an d  grow out w ithout any turn ing  of 
the contents. F inally  there are form s in w hich the longitudinal 
axis of the sw arm er com es to correspond to the longitudinal axes 
of the germ ling w ithout it being possible to see w hether there 
have been any changes in the contents of the cell. Kostrun 
here supposes th a t there m ay be subm icroscopical p lasm atic 
changes corresponding to a tu rning of polarity  through 180°. 
It seems easier to me m erely to th ink  of the front p a rt of the 
sw arm er as physiologically corresponding to the basal end of the 
trichom e.

(4) Simple Ramification.
A next im portan t stage is reached  w hen the trichom e ram ifies. 

The ram ification w hich takes place in  blue-green algae, both 
the genuine and  the false ram ification, however, does not belong 
to the m ain  series, as even the “genuine” ram ification here is 
of another and  m ore prim itive charac ter th an  that found in 
other T hallophyta. It is characteristic of most of these that the 
ram ification starts from  the upper end of the cell (fig. 2). Only
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Hg- 2. Examples of simple ramification. A. Callithamnion tetragonum var. fruti- 
culosa. Upper part of sterile branch. Branches of the first order are numbered 
The branches marked with X are of the second order. — B. Anthithamnion 
boreale. Distichous ramification having arisen by the formation of two opposite 
a! poles. Below, rhizoids issued from b poles. A X 200, B x 95. (After R o se n -

v in g e ).
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in certain  m uch derived form s such as e. g. Bostrychia, w here 
the branches form  a cortical covering around  a cen tral cell 
filam ent, the row s of cells corresponding to branches m ay  issue 
from  basal parts of the cells (F alkenberg 1901). In form s of 
algae in  w hich rhizoids or so-called hyphae develop by ra m i
fication, these as a ru le  are given out from  the lower p arts  of the 
cells. In both cases the ram ification m ust be supposed to be due 
to a division of the existing poles into an axial and  a lateral pole. 
W hen the lateral pole is form ed in  the upper p art of a cell, a 
lateral b ran ch  develops. If it is form ed at the base, a rhizoid 
m ay develop. No real repolarization  has taken  place, but there 
is a division of the existing poles. Now it appears that the branches 
mostly grow obliquely upw ards and  grow less intensely than  the 
m ain  filam ent. Thus, at the division of the poles two sim ilar upper 
poles and  two sim ilar lower ones have not developed, bu t the 
lateral ones are slightly different from  the axial ones. A difference 
in po larity  has arisen transversely  to the longitudinal axis, this 
difference being m ain tained  together w ith the longitudinal or 
axial polarity. In the d iagram m atical figures (fig. 4) the axial 
polarity  is term ed a—b, the transverse or rad ia l polarity  aL—a2— 
a3, etc.

In  a very great num ber of uniseriate filiform  algae with a 
heteropolar structure the very lowest cells at the ram ification 
are apt to form  rhizoids or attached b ranches only, while the 
u pper cells form  obliquely upw ards growing lateral branches 
only (fig. 2B ). This m ay be supposed to be due to a different 
concentration of the substances determ ining the poles. The 
“ a-substances” are in excess in the whole of the upper region, 
the “ b-substances” in the lower cells. According to this theory 
the a-substances in a hom opolar filam ent will have the intensest 
concentration at the ends, w hich unden iab ly  goes very well with 
the appearance of Pseudanabaena (figs. 1 and  7 A). Conditions of 
ram ification in a num ber of Cluietophoraceae, e. g. Stigeoclonium  
lubricum, are interesting in this connexion (see figures in B e r - 
t h o l d  1878). At the germ ination of the zygote a plagiotropic 
filam ent creeping in  both directions develops, thus a hom opolar 
filam ent. P rovisionally disregarding the upright b ranches and  
only looking at those creeping like the m other filam ent, it m ay be 
established that the lateral b ranches tow ards the two ends are
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given out typically  from  the distal end of the cell, while those 
in  the m iddle of the m other filam ent are issued m edianlv. The 
m idm ost cells in such a filam ent will be m ore or less hom opolar 
with two com paratively  w eak poles and  a m edian  “ po le” which 
is u n im paired  or even strengthened (cf. fig. 7). Therefore it is 
this m edian  “ po le” w hich here gives rise to the lateral ra m i
fication, an d  the b ranches m orphologically develop like the other 
distallv  issuing lateral b ranches, but the b ranches from  the 
cen tral cells grow out at right angles to the m other filam ent. In 
the d iagram m atical figures the poles are m arked  w ith a and  /? 
in order to show that this is a slightly different type of polarity, 
w hich  is horizontal, or, better, depends on the p lane of the su b 
stratum .

(5) Pluripolar Ramification.
In Stigeoclonium, however, also upright shoots are given out 

and  it now appears th a t these, like the b ranches reduced  into 
hairs, issue from  the m iddle of the cells. This shows that besides 
the poles a an d  /? a new pole m ust have developed in these 
cells, upw ards and  in the m iddle of the cell. H ere there is no 
division of an  axial pole, bu t a new -form ation.

Before going on, a consideration of the red  alga Trailliella 
intricata  is of im portance, because this alga besides creeping 
filam ents w ith a—^-polarity  has upright m ain  filam ents and  
dow nw ards tu rn ed  filam ents form ing h ap tera  (fig. 3). These 
hap teron  shoots like the erect ones issue from  the m iddle of the 
cells, b u t d iam etrically  opposite to the form er. This clearly

Fig. 3. Trailliella intricata. Creeping filament with erect filament and hapter.
X 260 . After R o s e n v in g e .
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shows th a t the cells m ust have four m ain  poles and  two crossing 
axes. They have a horizontal a—/9-polarity and  a vertical a—b- 
polarity . As both in  the horizontal p lane and  in an upw ard  and  
dow nw ard direction lateral b ranches m ay be given out (often

8
Fig. 4. Diagrammatic figures showing the theoretical conditions of polarity in 
algae which are unicellular or consist of one row of cells. 1 homopolar unicellular, 
2 homopolar bicellular, 3 heteropolar unicellular, 4 heteropolar bicellular, unrami
fied, 5 heteropolar with incipient simple onesided ramification, 6 the same with 
two-sided simple ramification and rhizoid formation, 7 heteropolar with simple 
ramification, 8 homopolar with ramification due to turning of polarity (Stigonema 
type), 9 pluripolar ramification (as in Stigeoclonium lubricum or Trailliella intricata).

in the form  of sm all g land cells) w hich are p laced regularly  
near a-, a-, or b-poles, this shows that here we have to do with 
a very com plicated form  of polarity. This is the one w hich is 
the cause of p lu ripo lar ram ification.

The m orphological stage of algae of this type is very im portan t 
as it is possibly a condition of a further progression. It will not 
be possible to illustrate this until an  account has been given of 
the next stage.
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(6) Simple and Pluripolar Syntagmation.
Syntagm a  is used by Schussnig to m ean “ alle jene T hallu s

bildungen deren  anatom ischer und organogenetischer A ufbau die 
Zusam m ensetzung aus m ehreren bis zahllosen, zunächst gleich
artigen, später differenzierten F aden  oder Schlaucheinheiten 
erkennen  lässt” . Schussnig here  is th inking of the thallus as a 
whole, in the algae, if anything, O ltmanns’ “ S pringbrunnen
ty p u s” and  derived form s, and the thallus in lichens and  in the 
fruit body of m ushroom s. The peculiarity  about the syntagm a 
type is the coalescence o f single filam ents into larger bodies. 
Such a feature m ay also be observed in p lants built on other 
principles. In e.g. Polysiphonia an d  Delesseria there are m ain 
axes from  w hich lateral axes issue. These, however, do not 
develop as free cell filam ents, bu t either coalesce into cylindrical 
bodies or into llat leaf-like bodies. Any form  of sideways coales
cence of originally sim ilar filam ents into firm er bodies m ay be 
term ed syntagm ation.

W e m ay now distinguish between a syntagm ation of filam ents 
w ith sim ple ram ification, and syntagm ation of filam ents with 
p lu ripo lar ram ification. These two types m ay be term ed simple 
and pluripolar syntagm ation. They cannot be regarded as 
two independen t stages, for it is highly questionable w hether the 
sim ple syntagm ation belongs to the m ain  series. Indeed, it is 
not necessary to th ink of sim ple syntagm ation as the basis of 
the p lu rip o lar one, even if a close connexion between these types 
is not excluded.

Sim ple syntagm ation is fount! e.g. already  in the cortical zones 
of a Ceramium. Here, however, only p rim ary  pores are found 
between the cells, i. e. the original b ranches indeed have coalesced, 
but physiologically they still seem to constitute connected system s 
of cells. In Polysiphonia the syntagm ation is m ore in tim ate as 
secondary pores develop between cells w hich do not belong to 
the sam e original system of b ranches. At the secondary pore 
form ation i. a. a cell fusion takes place through w hich the 
m ost in tim ate contact is obtained. In Delesseria as well, w hich 
has sim ple syntagm ation, there are plenty of secondary  pores 
(ROSENVINGE 1909—31, p. 466). In the genus of green algae 
Coleochaete there are in the plagiotropic thallus pressed against
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the substra tum  all possible transitions between quite free cell 
filam ents and  cell discs w hich have arisen by fusion of plagio- 
tropic filam ents (cf. Schussxig, loc. cit. pp. 276—277 “ Nemato- 
p aren ch v m ” ).

Among the k ind  of form s w hich show p lu ripo lar syntagm a- 
tion there are also degrees of the intim acy of the coalescence. 
In a “ fountain type“ like Furcellaria fastigiata  it is still easy to 
pursue the ind iv idual filam ents and  their ram ifications and  there 
do not seem to be any secondary pores. In other, m ore derived 
form s there is a m ore intim ate contact; the cells com m unicate 
through num erous prolongations penetrating the very thick walls 
(e. g. in Eucheuma speciosum, fig. 22 in B orgesf.x 1943). It is 
no doubt correct to speak about a higher degree of contact, for 
the filam ents in a Furcellaria are h ard ly  w ithout contact, the 
reason being that even though there m ay not be any secondary 
p lasm odesm s between paralle l filam ents, neither m icroscopical 
nor subm icroscopical ones, the occurrence of a m utual influence 
by secretion and  absorp tion  from  the cells is not excluded. U n
fortunately too little is know n about this feature.

The germ ination of the spores and  the first stages of growth 
are of the greatest im portance for our understanding  of p lu ri
po lar syntagm ation. In a great num b er of form s a com pact cell 
disc or hem ispherical body closely attached to the substratum  
develops. Such a basal disc m ust have developed by divisions 
partly  in  a horizontal, partly  in  a vertical direction, and  thus 
m ay be regarded  as a syntagm ation of filam ents w ith both a—/?- 
and  a—b-polarity.

L ater the erect, p lu riax ial m ain shoots are given out from  the 
basal disc. W e m ay now, no doubt rightly, assum e that p re 
viously several differences in po larity  have arisen between the 
cells in the basal disc, w hich grows up to the erect shoots. The 
p robab le  difference in substances determ ining the poles in  a 
hom opolar, plagiotropic filam ent was m entioned above. In quite 
a corresponding w ay it m ay be supposed that there are differences 
in concentration betw een the central parts of the basal disc and 
the peripheral parts, which, as said above, correspond to ends 
of filam ents. The appearance of the erect shoot therefore has been 
determ ined already  in the basal disc. A chem ical influence from 
filam ent to filam ent therefore, as assum ed above, is h ard ly  the

D an. Biol. Medd. 18, no. 13. 2
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m ost decisive factor for the m orphological developm ent of the 
p lan t body. The m utual relation between the filam ents—the 
rad ia l polarity—is determ ined already  before they shoot up. It 
seems possible to derive this rad ia l polarity  from  hom opolarity  
during plagiotropic growth by coalescence of plenty of filam ents 
an d  branches with such growth.

In species with apical or in tercalary  m eristem s there is at 
the developm ent of the m eristem  a sim ilar rad ia l po larity  as in 
the basa l disc, and  in these cases it sp reads dow nw ards or both 
up an d  down, as e. g. in Nereia filiformis, which was thoroughly 
investigated by Kuckuck (1929).

Form s w ith large top cells, as found e. g. in Sphacelciriales, 
Dictyota, and  Fucus, m ight seem greatly deviating from  form s 
w ith m eristem s. However, there are a great m any features which 
ind icate that growth of a top cell is not a p rim ary , bu t a secondary 
phenom enon. As regards Dictyota an d  Fucus Schussnig supposes 
th a t the top cells have arisen by sideways “ fusion” of several 
m eristem  cells. On the other h an d , he keeps the Sphacelariales 
outside such a view because in the case of this group he im agines 
the rad ia l polarity  to have arisen in connexion with a suppressed 
lateral ram ification from  a m ain  filam ent (changed central axis 
type). However, the developm ent of a basal disc in Sphacelariales 
and  the transition  w ithin this o rder from  the un iseriate Sphacella 
to the p luriseria te  Sphacelaria, if anything, indicates th a t the 
Sphacelariales belong to the stage of p lu rip o lar syntagm ation. 
H ence the large top cell m ay here, too, be in terp reted  as a 
“ fusion p ro d u c t” , which, how ever, should  not be regarded  as 
referring  to a real fusion, for w hat has h appened  is p robab ly  
one or m ore m utations, w hich have caused plants w ith genes 
for a m ulticellu lar m eristem  of p lu rip o lar cells to develop into 
p lan ts w ith genes for a single p lu rip o lar top cell. Top-cell growth 
thus m ay have developed on the basis of m eristem  growth, bu t 
nothing has h appened  to justify  a reference of form s w ith top 
cells to a higher stage in the series of m orphological progressions. 
A Fucus or a Dictyota w ith  top cell is not at a higher stage than  
a Laminariacea  w ith an in tercalary  m eristem . Besides, it should 
here be noted that form s w ith top cells do not belong to the 
m ain series.

A lready a cross-section of an  erect shoot in an alga w ith a
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com paratively  sim ple structure like Furcellaria fastigiata  shows 
a clear anatom ical tripartition  of the shoot into a central string 
of very long, narrow  cells, an inner cortex of ra th er large, short 
cells, and  an outer cortex of sm all, assim ilating cells. The zones 
are not well-defined and can easily be connected w ith the above- 
m entioned rad ia l polarity. In other red  algae the differences 
becom e m ore pronounced. As an  exam ple m ay be m entioned

Fig. 5. Mychodea chamaedoridis Borgs, a transverse section, b longitudinal section 
of the thallus. x 60. After B o r g e s e n .

Mychodea chamaedoridis described by Borgesen  (1 9 4 3 ); see 
fig. 5. Here there is nearly  a tripartition  into stele, cortex, and 
epiderm is, and  at any ra te  a close approach  to the anatom ical 
differentiation found in stem s and  roots of prim itive arche- 
goniates (cf. p. 21).

(7) Differentiation of idioblasts and formation 
of cell patterns.

W ith this stage we are no doubt for the tim e being at the 
lim it of w hat on the basis of m orphological investigations we 
dare  im agine as regards conditions of polarity. A num ber of 
algae both m orphologically and  anatom ically  reach  a very high 
degree of differentiation presupposing a fu rther com plication of 
conditions of polarity. W e m ay rem ind  of the sieve-tubes and  m uci
lage canals in Laminariales and  conceptacles (incl. cryptoblasts) 
and  air b ladders in Fucus. Also the thalli of m acrolichens and 
the fruit bodies of m acrom ycetes reach  very high stages. They

2 *
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represent stages above syntagm ation itself, but they do not 
belong to the m ain  series.

The fundam entally  new  about these form s in relation to 
such as only reach  syntagm ation itself is the developm ent of 
idioblasts or special system s of tissue w hich collaborate in such 
a w ay that we can begin talking about vegetative organs.

The developm ent of conceptacles in the Fucacene is very 
instructive. The h a ir pits are found distributed on the surface 
of the p lants and  at m ore or less regular distances from  each 
other. At certain  definite intervals initial cells arise w hich cause 
the developm ent of these organs. It very m uch rem inds of the 
developm ent of lip cells in the epiderm is in the corm ophytes. 
Such a differentiation w ithin the sam e anatom ical area in certain  
definite places (fo rm ation  of a cell p a tte rn ) presupposes a 
form  of polarity  on a som ew hat higher p lane than  the above- 
m entioned form s of polarity . It m ust be adm itted  that even in blue- 
green algae, w hich otherw ise have a very sim ple structure, there 
are regularly  in tercalary  cells of a deviating structure (hetero- 
cysts). Also ha ir shoots m ay occur with great regularity  in m any 
algae. However, the conceptacles in Fucus and the lip cells with 
the a ir-cham bers behind  them  have the charac ter of m ulticellu lar 
organs and m ay be the result of m ore com plicated  cell differen
tiations.

Cell differentiations or the form ation  of patterns seem  to be 
connected w ith growth substances with a re tard ing  effect. B unning 
& Sagromsky (1948) in the case of the stom ata were able to show 
that ro u n d  the ind iv idual stom a there is an inhibition  zone in 
w hich no stom ata developed. T his was connected with the 
developm ent of a growth substance w hich prevented such d if
ferential cell divisions as resulted in the form ation of new initials 
for lip cells. On the whole the differentiation of idioblasts in 
p lan t tissue (lip  cells, roo t-hair cells, passage cells, or e. g. tricho- 
sclereids in  air roots (cf. B loch 1946)) to begin with seems to 
be inh ib ited  by  such substances as m ay be supposed  to be 
p roduced  by the m eristem  cells. Only w hen the concentration 
of these substances has becom e sufficiently low, a differentiating, 
unequal cell division m ay take place through w hich an  idioblast- 
initial cell particu larly  rich  in p lasm a is form ed. But this, again, 
has recovered its em bryonal charac ter and  now  gives off the



Nr. 13 21

sam e k ind  of substances as inhibit the developm ent of new 
initial cells in  its surroundings.

Such prim itive archegoniates as R hynia  clearly belong to the 
sam e stage as the m ost highly organized algae. Zimmermann 
(1930, p. 104) writes about this prim eval terrestria l p lan t th a t 
its “ G esam ttracht w ar noch ausgesprochen thallophytisch” . 
W hat distinguishes it from  the algae was tissues or cell types 
connected w ith its terrestria l life: the stom ata in  the epiderm is, 
the tracheids in the sim ply built protostele, and  the w ater-abso rb 
ing cells on its plagiotropic shoots.

A ccording to Zimmermann Rhynia  was built of telom es, w hich 
according to him  are uniaxial sections of shoots anatom ically  
consisting of a stele, cortex, and epiderm is. R hynia  had  horizon
tally creeping and erect shoots w hich b ranched  by sim ple b ifu r
cation. As regards ram ification it was at a lower stage than  e. g. 
Polysiphonia.

(8) Telome-Syntagmation.
Zimmermann regards the telom e as a m orphological basic 

elem ent in the corm ophytes. According to his theory telom es can 
form  “ telome clusters“ and  the ind iv idual telom es in such clusters 
can coalesce into larger bodies. In a sim ilar way as lateral branches 
in a Delesseria w ith sideways coalescence form  a flat leaf-like 
organ, so telom es are united into b lades, e. g. in Sphenophyllum  
and  Ginkgo. Basal parts of telom es in telome clusters coalesce 
into stems w ith actinostele and  still m ore com plicated forms 
of stele.

In  the section on syntagm ation the peculiar conditions in the 
brow n algae were m entioned that we should p robab ly  consider 
form s w ith an  apical m eristem  as most original and  form s with 
a top cell as derived. Hence it is interesting that the sam e process 
seems to take place in connexion w ith the telom e syntagm ation. 
In the telom e p lants w ith the lowest organization, the Rhyniaceae, 
there was a large num b er of initial cells at the top of the shoots, 
w hile in a great m any  of the corm ophytes w ith a higher organ
ization there are large top cells. But not in this case either does 
the top cell represen t decisive progress. Indeed, we see th a t both 
Lycopodium, eusporangiate ferns, and  phanerogam s have re ta ined  
the large num ber of initial cells.
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Conditions of po larity  of course with the renew ed syntag- 
m ation have becom e considerab ly  m ore com plicated and  escape 
any possibility  of m ore detailed investigation from  a m orpho
logical po int of view. On the other hand , it will be possible to 
m ake fu rther advances by m eans of physiological experim ents. 
M any experim ents have already  been m ade w hich show  th a t the 
a—b-po larity  is still p resent in corm ophytes w ith a higher organ
ization ; bu t this does not m ean m uch. Tissue cultures and  
influencing these w ith growth substances are p robab ly  the road  
leading to a pro founder understanding.

(9) Axillary Concatenation.
This concept has been taken  over from  Zimmekmann, who 

points out that any form  of ram ification from  axils is absent in 
m ore prim itive corm ophytes. In phanerogam s, on the o ther hand , 
axillary concatenation is a typical feature. It is also found in 
Equisetum, ferns, an d  in the strobili of the Lycopodiales. Zimmer- 
mann (/oc. cit. fig. 21) points out three possibilities by w hich 
axillary concatenation can  arise from  ord inary  lateral ram ifica
tion. In  all the three cases there m ust be a suppression of growth 
in  a definite p a rt of the stem.

T he question then arises w hether this axillary concatenation 
can be characterized  as a new m orphological stage of progression. 
As to this there can hard ly  be any doubt, for if Zimmermann 
is right in his in terpretation  of the origin of the axillary  position, 
the latter m ust p resuppose an  inhibition  of growth at every single 
node, w hich, again, m eans a fu rther com plication of the chem ical 
basis of the m orphological differentiation.

(10) Cambial Differentiation.
The secondary growth w hich is due to cam bia and  phellogens 

represen ts the next stage. It is true th a t cam bia  develop from  
special em bryonal cells p laced peripherically  and  form ed by the 
growing-point cells w hich arising by rad ia l polarity  during the 
developm ent of the grow ing-point have already  obtained  a certain  
la teral determ ination. Som ething sim ilar applies to phellogen 
cells, for even if these are  form ed secondarily  from  cells already  
ra th e r w ell-developed, it should  be kept in m ind that the cells
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w hich develop into phellogen are p laced in the periphery  of the 
p lan t body in question and  thus originate from  cells at the growing- 
po int w hich h ad  obtained a lateral determ ination by rad ia l 
polarity. The fundam entally  new about the secondary growth— 
w hat particu larly  causes it to represen t a new  stage—is the fact 
th a t cam bia and  phellogens in  all probability  are highly active 
in the processes of m orphological differentiation. In p lants with 
secondary growth the m orphological developm ent, the differen
tiation through differences in polarity, besides in  shoot- and  root- 
tips is also laid  in the lateral m eristem s.

The lateral differentiation due to cam bia  is very heterogeneous. 
Perhaps we ought to distinguish two stages, w hich m ight be 
term ed sim ple an d  com plicated cam bial differentiation. In the 
first case the differentiation m ainly  consists in different cells 
developing in a centrifugal an d  centripetal direction (ph loëm  and 
xylem, phellem  and  phelloderm ); in the other case also con
siderab le differences arise between the cells developed on the 
sam e side. The num erous elem ents in the xylem  an d  phloëm  
of the deciduous trees of our day  are the resu lt of such a com 
plicated cam bia l differentiation. The reason  w hy I have not 
distinguished these stages m ore closely is that it is difficult to 
find a bou n d ary  between them .

C am bial differentiation is the highest stage. Possible higher 
stages are not clearly developed. It is quite interesting to rem em 
ber th a t in ligneous lianas there m ay be a th ird  syntagm ation 
w ith several trunks growing together. Some deviating specim ens 
of certain  trees (e. g. Fagus silvática), too, behave peculiarly  
and  form  num erous anastom oses and  coalescences of the trunks. 
However, it is of course im possible to know  w hether such variants 
signify the in troduction to a new  stage of progression.

In  w hat precedes we have nearly  exclusively kept to vegetative 
characters. These are decidedly the easiest to survey, an d  it 
seems as if the progression that can  be ascertained as regards 
the structure of sexual organs and  organs of reduction division 
hard ly  differ on essential points from  that w hich m ay be 
ascertained  in the vegetative parts. But sexual organs and  to a 
still higher degree organs of reduction  division (m eiotangia) nearly  
always represen t a higher stage than  th a t reached  in the vegetative 
parts in the sam e organism . Some exam ples will illustrate this:
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Ectocarpus. Vegetative: Stages 4—5 (plagiotropic filam ents are 
found to have been developed in some species). Sexual organs: 
w ith little difference from  the vegetative lilam ents, bu t a stage 
above these, as the cells are divided into a great m any sm all 
cells each of w hich is changed into a gamete. Organs of reduction 
division: egg-shaped or spherical organs very different from  the 
vegetative filam ents, cell-form ation in the organ w ithout sim ul
taneous w all-form ation.

Lycopodium. Vegetative: Stage 8. Organs of reduction division 
(strob ili): Stage 9.

Helianthus. Vegetative: Stage 10 (in trafascicu lar cam bium  
with com plicated cam bia l differentiation). Organs of reduction 
division: Stage “ 11” . The head is a very com plicated form ation 
which presupposes a th ird  syntagm ation of inflorescence stems 
sim ultaneously w ith growth re tardations in keeping with those 
described in connexion w ith Stage 9.

Lateral Series.
The present paper is not in tended as a general m orphology. 

Hence, only some exam ples will be adduced  w hich are of special 
interest in connexion w ith the discussion of the stages of the 
m ain  series. Among lateral series w hich will not be discussed 
in detail we m ay m ention the m orphological stages of progression 
that m ay be ascertained in fungi, lichens, and  bryophvtes.

(a) Lateral Ramification with Simple Turning 
of Polarity.

T he turning of the p lane of cell division through 90° in 
bacteria and  Chroococcaceae w as m entioned above. In the group 
w hich form erly was called Hormogonales there are filam entous 
form s, thus Stage 3 in the m ain  series. Hut the Stigonemaceae 
take a step fu rther an d  have “ genuine ram ification” . A close 
com parison of this ram ification w ith that m entioned in the case 
of the m ain series (Stage 4) shows a fundam ental difference. 
The lateral b ranches in the Stigonemaceae are given out from  
the w hole cell, not from  its upper or lower part. The uniseriate 
filam ent is shaped like a horm ogonium  and horm ogonia have a
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clearly hom opolar structure. A turning of polarity  through 90° 
takes place in connexion w ith divisions transverse to the longi
tu d in a l axis of the filam ent, a process w hich p resum ab ly  cor
responds to the tu rn ing  found in bacteria and  Chroococcaceae. 
The ram ification m ay be referred  back to the shifting hom o- 
polaritv  and therefore in itself is not som ething fundam entally  
new. Hence, the Stigonemaceae do not reach  Stage 4 an d  even 
though the p lants m ay som etim es be heteropolar (Nostochopsis, 
Doliocatella) the ram ification is not in this case, either, due to 
the developm ent of any new  lateral pole. In Hapalosiphon it can 
be show n that the ram ification is initiated in sections of filam ents 
cut off from  the end of the filam ent by a heterocyst. The heterocyst 
can here be supposed to stop or change the substances con 
ditioning the longitudinal polarity  in the filam ent and  thus create 
a possibility of lateral ram ification (B o c h e r  1950). T he hetero- 
cysts, however, are not an absolute condition of the lateral 
ram ification. Thus, in the genus of Doliocatella there are no 
heterocysts and  in Stigonema  the lateral ram ification is often 
com pletely independent of the heterocysts. Here the po larity  is 
tu rned  some little distance beh ind  the apex of the trichom e. It 
m ay be supposed that the substances of polarity  passing in a 
longitudinal direction are soon w eakened beh ind  the apex, while 
in others it is w eakened slowly or only by insertion of heterocysts. 
Perhaps the chief purpose of the heterocysts is that of regulating, 
changing, or stopping substances of polarity. A large num ber of 
occurrences of heterocysts can be interpreted in this way. For 
instance the spore form ation near heterocysts in Anabaena  m ay 
be due to the heterocysts neutralizing the longitudinal polarity 
an d  them selves producing substances conditioning spore fo r
m ation. But it is difficult to explain the purpose of lateral hetero- 
cysts in Stigonema mamillosum , Nostochopsis, an d  Mastigocoleus. 
In  the last-m entioned genus the heterocysts,, however, term inate 
short lateral b ranches. In other words, they stop the growth of 
the lateral b ranch . Long branches bearing horm ogonia or long 
attenuated branches develop w here there is no form ation of 
heterocysts. In Stigonema mamillosum  the typical place of the 
heterocvsts is outerm ost in the cell fam ilies developing by the 
transverse growth of the segments. The cell fam ilies can be 
apprehended  as contracted systems of branches, and  the hetero-
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cysts therefore also here “ stop” the fu rther growth of certain 
lateral b ranches. Cannabaeus’ (1929) studies on the heterocysts 
show th a t physiologically these behave differently from  ord inary  
cells. In  any  case their appearance m ust be due to a sudden  
change in  the longitudinal polarity , and  this fact causes forms 
w ith heterosysts to be at a higher stage of m orphological p ro 
gression th an  form s w ithout heterocysts. The Oscillatoriaceae 
therefore are m ore prim itive than  the other groups frequently  
included am ong the “ Hormogonales" (cf. fu rther p. 34).

(b) Lateral Ramification in Connexion with Stoppage 
of Longitudinal Polarity.

In m ost forms of “ Hormogonales” there is a so-called false 
ram ification. This seem s to be com pletely dependent on the 
occurrence of heterocysts or in tercalary  dying cells. In a Rivularia 
a heterocyst will in terrup t the longitudinal polarity, after which 
the cell below the heterocyst will behave like a new  apex and  
grow past the heterocyst. In Scytonemaceae two sections of 
filam ent between two heterocysts separated  by a dying cell will 
be able to grow into two branches. As in the case of horm ogonium  
form ation the longitudinal polarity  is in terrup ted . Two hom opolar 
sections of filam ent will develop and  two poles w ith opposite 
orientation will be p laced opposite to each other at the place of 
ram ification. In tercalary  dying cells an d  separation  discs as 
well as heterocysts m ust no doubt be due to a change of the 
longitudinal polarity  and  hence the false ram ification like the 
lateral ram ification in the Stigonemnceae m ean  progression. 
Biologically the lateral series a and  b replace Stage 4 in the 
m ain series. None of them  seems to lead on to new  stages. And 
still one m ight feel tem pted to app rehend  cases of accum ulation 
of trichom es w ithin the sam e system  of sheaths as a k ind  of 
syntagm ation (see e. g. the very peculiar Fischerellopsis described 
by F ritsch 1932).

(c) Turning of the Plane off Cell Division without Turning 
of Polarity in Bipolarly Heteropolar Plants.

It should  first be noted th a t tu rning of polarity  here m eans 
a sudden  turning by w hich two adjacent cells get different polarity.
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In  Voluox the zygote is clearly heteropolar, w ith hyaline 
p lasm a in w hat corresponds to the front part. At the first cell 
division the zygote is split into two hem ispheres each w ith an  
equal share in the front part. At the next division the p lane of

Fig. 6. A, Chaelomorpha sp. The basal cell-like sections are heteropolar; the b-poles 
develop rhizoid-like extensions growing past the section under them. — B—C 
Enteromorpha sp. B, mucilaginescent end of an old filament. Many of the cells have 
changed into akinetes; some of these have died later and have become empty, 
others are germinating. C, among many empty rounded cells (akinetes) there are 
an ungerminated and a germinating akinete growing into a uniseriate heteropolar

filament. X 625.

division is tu rned  through 90°, but the four cells still each get 
their share of the front p art of the original cell. At the following 
divisions, too, the p lane of division is tu rned  w ithout the polarity  
being changed. A cell plate develops w hich curves an d  gradually  
com es to encircle a cavity. At last we get a b lastu la-like organism  
of heteropolar cells, w hich are la terally  connected by plasm odesm s.

In  Ulua an d  Enteromorpha  the zygote at the germ ination form s 
a heteropolar cell filam ent. A tw o-lavered plate-shaped  body or
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a tu b u la r body w ith one-layered walls develops by  longitudinal 
divisions in w hich the plane of division is tu rned  through 90°. 
The cells in these form s of thallus are all heteropo lar and  are 
no doubt unidirectional as regards polarity, as is seen, i. a., 
w hen akinetes originating from  the o rd inary  cells germ inate 
(fig. 6 B—C). At the base of the thallus the cells are able to give 
out descending rhizoids, w hich contribute to the attachm ent. 
These in Ulva either grow dow n between the two layers of cells 
or externally. They obviously com e from  the lower pole of the 
cells, bu t as there are cells im m ediately u nder them , they cannot 
grow dow nw ards vertically, bu t have to bend in one direction 
or the other to get ro u n d  those un d er them .

U nder the apical cell in a Sphacelaria, too, longitudinal walls 
soon develop w hich separate cells w ith the sam e type of polarity. 
In this case m atters, however, are quite different because the 
cells are p lu rip o lar (cf. pp. 14—15). Sphacelaria is undoubted ly  a 
derived type w hich does not belong to the m ain series, but the 
lateral series of w hich it is a representative proceeds from  a 
h igher stage than  the lateral series to w hich Volvox and  the 
Ulvaceae belong. These p lants are but b ipo larly  heteropolar and 
the lateral series in contrast to Sphacelaria do not lead to higher 
stages of m orphological progression.

(d) Regular Alternation between Cells with and 
without Ramification.

In Sphacelaria the apical cell gives off segm ent cells which 
before longitudinal w alls develop are again divided into an 
u pper an d  a low er segm ent cell. Now it appears that lateral 
b ranches only develop from  cells originating from  the upper 
segm ent cell. This m ay be explained by m eans of the theory of 
differences in concentration of the substances determ ining the 
poles m entioned on p. 13. At the form ation of a segment cell 
this as usual will get an upper and  a lower pole (a  and  b). At 
the division of the segm ent cell two cells arise, both with a—b- 
polarity , bu t with w eakened or inh ib ited  polarity  around  the 
new wall, so that we have a—(b ) in the upper and  (a )—b in 
the low er segment cell. As lateral ram ification in sim ple ra m i
fication takes place near the a-pole, only cells originating from
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the up p er segm ent cell are able to give out b ranches. Cells 
originating from  the lower segm ent cell in som e species, e. g. 
Sphacelaria plumigera, can give out cortical filam ents d irec
ted dow nw ards. The peripheral cells of the lower segment 
here are divided into four storeys of cells, and  the filam ents 
directed dow nw ards always issue from  the upperm ost storey 
bu t one, thus from  cells with a com paratively high concentration 
of b-substances. Strangely enough, they are not given out from  
the lowest storey, where one would expect to find m ost b-sub- 
stance. This m ay be connected w ith the fact that these cortical 
filam ents on the analogy of other species w ithin the o rder are 
not genuine rhizoids, but hold a peculiar in term ediate position 
between rhizoids and  lateral b ranches. In other species the system 
of cortical fdam ents becomes very com plicated as even a lateral 
m eristem  (m eristoderm ) m ay develop, w hich gives rise to second
ary growth. Secondary growth in the m ain series was considered 
the last stage, w hich followed after axillary  concatenation and 
telomic syntagm ation. In Sphacelaridles, too, it signifies a higher 
stage of progression, but there it p robab ly  follows after p lu ripo lar 
triehom e syntagm ation, only not directly, as previously a stage 
has developed with alternation of segments with m ainly  a-po larity  
and  segments with m ainly b-polarity. For that m atter, the second
ary growth is very prim itive as com pared  with that m entioned 
u nder Stage 10, the so-called m eristoderm  giving off cells only 
centripetallv  and  chiefly giving oft only one k ind  of cells. Thus 
there is a w ide gulf between this form  of lateral differentiation 
and  that achieved by cam bium  in a dicotyledonous ligneous plant. 
W hat resem bles the secondary growth in Sphacelariales most 
p erhaps is the growth w hich in Lepidodendron was due to the 
phellogen and w hich chiefly consisted in a developm ent of cells 
in a centripetal direction. An interm ediate stage, however, is 
clearly  missing. Perhaps such a stage was found in Protolepido- 
dendron or still o lder form s. If so, another stage with prim itive 
secondary growth w ithout m aterial differentiation of cells and 
possibly only w ith a centripetal developm ent of new cells should 
be added  to the m ain  series.

In  connexion w ith the theory  advanced as to the differences 
in concentration Cladostephus verticillatus is particu larly  interesting. 
Sauvageau’s thorough investigations (1906, 1914) show that at
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some distance from  the apex secondary lateral shoots originate 
from  the u p p er cells w ithin the originally inferior segments. O ther 
w eaker secondary lateral shoots develop from  the th ird  storey 
of cells arising from  an originally superior segm ent and  from  the

Fig. 7. Diagrammatical figures illustrating the theory on differences in concen
tration in respect of substances determining the poles. A homopolar filamentous 
alga with one row of cells (Pseudanabaena). The differences are supposed to have 
arisen by a movement of substance directed from the poles towards the centre 
and perhaps simultaneously a passage of substance in the opposite direction, 
towards the poles. B highly organized alga with pluripolar cells (Cladostephus), 
the ramification of which indicates differences in concentration. The boundaries 

here are not between cells, but between segments and subsegments.

th ird  storey arising from  an originally inferior segment. The 
strength of these lateral shoots is excellently explained by the 
theory  of differences of concentration as, w ith four storeys of 
cells in each segment, we get th ree degrees of a-polarity . Denoting 
the degree of inhibition by 1, 2, or 3 parentheses, we get (cf. fig. 7):
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a p o l e ..................form ing m ain  lateral b ranches
(p rim ary  lateral b ranches)

(a )  p o l e ..................  form ing large secondary lateral b ranches
((a ))  p o l e .................. form ing sm all secondary lateral b ranches

(( (a )) )  p o l e .................. provisionally  form ing no lateral branches

The Chorales m orphologically behave in a sim ilar w ay as 
the Sphacelariales. The nodal cells correspond to the upper 
segments and  the in ternodal cells to the lower segments. The 
m ain  difference is that these two types of cells in the Chorales 
are not subdivided further, that the nodal cells rem ain  short 
cells, while the in ternodal cells stretch very m uch, and  that the 
branches from  the nodal cells are not given out from  the upper 
p art of the cell bu t from  the whole cell. As, however, the branches 
behave like lateral b ranches from heteropolar p lants and  grow 
obliquely upw ards, there is hard ly  any reason to im agine a 
tu rning of polarity  at every change. It is m ore p robab le  th a t a 
fu rther inhibition  or w eakening has taken  place, p erhaps a total 
d isappearance of the pole-determ ining substances a round  the 
wall separating the nodal and  in ternodal cells so that in the upper 
cell, the nodal one, there are only (o r nearly  exclusively) a-sub- 
stances and in the lower cell, the in ternodal one, only (o r nearly  
exclusively) b-substances. In the nodal cell a form ation of some 
lateral ar poles takes place a round  the axial a-pole, but these 
lateral poles are not shifted tow ards the upper p art of the cell 
as there is no pronounced  b-pole. In Cladostephus secondary 
lateral shoots could develop from  upper cells in lower segments. 
In the Chorales such a process does not take place. Here the 
regular alternation of cells w ith and  w ithout ram ification is 
absolutely firm ly established and  as there is even a m orpho
logical difference between two cells following each other, we 
m ay say that the Chorales represen t a fu rther stage in the lateral 
series in troduced w ith types corresponding to the Sphacelariales.

Coenocytic Lateral Series.
Green algae with a coenocytic structure by virtue of their 

special cytological conditions belong to lateral series. W ithin  the 
Cladophorales there are un iseriate filam ents in Chaetomorpha in
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w hich the basal segments show b-polarity  by giving out de
scending rhizoids issuing from  the lower parts of the segments 
(fig. 6 A). F urtherm ore there is sim ple ram ification in Cladophora 
w ith ascending branches and descending rhizoids from respec
tively upper and lower parts of the coenocytic segments. W ithin 
the Siphonales there are sim ple form s such as Protosiphon, forms 
with sim ple ram ification ( Vaucheria), with ram ification according 
to the central axis p rincip le ( Dasycladaceae), form s w ith clear 
p lu ripo laritv  (w ith repent and  erect shoots, e. g. Caulerpa), anti 
syntagm atic forms ( Codium), indeed, even form s with systems 
of repen t and  erect syntagm atic thallus segm ents ( Udotea Des- 
fontainii). T hus it seems that am ong the coenocytic algae there 
are stages of progression corresponding com pletely to the stages 
of the m ain  series, a fact that appears very interesting.

Phylogeny and Progression within some Groups 
of Thallophytes.

A num b er of phylogenetic and  system atic conditions are set 
in a new light if we study the height of organization of the various 
form s on the scale of progressive stages. In w hat follows we shall 
discuss some exam ples from  the taxonom y of the thallophvta.

(1) Monera.
Copeland  (1938) in accordance with H aeckel (1866) has 

proposed  this nam e for the group of Schizomycetae and  M yxophyta  
( Cyanophyceae), i. e. the anuc lear p lants or Schizophyta. L ater 
Stanier  & V an Kiel (1941) have tried  to set up  a natu ra l system 
for the kingdom  Monera. This attem pt has aroused  general 
interest and, with the phylogenetic lines to which they have called 
attention, m arks a phase of progress in relation to previous 
times, m ore practically  arranged  bacterial classifications, and  one 
thing is particu larly  interesting: the greatest im portance is attached 
to m orphological criteria, an d  the groups to a certain  degree are 
arranged  progressively m orphologically. Stanier  & V an Kie l ’s 
fig. 1 is a survey of the phylogeny of the Eubacteriales. The 
branches of the genealogical tree are based on m orphology.
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The starting-point is a prim itive coccus, thus an im m otile 
organism  with shifting hom opolarity . From  there issue partly  a 
b ran ch  of im m otile forms, ending w ith Sarcina, partly  a b ran ch  
w ith po larly  flagellated rods, w hich ends in the m orphologically 
most derived form s, the spirilla. This series is Gram -negative. 
T he th ird  b ran ch  is fairly  heterogeneous and  h ard ly  quite natural, 
it ends in ram ified bacteria and  is carried  fu rther to the likewise 
frequently ram ified Actinomycetales. F inally  there is a b ran ch  of 
peritrichous, rod-shaped  groups. All these branches end in form s 
of a higher stage of progression, as flagellate bacteria m ust have 
a higher organization than  non-flagellate ones. Among the motile 
bacteria  the heteropolar m ono- or lophotrichous form s m ust be 
at a higher stage than  the hom opolar (b ip o lar) m ono- or lopho
trichous ones. As stated by Stanier  & Van N ie l , it is p robable 
that future work will show the necessity of drastic revisions. The 
im portance of the genealogical table therefore at the present stage 
is chiefly in the discussion it m ay bring about. A very im portant 
contribution to a greater discussion has recently  been m ade by 
P ringsheim (1949). W hereas Stanier  & Van N iel like several 
o ther w orkers point to a close affinity between Cliroococcales and  
Eub act er idles, P ringsheim arrives at the view (/or. cit. p. 87) 
that “ there is no affinity between B acteria an d  M yxophvceae” . 
Even though I com pletely accept P ringsheim’s attem pt at a c ir
cum scription of bacteria and  blue-green algae, I do not see that 
he has p roduced  evidence of anything but the fact that the highly 
organized bacteria  and  the highly organized blue-green algae are 
essentially different. Both groups include several stages of m or
phological progression and  the lowest of these (the im m otile 
coccoid type) is com m on to both groups. As this lowest stage 
even cvtologically proves to be of a low organization, and  this 
in the sam e w ay (absence of a genuine cell nucleus, sap  vacuoles, 
and  plastids as well as im portan t accordances w ith regard to the 
chrom atin  ap p a ra tu s; cf. also N eugnot (1950)), it is hard ly  
p rem atu re  to assum e affinity in the form  of com m on origin 
between bacteria and  blue-green algae at the lowest stage of 
organization. It is evident that the groups besides, during their 
evolution, have parted . The sam e applies to the algae, am ong 
which form s of low organization w ithin several series indicate 
a com m on origin, w ithout our daring otherw ise to attem pt giving

R an . Biol. M edd. 18 , no. 13. 3
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a detailed account of the affinity. A com m on origin of blue- 
green algae and  bacteria  thus is still very probable . On the other 
h an d  we are on unsafe ground in attem pts at finding out w hether 
blue-green algae or bacteria are the oldest form s. According to 
Stanier & Van N ike the Chroococcales m ay be supposed  to have 
developed from the Eubacteriales, as they, w ith O parin (1938), 
are of opinion lhat there w as a chem ical synthesis of organic 
substance on the earth  before the first organism s show ed signs 
of life. These, therefore, m ight be heterotrophic. T his view is 
inconsistent with experiences from the other parts o f the vegetable 
kingdom , w here colourless form s m ust always be derived from  
form s containing chlorophyll. V an N iel has h im self later (1944) 
in his d iscussion of the Pseudomonadales found it necessary to 
regard the photosynthetic form s as progenitors of the n o n 
photosynthetic forms. If, therefore, the blue-green algae are to 
be derived from  the bacteria, it m ust be from such as are m or
phologically of low standing and  w hich likewise are photosyn- 
thetic. Here the group of interest would seem to be the Chloro- 
bacteriales, w hich consist of im m otile cocci (Cblorobiiun, cf. 
N adson 1912) or rods, which m ay som etim es assum e coccoid 
form s (B ö en hr 1949a) and  w hich therefore possibly consist of 
chains of undivided coccoid units (cf. above p. 5).

4’he genera Beggiaton an d  Oscillatoria have the sam e structure 
of cells and the sam e type of motility. Both Stanier  & Van N iel 
and  P ringsheim are of opinion that they are related and  the 
Beggintoaceae therefore can be app rehended  as apochlorotic 
colourless blue-green algae. T hey belong to an o rder w hich 1 
propose to term  Oscillatoriales and which in regard  to height of 
organization (absence of heterocysts) is below the other groups 
often classed together as “ Hormogonnles” . These m ay suitably be 
term ed Nostocales (including all form s bearing heterocysts and 
w ith false ram ification; cf. p. 2(>) and Stigonemales (m ostly form s 
bearing heterocysts and  with ram ification by tu rn ing  of po larity ; 
cf. pp. 24—26).

T he Pleurocapsales are peculiar by having plagiotropic filam ents 
from  w hich b ranches m ay be given out laterally, upw ards and 
dow nw ards (i. e. into the substratum ). Conditions m ay rem ind 
of p lu ripo lar ram ification and syntagm ation, bu t to all ap 
pearance the ram ification is of the sam e type as in the Stigonemales
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STIGOXEMALES
(multicellular, ramified, homo-hetcropolar, 

with vegetative differentiation of cells 
(hclerocysts))

NOSTOCALES
(multicellular, falsely ramified, homo- 

heteropolar, with vegetative differentiation 
of cells (heterocysts))

+  Heterocysts

Diagrammatic representation of the phylogeny of the C y a n o p h y c e a e  according 
to the theory advanced by the present writer.

3*
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and  is due to a tu rning of polarity, w hich in addition seems 
capable of taking place in any direction, thus a structure greatly 
rem inding of shifting hom opolarity . Because of the sim ilarity  as 
regards ram ification, the Stigonenmles m ay be supposed to have 
been derived from  form s from  w hich the Pleurocapsales, too, 
originated. Only after the two groups had  parted , form s with 
heterocysts arose, and  then one b ran ch  specialized on false ram i
fication while another retained  ram ification by turn ing  of polarity. 
The strange Fischerellopsis (F ritsch 1932) has both false ra m i
fication and  Stigonemcdes ram ification.

In m y previous p ap e r (1949 a) I pointed out the possibility 
of deriving the Oscillatoriales from  the Chroococcales through the 
m edium  of such genera as Sgnechococcus, Sgnechocystis, and 
Pseudanabaena. F ritsch (1945, p. 859) entertains a sim ilar idea 
w hen w riting: “ from  the prim itive coccoid type, there m ay have 
originated an extinct series of m ulticellular forms, one b ranch  of 
w hich led to the Oscillatoriaceae, while another, after the evolution 
of the heterocyst, gave rise to the other three fam ilies of Nosto- 
c a l e s This point of view is the direct opposite of that of Geitler 
(1925), who is of opinion th a t the Oscillatoriaceae is the most 
advanced  group am ong the Hormogonales. L ike F ritsch I go in 
for the abandonm en t of the nam e of Hormogonales an d  instead 
operate w ith Nostocales, Stigonemales (proposed  by F ritsch), and  
Oscillatoriales. On p. 35 there is a survey of my theory of the phylo
genetic conditions in the Cyanophyceae.

(II) Algae.
A num ber of instances of the p lacem ent of nuclear au to

trophic thallophytes in the scale of m orphological progression 
have already  been discussed. Some com m ents on phylogenetic 
conditions follow.

Great interest attaches to the occurrence of hom opolar forms. 
W hereas in  anuclear organism s these w ere p redom inan t they 
constitute ra th e r a subord inate  elem ent am ong the nuclear forms. 
In  itself this is not very strange. If un icellu lar flagellate forms, 
as supposed by m any w orkers, form  a num ber of p rim ary  
groups, from  w hich  the m ajority of other groups should be derived, 
then the starting-point is heteropolar.
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Among the great num ber of different groups there are only 
two m ainly hom opolar ones, viz. Conjugatophycecie and  Bacillario- 
phyceae (the d iatom s). F urtherm ore a few red  algae have hom o
polarity  and such a form  as Raphidonema nivale, w hich belongs 
to the Chcietophorales, is clearly hom opolar. The latter species 
can easily be d ispatched, as it is evidently a greatly reduced  type. 
Above, p. 15, plagiotropic hom opolar shoots form ing the basis 
of erect shoots w ere m entioned ju st as occurring am ong the 
Chcietophorales. A type like Raphidonema  can be assum ed to have 
arisen by the loss of such erect shoots. Pleurococcus vulgaris, too, 
is a very prim itive type, w hich can only w ith difficulty be regarded 
as heteropolar, bu t w hich m ay rem ind  of p lants w ith shifting 
hom opolarity . However, its divisions on three planes can easily 
be derived from  form s w ith p lu ripo lar ram ification. This, too, 
is apprehended  as a reduced  form  within the group of Chaeto- 
phorciles (see F ritscii 1935).

Conditions are cpiite different in diatom s and  conjugates. 
These are two groups rich  in species in w hich the hom opolarity  
is nearly  universal. In no place hom opolarity  is m ore beautifully  
dem onstrable than  in Closterium, w here the poles have vacuoles 
with oscillating crystals of gypsum . At the cell division in  Cos- 
marium  we see som ething corresponding to the division of a 
detached cell in Pseudanabaena (fig. 1). Between the two a-poles 
in Cosmarium  there is a “ b-pole” , w hich, however, is not retained, 
because the cells are separated  by the division. The b-pole is at 
once changed into two new  a-poles in the new  halves of the 
two cells detached from  each other. But in the Zygnemaceae 
there is a developm ent of filam ents com posed of cells which 
mostly are hom opolar and  not attached. T here is, however, an 
interesting progression to be observed here. The Zygnem a  cell 
with its two stellate chrom atophores is clearly hom opolar and 
accordingly the cell p roduced  by the germ ination of the zygote 
is also hom opolar (see Kurssanow  1912). Spirogyra has spirally 
p laced ribbons of chrom atophores runn ing  from  one end of the 
cell to the other. The cell here is not clearly hom opolar, and  at 
the germ ination of the zygote it appears (see e. g. T rondle  1911)  
that there is a difference between the two ends of the cell, the 
rea r end being colourless and  rhizoid-like. In the genus Spirogyra 
we ju st find attached form s (S. adnata, S. fhwiatilis) w ith a basal
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cell equipped  especially for attachm ent. Here heteropolarity  has 
developed w ithin an  otherw ise hom opolar group.

A part from  conditions of polarity  in a cytological respect the 
Conjugatophyceae are m ore highly organized than  the hom opolar 
blue-green algae. And the cells of the Bacillariophyceae seem 
still m ore com plicated. Both conjugates and  diatom s, therefore, 
are highly organized hom opolar groups. They are no doubt final 
stages in two otherw ise separate evolutionary series beginning 
w ith sim ple hom opolar form s1. T he Mesotaeniaceae are m ore 
closely related to these unknow n prim itive form s than  the other 
groups of Conjugatophyceae.

By their hom opolar organization together w ith m any other 
properties both the Conjugatophyceae an d  the Bacillariophyceae 
hold a very isolated position am ong the nuclear plants. I see bu t 
a slight possibility of finding a transition  to the heteropolar forms, 
w here the flagellate cell type is com pletely prevalent. Even if 
Spirogyra reaches heteropolarity, this avails little as it form s no 
sw arm ers and  has neither llagella nor eye-spots. T he facts ad 
duced e. g. by F kitsch (1935 p. 361) in favour of a connexion 
with the other green algae carry  little conviction. He derives a 
sideways fusion of two im m otile or am oeboid, m ostly hom opolar 
gam ete cells from  a fusion of two a-poles in two heteropolar 
flagellated gametes, which seems ra th e r artificial. He m entions 
that also in the Chlorococcales there is absence of motile rep ro 
ductive stages, bu t in this group p lan ts w ithout motile stages 
obviously are due to reduction of forms with m otile stages, and 
there is no indication of such a process of reduction in the Con
jugatophyceae. In another m odern m anual, Smith (1938), it is 
attem pted to derive the Conjugatophyceae either from  the Vol- 
vocales or the Tetrasporales, thus from  pronounced  heteropolar 
form s. T his is no doubt done on the basis of the view that "the 
evolutionary possibilities along the tetrasporine line are infinite. 
A tendency for the vegetative cells to becom e non-flagellated but 
to re tu rn  directly to the m otile condition is found in the tem-

1 Having finished this paper I received the very interesting paper on 
radiation of desmids by T e il in g  (1 9 5 0 ). According to this author it is possible 
among the desmids to distinguish between several types of radiation (that structural 
element which is decisive in the shape of the desmids according to their vertical 
symmetry-planes) and these types seem to form a regressive series. Finally T e i l in g  
uses the radiation types or steps as a basis for a phylogenetical survey of the 
desmids.
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porary  Palmella stages of m any  unicellu lar Voluocales.” But w hen 
an alga enters a Palmella stage an d  loses its motility, it does not 
at the sam e tim e becom e hom opolar.

A possibility of finding a transition  between the Conjugato- 
phyceae and  the other green algae is no doubt to be sought in 
possible hom opolar ancestors of the latter group. But even in 
Hormidium, w hich in m any  respects seems prim itive as its fila
m ents m ay come to sm all pieces w hich are apparen tly  hom o- 
polar, there are biciliate heteropolar zoospores and  gametes. 
T hus there are no form s now living w hich fulfil the conditions 
as connecting links between the Conjugatophyceae and  the Chloro- 
phyceae, and  hence it is p resum ably  most na tu ra l to regard  the 
Conjugatophyceae as an independent group. Thus I do not su b 
scribe to the view of all the presen t-day  phycologists w hich 
according to Smith have abandoned  the form er practice of 
placing the Conjugatophyceae in a special subclass. W e shall 
p robab ly  go right back to a hom opolar, unicellu lar, nuclear 
organism , som ething like a prim itive Mesotaeniacea, before ob
taining a connexion between the Conjugatophyceae and  the 
Chlorophyceae.

A sim ilar taxonom ic position is held by the diatom s. Pascher 
(1921) has advocated the view that the diatom s should  belong 
to a division of “C hrysophyta”, am ong w hich also the Xantho- 
phyceae ( Heterocontae) and Chrysophyceae should be classed. The 
chief correspondences are in the brow n colours in the chrom ato- 
phores and  the occurrence of fat oils and  not starch as assim ilation 
product. The m ajority  of Xanthophyceae an d  all Chrysophyceae, 
however, are heteropolar, w hereas the diatom s are hom opolar. 
A possible connexion between the groups, therefore, m ust be 
through the hom opolar Xanthophyceae. A genus like Centritractus 
set up  by L emmermann, the cell wall of w hich is com posed of 
two sim ilar halves and  w hich has no flagellated stages, m ight very 
well be related to the form s from  w hich partly  the Xanthophyceae 
and  Chrysophyceae, partly  the Bacillariophyceae originated.

W hereas the brow n algae p robab ly  originate from  unknow n 
brow n flagellate-like algae, things are quite different as regards 
the red  algae, in w hich flagella are com pletely absent. The red 
algae on the w hole are heteropolar, bu t it is an interesting fact 
that w ithin the prim itive group of the Bangiales there are uni-



40 Nr. 13

to bicellu lar, clearly hom opolar form s ( Porphyridium cruentum  
and  Chroothece), a few of w hich ( Cliroothece m obilis; see Pascher 
& P etrova 1931) can move by secreting mucilage, particu larly  
at the poles. T he apical attachm ent filam ents found both in 
Kyliniella, w hich belongs to the Bangiales, and  in floridean forms 
like Spermothamnion repens and  Trailliella intricatn  is p robab ly  a 
charac ter pointing to hom opolar ancestors.

Particu larly  Kylin (1930, 1943) has advanced the view that 
the red  algae should  be descended from  blue-green algae; but 
this view has been opposed by Geitler  (1944) and  has not 
been accepted by F ritsch, either. Reference has especially been 
m ade to the m ore highly organized cell structure of the red  algae 
(cell nucleus, chrom atophores). The sim ilarity  between the most 
highly organized blue-green algae and  certain prim itive red  algae, 
such as e. g. Goniotriehum  (see Rosenvinge 1909, p. 76), how 
ever, is very great. A part from  the cell nucleus and  the ch ro m a
tophores in  the latter, they belong to the sam e stage of progression. 
As an  im portan t addition to the points of resem blance adduced 
by Kylin between Cyanophyceae and  Rhodophyceae now comes 
the hom opolarity  w hich occurs both in Stigonemales and  in 
Bangiales, while the fact that the Cryptophyceae are m arkedly  
heteropolar w eakens Geitler ’s theory of a re la tionsh ip  between 
these and  the red  algae. Rut the finding of m issing links in the 
form  of a Cyanophycea w ith cell nucleus or a red alga with a 
prim itive chrom atin  appara tus or a Stigonemacea w ith incipient 
division of the chrom oplasm  into chrom atophores will be neces
sary to form  a secure basis of the theory of an evolution from 
blue-green algae to the red  algae. S pearing’s cytological inves
tigations (1937) of Stigonema mamillosum  would seem to indicate 
that in this species there are certain  signs of nucleus form ation, 
as e. g. nucleolus-like bodies and  a system of chrom atin ic filam ents 
rem inding of a prophase in  a typically  nuclear p lan t have been 
found there. It will be a very im portan t task for cytology thoroughly 
to com pare the Cyanophyceae and the m ost prim itive red algae. 
A bridge m ade between the Monera and  the other p lants will 
open up  considerable new vistas, for if typical cell nuclei can 
have been form ed by evolution from  the chrom atin  apparatus in 
a Monera type in one place, this m ay have happened  in other 
places, too, and  the bridge will also give evolution a possibility
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of following the series of progression in  quite another w ay 
than  m ay be done w hen the nuclear or anuclear organism s are 
considered apart, and  this, of course, seems very pleasant, as 
the assum ption of several separate  series of living organism s, 
several “ creations” is a hypothesis of little probability . Co pe
land (1938, fig. 8), too, assum es the nuclear organism s to have 
developed from  anuclear ones.

If it proves possible to derive the red  algae from  the blue- 
green algae, the brow n algae will com e to hold a com paratively 
m ore isolated position, for the m ost prim itive am ong these 
are already  at Stage 5. The absence of Stages 3 an d  4 prevent 
a contact w ith the flagellates.

The stoneworts ( Chcirales) also hold an  isolated position, bu t 
here, at any ra te as far as m orphological conditions are con
cerned, a connecting link with the other green algae has been 
found. The genus Draparnaldiopsis found by Smith & Klyver 
(1929) and  later by Bharadwaja (1933) and  belonging to the 
Chaetophorales, as com pared  w ith the other form s of this order 
signifies a fu rther advance. Here are the long axes com posed of 
alternating long in ternodal and  short nodal cells, and  the branches 
are form ed only on the short cells and  arise from  their m edian 
region. The laterals m ay develop into rh izoid-like fdam ents, 
w hich som etimes form  a dense cortical covering around  the m ain 
axis. Viewed from  the stages of progression included in the order, 
the Chaetophorales seem to hold a very im portan t position. It is 
here the p lu rip o lar structure appears, and  fu rtherm ore there is 
in respect of the differentiation of the m ain  axes a progression 
rem inding of that m entioned in connexion with the brow n algae 
(uniseriate, prim itive form s—Sphacelaria— Cladostephus). The 
Chaetophorales show a clear phylogenetic connexion w ith the 
Ulotrichales, w hich are at a lower stage of progression, and  with 
Draparnaldiopsis as connecting link  there is a possibility of a 
distant relationship  with the Chorales, w hich include higher stages 
of progression. Finally, perhaps w ith a starting-point in Coleo- 
chaete, there is a possibility of relationship  with the form s of 
green algae w hich m ust have existed and  w hich form ed the basis 
of the most prim itive archegoniates.



Concluding Remarks.
T he concept of m orphological progression is here first kept 

distinct from  the concept of evolution, then used for a critical 
app raisa l of certain  phylogenetic trends. An unravelm ent of the 
relation between m orphological progression and  evolution seems 
urgent. In w orks dealing w ith evolution, e. g. H uxley (1945), 
the concept of evolutionary progress is m entioned. In the anim al 
w orld  this ends w ith m an, and  m any biologists, am ong them  
H aldane (1932), call attention to the fact th a t w hen speaking of 
evolutionary progress “we are already  leaving the relatively firm  
ground of scientific objectivity for the shifting m orass of hum an  
values” . No organism  is “ h igh” or “ low” , for they are all results 
of an  evolution and  are to an equally  high degree adap ted  to the 
su rround ing  nature . H uxley opposes this view and  is of opinion 
th a t evolutionary progress can be defined and studied on an 
objective basis. To him  evolutionary progress consists in “ a 
raising of the u pper level of biological efficiency, this being 
defined as increased control over and  independence of the 
environm ent, . . . progress is all-round  biological im prove
m ent” . It is very p robab le  that the m orphological progression 
represents a biological im provem ent. In m any cases, however, 
it is difficult objectively to define the im provem ent; no r is it 
easy to find criteria of increased  control over the environm ent. 
Add to this that the w ord improvement does not exactly tally 
w ith the fact that all organism s—including the extinct ones—are 
or w ere to an  equally  high degree adapted  to the environm ents. 
In  the face of these facts m orphological progression seems to 
hold  a strong position in  respect of objectivity. The concept can 
be kept clear of the concept of evolution, and  the m aterial u n d e r
lying it can be studied on an exact basis. It m ust be adm itted 
th a t m y investigations of the stages of progression are bu t intro-
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ductory  an d  th a t fu ture investigations no doubt will m odify 
m any details and  perhaps result in a subdivision of the stages 
into m ore stages; bu t this does not alter the fact that m oi- 
phological progression can  be studied objectively and used for 
an app ra isa l of phylogenetic theories. It seems evident that the 
w orld of p lants as a whole has passed through the w hole series 
of progression, bu t that the single trend  in som e respects m ay 
have developed progressively, in others regressively. The species 
of Rafflesia have a very highly organized flower, but their vege
tative, m yceloid body by regressive developm ent has d ropped  
far down in the progressive series of stages.

A progressive developm ent accordingly becom es a rise in 
respect of m orphological com plication continued through the 
history of the w orld. As beh ind  greater com plication of the ex
terna l form s there is a corresponding greater com plication of 
conditions of polarity  (the m orphological differentiation as a 
physiological process), it is evident that our eye m ust be directed 
tow ards the results to be obtained from  grow th-substance research 
as regards m orphological differentiation. F urtherm ore it will 
natu ra lly  be directed tow ards such m utations as are capable of 
surviving (ecologically possible) and  at the sam e tim e result in  
a greater com plication of the structure of the plants. Behind each 
stage in the progressive scale there are one or m ore m utations, 
w hich change the cells and  p lants as a w hole so that the structure 
gets m ore com plicated; but even if perhaps som e m utations 
have been necessary for the developm ent of each of the ten 
stages m entioned in the m ain series, it seems th a t the progression 
in itself is due to com paratively  few, but then very im portan t, 
m utations. Only an  infinitesim al num ber of the m utations taking 
place result in types capable of surviving and , particu larly , of 
com petition, and  an even sm aller n um ber of the m utations result 
in m orphological progression. The nearly  countless n um ber of 
variations displayed by the species in the w orld of p lants put 
together, therefore are p resum ably  in the first place due to no n 
progressive m utations. It seems as if the progression diags along, 
w hereas the form ation of species and  the ecological specialization 
is fast.

The progression in respect of the structure of the reproductive 
organs seems closely connected with the vegetative progiession,
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these organs, however, as a ru le being som ew hat m ore com 
plicated than  the vegetative ones in the sam e organism . We 
should here speak of reproductive organs, not of sexual organs, 
since the latter, as in the corm ophytes, m ay undergo a considerable 
regressive developm ent. It is the aggregate reproduction  appara tus 
of the p lants w hich is developed progressively. W ithin the group 
of corm ophytes we see how the organs of reduction  division 
develop slowly, bu t progressively, gradually  taking over the 
function of the sexual organs. Exactly because reproductive 
organs follow the slow progression, they seem conservative and  
hom ogeneous as com pared  with the vegetative organs. They are 
rigid, w hereas the vegetative organs are plastic, and  hence they 
are the fixed data  to w hich taxonom ists an d  phvlogeneticists m ust 
cling in the rough sea of vegetative variation.

I his can also be illustrated  through the fairly  num erous 
available studies of race biology. Such a species as Prunella vul
garis e. g. in respect of vegetative developm ent can be extrem ely 
heterogeneous. It consists of races w hich are cushion plants, 
repent, erect, annual, biennial, perennial, etc.; but in floral 
charac ters it varies little (cf. B ocher 1949b). An annua l and  
a perenn ial race belong to two different life form s. W e see that 
the ecological race, the ecotype, as it has been term ed by T u r es- 
sox, is a fo rerunner of the life form . W idely different groups of 
p lants in respect of vegetative characters are plastic, and  by con
vergent developm ent produce a num ber of life form s correspond
ing to certain  external conditions; but this developm ent does 
not affect the floral characters. Such a group as the Leguminosae 
has developed trees, shrubs, d w arf shrubs, and  annua l and 
p eienn ia l herbs. I his developm ent is a fast-going, ecologically 
stam ped evolution, w hereas the developm ent by w hich the Leg
uminosae arose from 7?os«/es-like ancestors is a slow progressive 
or phylogenetic trend .

Out of consideration to the clearness of the discussion, we 
shall finally for a m om ent distinguish betw een the m utations 
producing new  progressive stages from  these w hich m ainly  takes 
place w ithin the sam e stages and  result in  ecotypes, species, and 
life form s. The latter appear in great num bers of sm all hered itary  
changes w hich in som e cases do not result in a subdivision into 
races, bu t in the appearance of nearly  continuous character-
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gradients or d in es . The form er, the progressive m utations are 
very little know n. If they are of the sam e order of m agnitude as 
the others, they will easily escape observation as the appearance 
of the progressive stage to w hich they w ere to contribute probab ly  
extends over a considerable period. The chance of coming across 
them  therefore is sm all, and  as they represen t sm all deviations 
from  the norm , only, they will be difficult to discover. However, 
it is not certain  at all that they are alw ays sm all. The undoubtedly  
ra re  m utants capable of living and  com peting w hich include 
several genes, perhaps are of the greatest im portance exactly for 
the progressive evolution1. W ithin  the an im al kingdom  there 
has been a developm ent from  an earth -bound  existence to a 
flying life in insects, reptiles, an d  m am m als. Here already  the 
first m utation m ust have resulted in  a type w hich was capable 
of using its transfo rm ed  lim bs for som ething w hich perhaps was 
not exactly flying, bu t e. g. keeping hovering for a short time, thus 
being able to escape a pursuer. But such a m utation is very com 
prehensive. As an instance of great deviation (p robab ly  a m u ta
tion) of a progressive type I m ay m ention a strange Myosotis 
p lan t w hich som e years ago I found am ong h u ndreds of norm al 
p lants in  a garden  (fig. 8). U nfortunately  it was not fertile, but 
it w as very interesting by showing vegetative as well as floral 
progression. The flowers w ere 8—10-m erous and  in the vegetative 
parts  an  um belliform  inflorescence w ith form ation of involucres, 
i. e. a developm ent indicating a local process of growth inhibition 
sim ilar to th a t m entioned in the chapter on axillary concatenation 
(p. 22) and  in the b rief section on the inflorescence in Com- 
positae (p. 24).

But even though there m ay be quantitative differences in 
respect of the m utations w hich give rise to the two form s of 
evolution, the adaptive and  the progressive evolution, it is evident 
th a t this is not a case of quite different things. Conditions in the 
algae seem particu larly  suitable to illustrate this. F r it sc h  (1935, 
pp. 26—27) has some interesting surveys of parallelism  in evo-

1 Recently G o l d s c h m i d t  (1948) has advanced views which on some points 
are in agreement with mine. He does not think that small mutations, selection, 
and isolation result in anything but ecotypes, whereas macromutations are needed 
to produce species. G o l d s c h m i d t  writes: “Major systematic differences and 
adaptions can only originate in single major steps which establish at once the main 
features of the new organizational and physiological pattern.”
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lution in the algae. His types of construction (e. g. “ heterotrichous 
filam ent” , “ crust or cush ions” , “ m ultiaxial com pact type” ) are 
a k ind of life forms. \ \  e have heterotrichous filam ents e. g. in 
Stigeoclonium, Ectocarpus, and  Chantransia, crusts or cushions 
in e .g . Pleurocapsa, Pseudopringsheimia, Ralfsia, and  Hildenbrcindia, 
the central axial type is realized  in Batrachospermiim. and 
Draparnaldiopsis, etc. The crust-cushion type is no doubt a good 
life-form  as it is specialized for epiphytic or epilithic life, and  we 
see that the most different groups of algae convergently have 
reached  this life form. However, this type is also of a very high 
progressive significance as a prostrate growth is a condition of 
rad ia l polarity  (p . 13) and  of the form ation of a larger a ttach
m ent disc w hich enables growth of larger algal bodies (p . 18). 
The “ fountain  type” , too, is a k ind of life form  w hich is found 
realized both in red  and  brow n algae, and  w hich is approxim ately  
reached  by the Rivulariaceae. Coenocytic green algae like Codium 
as well belong to this type, and  furtherm ore we m ust assum e that 
cellu lar unknow n green algae have reached  this life form ; but 
only in the last-m entioned case the fountain  type becam e of 
fundam ental im portance for evolution as the algae in question 
becam e the first stages of the scale of progression which was 
later continued in the corm ophytes. These instances show that 
progressive developm ent in m any cases—perhaps alw ays—coin
cides w ith adaptive developm ent, and  indeed it is evident that 
the progressive m utations m ust also be ecologically im portant. 
For reasons of selection it cannot be otherw ise. If they were not 
ecologically w ell-equipped, they w ould perish.

As a m ain result it m ay be stated that the m ajority  of m utations 
capab le of surviving are not progressive; they do not result in 
new stages. As for the vegetative parts the non-progressive evolution 
results in the form ation of a great num ber of ecotypes and  species 
an d  in the long ru n —life form s, w hich give the species and  
groups of p lants a possibility of living in different environm ents. 
Few of the vegetative, ecologically im portan t m utations are also 
progressive, resulting in new stages or parts of them . As for the 
reproductive organs, e. g. the flowers, great num bers of varieties 
w ith different colours and  sizes of the flowers, properties of 
fragrance, etc., corresponding to the ecotypes will develop in 
the non-progressive evolution and  give the species a possibility
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Fig. 8. Above, on the right, normal garden variety of M y o s o t i s  s i l v á t i c a ,  on the 
left greatly deviating plant with umbelliform cluster of the helicoid cymes and 

8—10-merous flowers. Below, the same seen from above. TWB. phot. 1934.
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of m anaging i. a. u n d er different conditions of pollination. But 
very few m utations are also progressive, leading to reproductive 
organs of a m ore com plicated structure. As these m utations are 
also im portan t from  the point of view of floral biology (ecologic
ally), the result will be that at each stage of progression an 
advantage is obtained from  the point of view of floral biologv. 
Therefore we find sim ultaneously with the m orphological p ro 
gression in the reproductive organs of the p lants an increasing 
degree of care for the em bryos culm inating in epigynous form s 
in the angiosperm s.



L ite ra tu r e .

B er th o l d , G. 1878. Untersuchungen über die Verzweigung einiger 
Süsswasseralgen. — Nova acta Leopold. Carol. Acad. Halle 40. 

B h a r a d w a j a , Y. 1933. A new species of Draparnaldiopsis (Drapar- 
naldiopsis indica). — New Phytologist 32.

B loch, R. 1946. Differentiation and pattern in Monstera deliciosa. The 
idioblastic development of the trichosclereids in the air root. — 
Amer. Journ. Bot. 33.

B ocher , T. W. 1949 a. Studies on the sapropelic flora of the lake Flyn- 
derso with special reference to the Oscillatoriaceae. — Dan. Biol. 
Medd. 21, no. 1.

— 1949b. Racial divergences in Prunella vulgaris in relation to habitat 
and climate. — New Phytologist 48.
1950. Structure and biology of four species of the Stigonemataceae 
from a shallow" pool at Ivigtut. — Meddelelser om Grönland 147, 
No. 5.

B ö r g ese n , F. 1943. Some marine algae from Mauritius III. Rhodo- 
phyceae, Part 2 Gelidiales, Cryptonemiales, Gigartinales. — Dan. 
Biol. Medd. 19, no. 1.

B ü n n i n g , E. & Sag ro m sk y , H. 1948. Die Bildung des Spaltöffnungs
musters in der Blattepidermis. — Zeitschr. f. Naturforsch. 3 b. 

Ca n n a b a e u s , L. 1929. Über die Heterocysten und Gasvakuolen der 
Blaualgen. -— Pflanzenforschung 13.

Co p e l a n d , H. 1938. The kingdoms of organisms. —  The Quarterly 
Review of Biology 13, No. 4.

F a l k e n b e r g , P. 1901. Die Rhodomelaceen des Golfes von Neapel. 
Berlin.

F ritsch , F. E. 1932. Contributions to our knowledge of British Algae. 
— Journ. of Bot. 70.

— 1935 and 1945. The structure and reproduction of the Algae. 
Vol. 1 (1935), Yol. 2 (1945). Cambridge.

Ge it l e r , L. 1925. Synoptische Darstellung der Cyanophyceen in mor
phologischer und systematischer Hinsicht. — B.B.C. II, 41.

— 1936. Schizophyzeen. — Handb. d. Pflanzenanat. II, 6, No. 1.
- 1944. Die angebliche stammesgeschichtliche Verwandtschaft von 

Cyanophyceen und Rhodophyceen. — Wiener Bot. Zeitschr. 93. 
Goldschmidt , R. B. 1948. Ecotype, ecospecies and macroevolution. —  

Experientia 4.
Dan. Biol. Medd. 18, no. 13. 4



50 Nr. 13

H aldane, J. B. S. 1932. The causes of evolution. London.
H ac k e l , E. 1866. Generelle Morphologie der Organismen. Berlin.
H eitz , E. 1940. Die Polarität keimender Moossporen. — Yerhdl. 

Schweizer. Naturf. Ges. (pp. 168—170).
— 1942. Die keimende Funaria-Spore als physiologisches Versuchs

objekt. — Ber. d. Deutsch. Bot. Ges. 60.
H u x l e y , J. 1945. Evolution, the modern synthesis. London.
In o h , S. 1935. Embryological studies on Pelvetia Wrightii and Fucus 

evanescens. — Journ. Fac. Sc. Hokkaido Imp. Lmiv. V, 5.
K o s t r u n , G. 1944. Entwicklung der Keimlinge und Polaritätsverhalten 

bei Chlorophyceen. — Wiener Bot. Zeitschr. 93.
K u c k u c k , P. 1929. Fragmente einer Monographie der Phaeosporeen. — 

Wiss. Meeresunters. Helgoland N. F. 17, No. 4.
K u r s s a n o w , L. 1912. Ueber Befruchtung, Reifung und Keimung bei 

Zvgnema. — Flora 104.
Iy y l i n , H. 1930. Some physiological remarks on the relationship of the 

Bangiales. — Bot. Notiser 1930.
— 1943. Verwandtschaftliche Beziehungen zwischen Gyanophyceen 

und Rhodophyceen. — Kungl. Fys. Sällsk. Lund. Förhdl. 13.
L o w ran ce , E. W. 1937. Effect of temperature gradients upon polarity 

in eggs of Fucus furcatus. — Journ. Cell, and Comp. Physiol. 10.
Mo seb ach , G. 1943. Über die Polarisierung der Equisetum-Spore durch 

das Licht. — Planta 33.
N a d s o n , G. A. 1912. Mikrobiologische Studien 1. Chlorobium limicola. 

— Bull. Jard. Imp. Bot. de St. Pétersb. 12.
N e u g n o t , D. 1950. Contribution ä l’étude cytochimique des Cyano- 

phycées par application des techniques de mise en évidence de 
l’appareil nucleaire chez les Bactéries. — Comptes rendus des 
séances de l’Acad. des Se. 230.

Op a r i n , A. I. 1938. The origin of Life. New York.
Olt m a n n s , F. 1922—23. Morphologie und Biologie der Algen. Jena.
P as c h e r , A. 1921. Über die Übereinstimmung zwischen den Diatomeen, 

Heterokonten und Chrysomonaden. — Ber. d. Deutsch. Bot. Ges. 39.
— 1929. Über die Teilungsvorgänge bei einer neuen Blaualge: Endó

nenla. — Jahrb. wiss. Bot. 70.
— 1931. Systematische Übersicht über die mit Flagellaten in Zusam

menhang stehenden Algenreihen und Versuch einer Einreihung 
dieser Algenstämme in die Stämme des Pflanzenreiches. — B.B.C. 
II 48.

P a s c h er , A. & P etrova , J. 1931. Über Porenapparate und Bewegung 
bei einer neuen Bangiale (Chroothece mobilis). — Archiv f. Protis- 
tenkd. 74.

P r in g sh e im , E. G. 1949. The relationship between Bacteria and Myxo- 
phyceae. — Bact. Rev. 13.

R o b in o w , C. F. 1947. Nuclear apparatus and cell structure of rod
sh a p ed  B a c ter ia . A d d e n d u m  in  D u b o s : T h e  b a c ter ia i ce ll. C am 
bridge Mass.



Nr. 13 51

R osen  v i n g e , L. K. 1888. Undersøgelser over ydre Faktorers Indflydelse 
paa Organdannelsen hos Planterne. Kbhvn.

— 1909—31. The marine algae of Denmark. I. Rhodophyceae. — 
Dan. Vid. Selsk., Skr., nat.-mat. afd. 7. rk. 7, nos. 1—4.

Sa u v a g e a u , C. 1900—1904. 1914. Remarques sur les Sphacélariacées. 
— Journ. de Rot. 14—18 (fase. 1—2). Fase. 3. Rordeaux 1914.

— 1900. Sur les pousses indéfinies dressées du Cladostephus verticil- 
latus. — Act. Soc. Linn. Bordeaux 61.

S m ith , G. M. 1938. Cryptogamie Botany I. New York & London.
S m ith , G. M. & K l y v e r , F. D. 1929. Draparnaldiopsis, a new member 

of the algal family Chaetophoraceae. — Trans. Amer. Mier. Soc. 48.
ScHussNiG, B. 1938. Vergleichende Morphologie der niederen Pflanzen. 

Berlin.
S pe a r in g , J. K. 1937. Cytological studies of the Myxophyceae. — Arch, 

f. Protistenkd. 89.
St a n i e r , R.Y. & Va n  N ie l , C. B. 1941. The main outlines of Bacterial 

classification. — Journ. of Bact. 42.
T e il in g , E. 1950. Radiation of desmids, its origin and its consequences 

as regards taxonomy and nomenclature. — Bot. Notiser 1950.
T r o n d l e , A. 1907. Über die Kopulation und Keimung von Spirogvra. —  

Bot. Zeitung 1907, 187—216.
T u r e ss o n , G. 1922. The genotypical response of the plant species to 

the habitat. — Hereditas 3.
V an  N iel , C. B. 1944. The culture, general physiology, morphology, 

and classification of the non-sulphur purple and brown bacteria. — 
Bact. Rev. 8.

W h it a k e r , D. M. 1940. Ultraviolet light and the development of Fucus 
eggs as affected by auxin and pH. —- Biol. Bull. 82.

W h it a k er , D. M. & B erg , W. E. 1944. The development of Fucus 
eggs in concentration gradients. -— Biol. Bull. 86.

Z im m e rm a nn , W. 1930. Die Phylogenie der Pflanzen. Jena.
— 1930. Der Baum in seinem phylogenetischen Werden. — Ber. d. 

Deutschen Bot. Ges. 48.

Indleveret til selskabet den I. septem ber 19150, 
Kærdig fra trykkeriet den 10. ap ril 1951.





Det Kongelige Danske Videnskabernes Selskab
Biologiske M eddelelser 

(Dan. Biol. Medd.)

Bind 18
(uafsluttet I en cours de publication)

1. Bohr, Hans H.: Measurement of the Blood Volume by Means kr- 0-
of Blood Corpuscles Labelled with P32. 1950 ................. „.......  2.00

2. Larsen, Poul: The Aspects of Polyploidy in the Genus Sola
num. II. Production of dry Matter, Rate of Photosynthesis 
and Respiration, and Development of Leaf Area in some Di
ploid, Autotetraploid and Amphidiploid Solanums. 1943 . . . .  4.50

3. Westergaard, M.: The Aspects of Polyploidy in the Genus
Solanum. III. Seed Production in Autopolyploid and Allo
polyploid Solanums. 1948 ................................................................  2.00

4. Hagerup, O.: Thrips Pollination in Calluna. 1950.....................  1.50
5. Hagerup, O.: Rain-Pollination. 1950....................... ,-rr,................... 1.50
6. Jensen, P. Boysen: En Metodik til Undersøgelse af Landbrugs

planternes Vandøkonomi og Stofproduktion. Mit deutscher 
Zusammenfassung. 1950.....................................................................  3.00

7. Jensen, P. Boysen: Investigations on the Growth and Diffe
rentiation of Tobacco Tissue Cultures in Vitro. 1950 ............ 1.50

8. Børgesen, F.: Vaughaniella. A New Genus of the Dictyotaceae.
1950 .........................................................................................................  1.00

9. Christiansen, H.: A Tetraploid Larix Decidua Miller. 1950... 1.50
10. Jensen, P. Boysen: Untersuchungen über Determination und

Differenzierung. 1. Über den Nachweis der Zellulosenbildner 
und über das Vorkommen und die Lage derselben in Wur
zelhaaren und Trichoblasten. 1950................................................  1.50

11. Børgesen, F.: Some Marine Algae from Mauritius. Additions
to the Parts Previously Published. II. 1950................................ 5.00

12. Grøntved, Jul.: Phytoplankton Studies. 1. Nitzschia Frigida
Grun., an Arctic-Inner-Baltic Diatom Found in Danish Waters.
1950 .........................................................................................................  2.00

13. Bocher, Tyge W.: Studies on Morphological Progression and
Evolution in the Vegetable Kingdom. 1951................................ 4.00

Bind 20 (kr. 56.00)
1. Petersen, Johs. Boye: Algae Collected by Eric Hultén on

the Swedish Kamtchatka Expedition 1920—22, especially from 
Hot Springs. 1946 ...............................................................................  8.00

2. Burström, Hans, and Krogh, August: The Biochemistry of
the Development of Buds in Trees and the Bleeding Sap. 1946 2.00

3. Jensen , Ad . S.: Bog og Egern, Bogvikler og Musvitter. With an
English Summary. 1946.....................................................................  3.00



kr. ø.

4. Brøndsted, H. V.: The Existence of a Static, Potential and
Graded Regeneration Field in Planarians. 1946 .......................  3.00

5. Hagerup, O.: Studies on the Empetraceae. 1946.........................  4.00
6. Børgesen, F.: Some Marine Algae from Mauritius. An Addi

tional List of Species to Part I Chlorophyceae. 1946 ............ 6.00
7. Brodersen, Rolf, and Klenow, Hans : Molecular Weight Deter

minations of Biological Substances by means of Diffusion 
Measurements. 1947............. ..............................................................  2.00

8. Bôcher, Tyge W. : Cytogenetic and Biological Studies in Gera
nium Robertianum L. 1947 ...............................................................  3.00

9. Hagerup, O.: The Spontaneous Formation of Haploid, Poly
ploid, and Aneuploid Embryos in some Orchids. 1947.......... 2.00

10. Jørgensen, C. Barker: On the Spicule-Formation of Spongilla
lacustris (L.) and Ephydatia fluviatilis (L.). 2. The Rate of 
Growth of the Spicules. 1947 . : ...................................................... 2.50

11. Holm-Jensen, Ib : Osmotic Regulation in Daphnia magna under
Physiological Conditions and in the Presence of Heavy Metals. 
1 9 4 8 .. . ............................................. ......................... ............................  5.00

12. Børgesen, F.: Some Marine Algae from Mauritius. Additional
Lists to the Chlorophyceae and Phaeophyceae. 1948.............  6.00

13. Jensen, Ad . S.: Chermes abietis Galls and Squirrels. 1948 . . . .  1.50
14. Steenberg, C. M.: Études sur l’anatomie et la systématique du

genre Eremina (Gastéropodes pulmonés). Éditées par G. Man- 
dahl-Barth. 1949 .............   8.00

Bind 21
{uafsluttet I en cours de publication)

1. Bôcher, Tyge W.: Studies on the Sapropelic Flora of the Lake
Flyndersø with Special Reference to the Oscillatoriaceae.
1949......................................   4.00

2. Jensen, P. Boysen: The Production of Matter in Agricultural
Plants and its Limitation. 1949................................................... 2.00

3. Jensen, P. Boysen: Causal Plant-Geography. 1949.......................  2.00
4. Larsen, Ellinor Bro: Activity and Migration of Ptusia Gam

ma L. Studies on the Activity of Insects III. 1949 .................  3.00
5. Børgesen, F.: Some Marine Algae from Mauritius. Additions

to the Parts previously published. 1949....................................... 6.00
6. Jensen, Ad. S., and Volsøe, Helge: A Revision of the Genus

Icelus (Cottidae). With Remarks on the Structure of its Uro
genital Papilla. 1949.......................................................................    3.00

P rin ted  in  D enm ark. 
Bianco Lunos Bogtrykkeri.



Id: 203
Forfatter: Bocher, Tyge W.
Titel: Studies on Morphological Prigression and Evolution in the Vegetable Kingdom.
År: 1951
ISBN:
Serietitel: Biologiske Meddelelser 
Serienr: B 18:13 
SerienrFork: B 
Sprogkode: Eng


