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ABSTRACT: Changes in the flora and vegetation of algae are discussed with regard to the following 
aspects: (1) Changes in the distribution of an individual taxon (new colonizations and extinctions); 
(2) Changes within one group of algae over some decades [examples: desmids of two nature 
reserves between 1925 and 1980, and charophytes in the region of Berlin since 1800)or over longer 
periods of time (for example: analysis of diatom frustules in lake sediments since the glacial periods); 
(3) Changes in the algal flora within a region (for example: the phytoplankton of a small lake in 
Berlin in 1909 in connection with the restoration of this lake by R. Kolkwitz as compared with the 
phytoplankton in 1983, or the attempt to show the development in the algal flora in Berlin (West)by 
a survey of all data available and by planned investigations). - The interpretation of these data often 
proves difficult due to the problems regarding nomenclature, taxonomy and determination as well as 
the discontinuity in research, and the different methods apphed. Finally, the importance of old 
reports and the need for modern research are emphasized. "Red Lists" of algae point to the urgent 
necessity of maintaining as many natural ecosystems as l~ossible. 

I N T R O D U C T I O N  

C h a n g e s  in the  flora a n d  v e g e t a t i o n  of a l g a e  can  occur  con t inuous ly  a n d  v e r y  fast, 

e spec ia l ly  in m i c r o p h y t e s  wi th  thei r  short  s e q u e n c e s  of genera t ion .  In the  p r e s e n t  paper ,  

n e i t h e r  d iu rna l  c h a n g e s  will  b e  d i scussed  (such as p l ank ton  mig ra t i ons  or  m i g r a t i o n s  of 

in te r t ida l  diatoms) nor  s easona l  c h a n g e s  (such as sp r ing  or m i d s u m m e r  a s p e c t s  of a site) 
nor  the  d i f fe rences  in the  o c c u r r e n c e  o f  a l g a e  in a pa r t i cu la r  hab i t a t  o v e r  two  s u b s e q u e n t  

years .  Instead,  the  l o n g - t e r m  c h a n g e s  will  be  d e s c r i b e d  here ,  bo th  those  c a u s e d  na tu ra l ly  
(such as by  the  p h a s e s  of success ion  of a lake) and  those  c a u s e d  mos t ly  b y  man .  This  

s tudy  wil l  focus on  c h a n g e s  in the  flora that  is in the  s p e c t r u m  of spec i e s  i n  a speci f ic  
region,  u n d e r  th ree  d i f fe ren t  aspects .  

C H A N G E S  IN T H E  DISTRIBUTION OF  A SINGLE T A X O N  

C h a n g e s  in t he  d is t r ibut ion  of a taxon,  bo th  ex tens ions  and  r e d u c t i o n s  of areas ,  h a v e  

b e e n  r e c o r d e d  in m a n y  m a r i n e  spec ies  (i.a. see  Boalch,  1987; Jones ,  1974; Lfining,  1985). 
Up to now,  the re  is l i t t le in fo rmat ion  c o n c e r n i n g  f r e shwa te r  species .  

* Dedicated to Dr. Dr. h .c .P .  Kornmann on the occasion of his eightieth birthday. 
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Taxa  are able  to colonize new regions by  migra t ing  step by  step or they  conquer  new 
biotopes  by  overcoming large  distances.  Finds are a lways par t icular ly  s t r ik ing w h e n  they  
are  d iscovered far away  from an original  habita't; e.g. the red  a lga  Cornpsopogon hookeri 
Montagne  in the  r iver  "Erft" w a r m e d  up by  cooling waters  (a t r ibutary  of the  "Rhine" in 
the  wes tern  par t  of Germany;  Priedrich, 1966), and  the b rown a lga  P.ctocarpus confer- 
voides (Roth) Kjel lman in the sa l t -s t ressed river "Werra" (a he a ds t r e a m of the  "Weser"  in 
the wes tern  par t  of Germany;  Geissler,  1983). For the  biologist,  two aspec ts  are  inter-  
esting: 
- How did the species  manage  to arrive at the new site? 
- What  condit ions at the site enab l ed  its colonization? 
Did the species  occupy an ecoIogical  niche, that  was vacant  unti l  then, or d id  it r ep lace  
another  species? 

The above  men t ioned  extensions of areas,  however ,  ar in contrast  with reduct ions  of 
areas,  even going  as far as ext inct ion of the species.  For instance,  the  b rown a lga  
Pleurocladia lacustris A. Braun, a rare species  found in ear l ier  t imes in ex tens ive  waters  
of the North G e r m a n  plain, was  also found in the  surroundings  of Berlin; the  last  proof, 
however ,  dates  back  to 1882. The same appl ies  to the  red  a lga  Thorea ramosissima Bory, 
l iving in slowly flowing, oligo- to mesotrophic  waters ,  which was  last  found  in Berlin in 
1949 (Geissler & Gefloff, 1982). Knowledge  on the distr ibution of many  microphytes  is 
par t icular ly  small  that  one has to ag ree  with Whit ton (1974, p. 134): " A l g a e . . .  might  well  
become  extinct  nat ional ly  without  any  algologist  real iz ing the situation." 

CHANGES WITHIN GROUPS OF ALGAE 

Thorough invest igat ions,  when  avai lable ,  covering longer  per iods  of t ime, revea l  
changes  within a group of a lgae  at a site re la t ing to changes  in its env i ronmenta l  
conditions. So, for instance,  in the a rea  of the "Pechsee" and the  "Barsee",  two nature  
reserves  in the  "Grunewald"  in Berlin (West), the  number  of desmid  taxa  has  dec reased  
by  one fifth since 1925. However ,  not  only the  diversi ty but  also the spec t rum of the 
species  has  c h a n g e d  dur ing this period;  lately, there  have been  21 reoccur rences  of finds 
and  41 losses, bu t  also 23 new finds. As there  has  been  a change  in these  two areas  
especia l ly  in the  quant i ty  and  the quali ty of the wate r  and  consequent ly  in the  p lant  
associations, the  flora of the Desmid iaceae  has c ha nge d  in different  ways  in the  various 
microhabi tats :  whi le  the  quant i ty  of species  l iving on the m u d  surface has  inc reased  
slightly, the quant i ty  of species  l iving on sphagnum-cush ions  has  d e c r e a s e d  more 
distinctly. Moreover ,  our comparisons have  shown that  especia l ly  the rare spec ies  have  
decreased ,  whi le  newly  found taxa can often be  charac te r ized  as f requent  a n d  as having  
wide  ecological  to lerances  (Weddigen  & Geissler,  1980). 

Invest igat ions carr ied out in Switzer land (Werner, 1977) and the Ne the r l ands  (Coesel  
et  al., 1978) r evea led  similar tendencies ,  

Charophyta  are  especia l ly  sui table  for such compara t ive  s tudies  as they  are  often 
wel l  documen ted  in l i terature and in herbar ia .  At  first, a survey of all records  in Berlin 
(West) s eemed  to show a decrease  from 23 to 1 species  (Gutowski,  1984). Here,  a graphic  
me thod  was d e v e l o p e d  represen t ing  the finds of the various taxa  (y-axis) over  the  years  
(x-axis) by  a point,  whe reby  the d i s appea red  species  are l ined up benea th  the  zero l ine 
and  the species  still existing above  the zero line (see Fig. 1). This d i ag ram m a k e s  it clear  
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that in t h i sg roup  of algae the greatest changes had already taken place before 1910, 
w h e n  the city of Berlin had developed into a metropolis and into a centre of industry, in  
1985, a comprehensive exploration at more than 100 potential sites in Berhn (P15ter, 1985) 
revealed that in that year 5 different Chara- and Nitella-species were present  at 13 sites, 
so that the diagram could again be shghfly altered (Fig. 1). Obviously, at least some taxa 
of the Charophyceae are more tolerant ecologically than had been  realized so far. 
Moreover, several species are able to colonize even strongly anthropogenic  sites (such as 
gravel pits, drainage ditches, artificial ponds). 

+ 5 Chara vulgari$ L. 7 Ni te l lopsis obtusa (Desv. in Louis) J. Gr. 

+ 4 Chara hispida L. - 8 N i te l la  translucens (Pers.) Agh. 

+ 3 Chara globularis Thut l l .  9 Ni te l la  tenuissima (DeSv.) KQtz. 

+ 2 Ni te l ta mucronata (A.Br.) Miquel - 10 Ni tet la capitata (N. v. E.) Agh. 

+ I Ni te l la  syncarpa (Thu i l t . )  Chevat - 11 Ni tet ta opaca Agh. 

- 12 Chara acuteolata KEtz. 

I Totypella in t r ica ta  (Trentep. ex Rotb) Leonh. - 13 Chara intermedia A. Br. 

2 Nite!ta f l e x i t t s  (L.)Agh. - 14 Chara deltcatula Agh. 

- 3 Chara tomentosa L. - 15 Ni te l la  batrachosperma (Reich.) A. Br. 

- 4 Lychnothamnus barbatus (Meyen) Leonh. - 16 Chara aspera Deth. ex Wil ld. 

- 5 Chara braunii Gmelin - 17 Chara contrara A. Br. 

- 6 Chara baueri A. Br. - 18 Ni te l ta  grac i l i s  (Smith) Agh. 
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Fig. 1. Records on Charophyta in Berlin (West) over the past 188 years. Each point represents a 
record of a particular taxon (y-axis) in a particular year (x-axis). The species recorded have been 
numbered (see list and y-axis). The disappeared taxa are lined beneath the zero hne (with a minus 

sign) and the taxa still existing above the zero line (with the plus sign) 

Investigations over very long periods are of special interest, as they help to charac- 
terize the development  of waters and landscapes. Diatoms (in addit ion to the remains  of 
other organisms) are especially suited as their valvae remain  well  main ta ined  in the 
sediment. Thus, within an interdisciphnary project the analysis of the flora of diatoms of 
late pleistocene and  holocene sediments from the river "Havel" in Berhn was a contribu- 
tion to the research of the post-glacial development  of this river system (Bertzen, 1979, 
1985). 

CHANGES IN THE FLORA OF ALGAE WITHIN A REGION 

The "Lietzensee", a small lake in the Berhn district of Charlot tenburg,  is an 
especially suitable example for assessing the changes in the algal colonization. It became 
known because, here in 1912, Kolkwitz successfully carried out the first lake restoration, 
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by "rinsing" the lake with groundwater  poor in nutrients. His publ ica t ions  (Kolkwitz, 
1909, 1914) seemed suitable for a comparison with the results of a re invest igat ion 
(Heckelmann, 1983). Based on the data presented up to now i.a. the fol lowing results 

were obtained: 
(1) essential changes  in the chemical parameters of the lake cannot  be recognized;  
(2) possibly, phytoplankton diversity has increased: in 1983 more taxa w e r e  identified 

than had b e e n  recorded by Kolkwitz; however, the different methods u s e d  should be 

considered 
(3) the spectrum of the species has changed;  in the two investigations there  were only 

four species in common; 
(4) the proportion of the various groups of algae to the whole spectrum of species  has also 

changed considerably: while the taxa of the Chlorophyceae have a lways  presented 
the largest part, the proportion of species in the Cyanophyceae and  in the various 
groups of flagellates has changed  significantly; 

(5) in late summer  the members  of the genus Oscillatoria still dominate  whi le  in the 
winter p lankton the species previously dominant  have now been  rep laced  by differ- 
ent  ones; 

(6) nutr ient  loading is high; the degree of saprobity is still within mesosaprobic  range. 
For some time now, we have been  trying to compile a survey, as comprehens ive  as 
possible (Gutowski, 1984; Gutowski & Geissler. 1987) concerning the data on  atgal finds 
in Berlin (West). Principally, this region seems to be well investigated; however ,  over the 
decades there have been  considerable differences as to the research (intensity, issues. 
waters, and methods; see "Discussion"). 
The preliminary results a re  as follows: 
(1) In Berlin (West) a total of 875 algal taxa has been  recorded so far. This  exceeds 

comparable checkhsts (cf. Whitton ,[1974] for the Isle of Mull) with regard  to the 
absolute quant i ty  of taxa as well as to the number  of taxa per km 2. This may be the 
result of a long resea[ch tradition on algae and limnology and  a broad diversity of 
biotopes in Berlin. 

(2) As in the checklist on the Isle of Mull the greatest number  of species in Berlin can be 
found in the Bacillariophyceae; approximately 370 species of diatoms represen t  about 
42 % of all species; this is followed by the number  and proportions of species  in the 
Chlorophyceae, Conjugatophyceae and Cyanophyceae.  

(3) Comparing records up to 1930 with those since 1951 we find, to our  surprise, 
increasing numbers  of taxa in several classes. This should be reexamined:  it might  be 
the result of an  increase in research rather than in the diversity of algae. 

(4) Detailed comparisons show that in some groups of algae the species n u m b e r s  may be 
approximately constant, bu t  the composition of the species spectrum has changed.  

The graphic method used here offers good possibihties for the in terpre ta t ion of these 
finds over a longer  period of t ime (cf. the above discussion on charophytes, a nd  Fig. 1). 
The diversity within a group of algae, the constant  occurrence of species, the disappear-  
ance  of species, the reappearance  of species and  a change in the spectrum of species are 
depicted. 

The present  survey on the finds in our region forms the basis for [urther research 
a iming at demonstra t ing changes  m the flora of the algae. 
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D I S C U S S I O N  

Primari ly,  the  b a s i s of such  c o m p a r a t i v e  s tudies  on the  flora of a l g a e  is f o r m e d  by  

all facts pub l i shed .  Moreove r ,  h e r b a r i u m  mater ia l ,  slides, c o n s e r v e d  ma te r i a l  as w e l l  as 

cores  f rom w a t e r  s e d i m e n t s  m a y  be  ana lysed .  H o w e v e r ,  it o f ten  t u r n e d  out  tha t  d a t a  a n d  

ma te r i a l  w e r e  not  ava i l ab le  in suff ic ient  quan t i t i e s  or could  only be  u s e d  wi th  restr ict ions.  

D i f f i c u 1 t i e s i n c o m p a r i n g : T h e  compar i son  of records  on a lga l  t axa  f rom 

d i f fe ren t  pe r iods  of ten  mee t s  wi th  g r ea t  difficulties.  T h e  n o m e n c 1 a t u r e is an  

impor t an t  a spec t  he re :  a lot of synonyms  h a v e  to be  e h m i n a t e d  first, and  it c a n n o t  a lways  
be  a s c e r t a i n e d  b e y o n d  doub t  w h i c h  t axon  the  r e spec t i ve  scient is t  d id  obse rve .  The  

r e a s o n  for this m a y  also lie in the  t a x o n o m y ,  for of ten  the  u n d e r s t a n d i n g  of a spec ies  

has  c h a n g e d  o v e r  the  last  decades ,  s o m e t i m e s  e v e n  seve ra l  t imes.  In s o m e  g roups  of 

a lgae ,  p r o b l e m s  of i d e n t i f i c a t i o n  p lay  a part :  the  fact  tha t  the re  a re  no or  f ew  

records  m a y  jus t  m e a n  that  the  t axa  canno t  be  iden t i f i ed  easily. This  m igh t  be  the  r e a s o n  
for the  cur ren t  sparse  n u m b e r  of records  of b lue  a l g a e  in the  r ivers  and  l akes  of Berlin.  

Thus,  our  d i a g r a m s  s o m e t i m e s  s h o w  a dis t inct  a c c u m u l a t i o n  of points  in the  pe r iod  af ter  a 

n e w  flora had  b e e n  p u b l i s h e d  (i.e. in t he  X a n t h o p h y c e a e  af ter  Ettl, 1978). In addi t ion ,  the  

d i s c o n t i n u i t y o f r e s e a r c h mus t  be  i n c l u d e d  in the  in t e rp re t a t ion  of the  data:  
o v e r  the  years  no t  only  the  p r o b l e m s  (i.e. o c c u r r e n c e  of desmids ,  of ind ica tors  of the  

sap rob ic  system, inves t iga t ion  of d i f fe ren t  b i o c o e n o s e s  such  as p l a n k t o n  or pe r iphy ton)  

h a v e  c h a n g e d ,  bu t  also the  wate rs  inves t iga ted ,  e v e n  in such  as re la t ive ly  smal l  r e g i o n  as 
the  w e s t e r n  par t  of Berlin. Fur the rmore ,  in o u r  city the  p r o b l e m s  i n v o l v e d  h a v e  b e e n  

dea l t  wi th  s o m e t i m e s  by a lot of scient is ts  and  s o m e t i m e s  only by  a f e w ,  all of t h e s e  

p u r s u i n g  va ry ing  in te res t s  and possess ing  d i v e r g i n g  a reas  of k n o w l e d g e .  Thus,  it is qu i te  

obv ious  that  a dis t inct  p e a k  in our  d ia tom d i a g r a m  canno t  be  a t t r ibu ted  to the  fact  tha t  
t he se  a lgae  h a v e  s u d d e n l y  i m m i g r a t e d  to a l a rge r  e x t e n t  into our  r ivers  and  l akes  bu t  to 

t he  fact  that  s ince  the  mid-f i f t ies  m o r e  botanis ts  ( inc lud ing  the  m e m b e r s  of m y  scient i f ic  

team)  h a v e  b e e n  do ing  r e sea rch  into this field. H o w e v e r ,  the  m e t  h o d s of t he se  

scient is ts  differ grea t ly ,  e.g. wi th  r e g a r d  to the  types  of sampl ing ,  t ime  a n d  f r e q u e n c y  of 
sampl ing ,  e v a l u a t i o n  of the samples ,  conse rva t ion  state of the  samples .  This  affects  

e spec ia l ly  the  e v a l u a t i o n  of the  c h a n g e s  in the  a lga l  vege t a t ion .  
T h e  above  list shows  that  the  possibi l i t ies  of compar i sons  are  r a the r  res t r ic ted.  

The  c a u s e s of the  iden t i f ied  c h a n g e s  in the  a lga l  flora can  be  s u m m a r i z e d  as 

follows: 
(1) loss of b io topes ,  esp. of ve ry  smal l  waters ;  

(2) e s t a b l i s h m e n t  of new,  m a n - m a d e  b io topes ;  
(3) c h a n g e s  in the  biotopes ,  e.g. by  e m b a n k m e n t s ;  
(4) c h a n g e s  in the  w a t e r  r eg ime ,  e.g. l o w e r i n g  of the  g r o u n d w a t e r  level ,  c h a n g e s  in the  

f low veloci ty;  
(5) c h a n g e s  in w a t e r  quali ty,  e.g. eu t roph ica t ion ,  acidif icat ion.  
P r o s p e c t s : Final ly,  cons ide r ing  t he se  c h a n g e s  a n d  thei r  causes ,  the  ques t i on  of h o w  

r e s e a r c h  should  be  c o n t i n u e d  b e c o m e s  essent ia l .  As only f r a g m e n t s  of c h a n g e s  in the  

a lga l  flora can  be  r ecogn ized ,  as m a n y  da ta  as poss ib le  mus t  be  col lec ted .  As a bas is  of 
r e f e r e n c e  more  cons ide ra t ion  shou ld  be  g i v e n  to o l d e r  d o c u m e n t s  (such as 

publ ica t ions ,  he rbar ia ,  col lect ions  of shdes  and  samples) .  N e w i n v e s t i g a t i o n s 
shou ld  focus on spec ia l  p rob lems:  e i the r  a r e - e x a m i n a t i o n  of a ce r ta in  b io tope ,  c o m p a r i n g  
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it with its previous conditions or special  research into a particular group of a lgae  (see 

Charophyceae)  should be carried out. Thus, our survey of the data on Chrysophyceae  

collected so far can be in terpre ted  as showing that there has lately b e e n  an  enormous 

reduct ion of this flora in Berhn. This s ta tement  does not seem to be  substant iated,  for 

ecological  reasons. In the meant ime,  a p lanned  search especial ly for representa t ives  of 

the Chrysomonadales  has brought  forth a considerable number  of new taxa  (for Berlin) 

and their sites (Gutowski, 1984 and 1987}. If, due  to the lack of records from previous 

times, it is not  possible to m a k e  comparisons; we  should today lay the foundat ion  for 

future research.  

These  invest igat ions indicate the endange rmen t  or even  the extinction of species. In 

contrast to other  groups of organisms, there are hardly any "R e d L i s  t s" of algae. 

Krause (1984) p repared  a survey of the Charophyta,  according to which 28 of the 34 taxa 

found in Germany  (that is 82 %) are hsted as be ing  endange red  in different  degrees.  A 

further "Red List" is a imed at the red and brown algae in f reshwater  env i ronments  in 

Germany  (Friedrich et al., 1984), the former and present  distribution of wh ich  is htfle 

known to us. It is especially striking that there are hardly any reports on the expans ion  of 

a known vege ta t ion  or of new colonizations (Friedrich et al., 1985). Probably,  all four 

species of the Phaeophyta  in freshwater  environments  are th rea tened  by ehmination,  

nearly all 28 species of the Rhodophyta are presumably highly threatened.  

A d isappearance  of organisms from the earth - which would  m e a n  a loss of 
i r recoverable  genet ic  mater ial  and an impover ishment  of complex ecosys tems - should 

be considered as serious and as a l a r m i n g  in v iew of the high and rapidly increas ing 

quantit ies of extinct taxa. "Red Lists" can only draw our at tention to the var ious  dangers.  

As, in contrast to some other groups of organisms, a protection of a lgal  species is 
impossible, only a comprehens ive  and world-wide p r o t e c t i o n o f e c o s y s t e m s 

can slow down this a larming developn~ent. Moreover,  we have  to insist tha t  our habitat  

be  main ta ined  as a whole  and as natural  as possible. 
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