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Preface.

The presen t investigation is a con tinuation  of a previous w ork 
(L undh 1951 b) trea tin g  the m acrophyte vegetation in  some Scanian 
lakes. M oreover it deals w ith  m acroscopic algae, phy top lank ton  and 
epiphytic diatom s in  these lakes and here  it is based upon a p art of 
the algal m ateria l collected in  the years 1946 to 1950.

As regards the extent of the investigated  area the reader is referred  
to the in troduction  in the paper cited above.

The studies were com m enced as a  lin k  in the investigation of the 
Scanian F lo ra  directed by Professor H. W eimarck and th u s they  have 
a com pletely phytogeographical bearing. The ecological problem s aris
ing from  the d ifferen t d istribu tion  of the  p lan ts are also discussed 
on the basis of the available field ecological m ateria l and  the experi
m ental resu lts  given in  the lite ra tu re .

To my teacher in botany, the previous D irector of the In stitu te  of Syste
m atic B otany P rofessor em eritus N. H e r i b e r t  N il s s o n , I w ish to express 
m y respectfu l appreciation for his never-failing in te re st in my stu 
dies. I am  also deeply indebted to the present chief of the same 
in stitu te , P rofessor H. W e im a r c k , who suggested th is  research  p ro 
blem , for his cordial advice and ready  assistance.

P rofessor H. B u r s t r ö m , D irector of the Botanical L aboratory, has 
very  k ind ly  given me a place to w ork  and the necessary equipm ent 
fo r the determ ination of the algal m ateria l. For these facilities and 
fo r h is great w illingness to discuss actual problem s in connection 
w ith  the treatise I am  exceedingly grateful.

I should like to th an k  Professor S. T h u n m a r k , Head of the Lim-
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nological Institu te , for acquain ting  me w ith  the elem ents of fresh 
w ater research  and his m any helpful suggestions.

In  addition, I should like to express my sincere g ra titude to  the 
m any  specialists, bo th  in Sweden and abroad, whom  I have consul
ted for their valuable advice and friend ly  assistance.

In the field w ork  I have been assisted in  an  excellent way by my 
m other, Mrs. G. L u n d h , Miss A nna  G r eta  J ö n s s o n , m y fiancé, Fil. 
mag. A r t u r  A l m e s t r a n d  and  Fil. stud. M arg a r eta  N o r l i n .

To all my colleagues in the Botanical and Lim nological In stitu tes  
I am  greatly obliged for splendid collaboration and valuable d iscus
sions.

F inancial help for the perform ance of the investigation has been 
received from  the Royal Academy of Science, the N ational Board 
of N atu ra l Science Research, the fund  for field research of Lund 
U niversity  and  the Royal Physiographical Society of Lund.



Macrophytic vegetation.

Distribution of the species .

In the following the designation m acrophytes is used for aquatic 
vascular plants, mosses, an d  charophytes, but not for other m acroscopic 
algae. The latter will be treated  in a special section.

In a previous report by the au thor (Lu n d h  1951b), tables of the 
m acrophytes encountered in the lakes investigated are to be found (with 
the exceptions there reported).

Isoetids, nym phaeids, lem nids, and elodeids ( L u n d h  I.e . ,  t a b le  6, 
pp. 120 to 121).

If the lakes are arranged  according to the sim ilarity of the com posi
tion of species (table 1), it is apparen t th a t three groups of lakes can  
be distinguished. The largest group ( =  group A) is composed of the 
lowland lakes, the next largest one ( =  group B) of A rchaean lakes 
situated in a transitional area with traces of lime in the soils, and the 
sm allest one ( =  group C) o f Archaean lakes on the ridge Hallandsåsen. 
Thus th e  groupage is com pletely in agreem ent with w hat m ight have 
been expected from  the geological conditions (cf. L u n d h  I.e., p. 14 
et seq.).

T he tak es w ith in  g ro u p  A vary  g rea tly  as reg a rd s  co n d itio n s o f size a n d  
d ep th , as w ell as tra n s p a re n c y  and  lak e  co lour. T h ey  a re  a ll s itu a ted  in th e  
p a r t  o f S can ia  w h ich  h as sed im en ta ry  b ed rock . T h e  soils a re  of v a rio u s  types, 
b u t a h ig h  lim e c o n te n t as c o m p a red  w ith  th e  A rch aean  m o ra in e  is com m on  
to  them  all. In  th is  g ro u p  o f lakes the elodeid  lay e r is v e ry  w ell developed .

T he  lak es of g ro u p  B a re  sm all a n d  ra th e r  shallow . T hey  very  se ldom  h av e  
gen tly  s lo p in g  sh o res  (w ith  th e  excep tion  of F in ja s jö n ) . T h e  tra n sp a re n c y  is 
m ed ium  h ig h  and  the lak e  co lo u r is ye llow -b row n  to b ro w n . C retaceous 
m a te ria l is in te rm in g led  h e re  a n d  th e re  in th e  soils, w h ich  a re  o th e rw ise  m ad e  
u p  of A rch aean  m a te ria l. F in ja s jö n  dev iates in severa l respec ts a n d  it is n o t 
as well s tu d ied  as th e  o th e r  lakes of th is  g roup . As fa r  as the m a c ro p h y te  
v ege ta tion  is co ncerned  it la rg e ly  agrees q u a lita tiv e ly  w ith  g ro u p  B a n d  th e re
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fo re  it h as  been in c lu d e d  in  th is  g ro u p . T he  h e lo p h y tes  p red o m in a te  in  g ro u p  B 
(except F in ja s jö n ) .

G roup C co m p rise s  m ed iu m  large, deep lakes w ith  c lea r w a te r and  very  
often  gen tly  s lop ing  m in e ro g en eo u s  shores. T h e  lake  co lo u r is sim ila r to th a t  
of g ro u p  B. In  g ro u p  C th e  isoe tid s  fo rm  th e  m ost d o m in a tin g  com ponen t of 
th e  vegeta tion .

M ore ex tensive  d e sc r ip tio n s  a re  g iven in  th e  ea r lie r  p ap e r m en tioned  above 
(Lundh I.e.).

In table 1 the eulim nic species have been arranged according to their 
different d istribu tion  w ithin the area investigated. F irst come the species 
restricted to g roup  A ( =  type I), then those m ore or less regularly d i
stributed w ithin th e  whole area (= t v p e  II) and finally species m ainly 
restricted to group C or to the groups B and C ( =  type 111).

Som e species f ro m  tab le  6 in  L u n d h  (I.e.) reco rd ed  fro m  on ly  few  localities 
have been  ex c lu d ed  h e re . T h e  sign +  ind ica tes  very  old find ings o r  those 
m ad e  b e fo re  a  lo w e rin g  o f th e  lake  w as c a rr ied  ou t. B roken  lines ind ica te  
find ings fro m  the  N ineteen  T w en ties. As fa r  as A raslövssjön  is concerned  
th ere  is som e u n c e r ta in ty  as to  th e  f ind ings fro m  th is period . E xac t in fo rm a
tion  on  poss ib le  lo w erin g s of th e  lake  is n o t availab le . T he  d iffe ren t p a r ts  of 
R ingsjön  h av e  b een  un ited . T h e  reco rd s fro m  K ran k esjö n  are  fro m  the 
su m m er 1944.

Group A form s a type completely separated from  the o ther two with 
several characteristic  species e.g., M griophyllum  spicatum, Potamogeton 
Friesii, P. lucens. P. pectinatus, and Ranunculus circinatus. Most of 
them  are elodeids.

Group B lacks the  species m entioned above which are specific lor A. 
A few species w ith  their m ain  distribution in A have been found in 
some localities in group B, nam ely Hgdrocharis Morsus-ranae, Lemna  
trisulca, and  Potamogeton crispus. Lem na minor is common in both 
groups. The group has some species in common w ith group C, e.g., 
Juncus bulbosus and  M griophyllum  alterniflorum. The group is to be 
considered ra th e r as a transitional type between A and C, characterized 
by a deficiency in species.

Group C contains in addition to the ubiquists some elements unfam iliar 
to m ost of the lakes of group A, e.g., Isoetes spp., Juncus bulbosus, 
Lobelia D ortm anna, M griophyllum  alterniflorum , Pilularia globulifera, 
and  Subularia aquatica. Two of these species are, as m entioned before, 
not uncom m on in group B. The Isoetes and Lobelia  m ats are completely 
absent in all the rem ain ing  lakes.

As is evident from  the table the groups are connected by transitional 
species. The species w ith their principal distribution in group A may
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thus be found in group B in som e cases, and  several of the characteristic 
species of group C occur both in  A and B.

The lakes of group A characterized by species from  group C are in 
the table placed at the end of the group. They com prise Fjällfotasjön, 
Tunbyliolm ssjön, H am m arsjön, Araslövssjön, and  Ringsjön. Some +  
signs indicate th a t o ther lakes have also previously contained Archaean 
elements. These findings originate from  the last century, except tha t of 
Lobelia a t Vombsjön, w hich is registered in the Nineteen Twenties. 
It belongs, however, to the period before the last radical lowering. The 
inform ation on Lobelia a t H avgårdssjön is obtained from  the register 
of Skånes Flora.

Fjällfotasjön differs from  the adjacent lakes by its surroundings 
w hich i.a. are com posed of vast poor fens (e.g., T robergam yren). The 
aberran t vegetation in the lake is probably correlated w ith differences 
in the soils which are composed of Shale-A rchaean m oraine. The whole 
area tow ards Romeleåsen is characterized by low soil pH values 
(W a l d h e i m  1947).

Tunbyliolm ssjön is to be considered ra th e r as a pond, edged in the 
north  by large fen grounds. It is situated in the area of sandstone 
m oraine.

Araslövssjön and  H am m arsjön  are shallow lakes, form ing widenings 
of the Helgeå. Thus they are fed by w ater from  the Sm åländska Hög
land and the spread of A rchaean elem ents into the lakes is facilitated.

Ringsjön is situated  011 the border between Archaean rock and  the 
S ilurian region. The fault between these runs through the southern  part 
of the lake. Of the Archaean species M yriophyllam  alterniflorum  has a 
wide distribution, Isoetes is lim ited and Lobelia probably extinct. Apart 
from  these species the com position of the vegetation agrees with any 
lake in group A.

All the  lakes discussed above deviate geologically or in some other 
m anner from  the typical lakes of group A. Also in the water-chem ical 
conditions some deviations are  reflected (Al m e s t r a n d  1951). In the 
table below the contents of calcium  and bicarbonate of the discussed 
lakes are com pared with the averages of the groups A and  B.

....... ... .. ... . . .  ... , „  Average of Average of group Bp.p.m. H all ru n  E.IU .Hi Aras Ham “ . ... . ...* \1 1 J group A (except rin jasjon )
Ca ...........  31 26 36 33 9 34 45 18
1IC03 .........  124 42 92 106 54 54 133 54

It is apparen t tha t all the lakes have values below the average of 
group A, but generally higher th an  the average of group B.
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Helophytes ( L u n d h  I . e . ,  t a b le  7, p p .  122 to  123).

In table 7 the helophytes a re  divided into two groups, viz. the non- 
ubiquitous and the ubiquitous ones. In  the form er group two types of 
distribution can be distinguished, nam ely one including species lim ited 
to group A and  one including species growing in groups A and  B. T hus 
also am ong the helophytes the three lake groups A, B, and  C can be 
recognized. At the transition  from  A to B some species disappear and  at 
the transition  from  B to C still others. F jällfotasjön and the o ther 
slightly divergent lakes of group A (see p. 11) do not differ p ronoun
cedly as regards the helophytes.

Charophytes ( L u n d h  I . e . ,  ta b le  8, p. 126).

The distribution of the stonew orts shows a m arked limit between the 
lake group A on one side and  B and  C on the other. In A all species 
recorded are to be found, even if the num ber varies in the d ifferent 
lakes. Tunbyholm ssjön and F jällfo tasjön differ from  the m ajority  of 
the lakes of A by supporting only the three species Chara aspera, Ch. 
fragilis, and Nitella  sp. (Ch. aspera is not found in Tunbyholm ssjön), 
and in  this regard they agree w ith  Kvesarum ssjön and Fin jasjön. Several 
o ther lakes e.g., H äckebergasjön, Svaneholm ssjön, Snogeholmssjön, 
Sövdeborgssjön, and Sövdesjön, however, also lack more or less com 
pletely all vegetation of charophytes. The cause in this case m ay p ro 
bably be another. The Characeae are apparen tly  very sensitive to pollu
tions and sim ilar cu lture effects (cf . H a s sl o w  1931 and J aag  1949).  
Gaps in the present d istribution can thus sometimes be a ttribu ted  to 
such environm ental changes. Cf. Krankesjön, w hich after 1944 has 
entirely lost the im m ense Chara m eadows (Lu n d h  I.e.) out in the lake.

As is the case w ith the helophytes Västersjön and Rösjön have also 
as regards the charophytes the sm allest num ber of species (Ch. fragilis 
and Nitella sp.). Curiously enough Ch. fragilis has not been encountered 
in group C in shallow water, w hich otherw ise is the m ost common 
habitat. It is likely tha t on the whole it has a very limited distribution 
w ith in  the group. Group B form s a transition  between the two other 
groups.

Bryophytes (L u n d h  I.e., ta b le  8, p. 126).

The num ber of lake-mosses p roper is small. Those present generally 
are also quantitatively slightly developed except in Västersjön. Only
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Fontinalis, Riccia  and Ricciocarpus have been recorded from  so m any 
localities, th a t it is possible to obtain an  idea of their d istribution  within 
the d ifferent lake groups. Fontinalis is a ubiquist, whereas the others 
seem to be restric ted  to group A.

E co log ica l  d iscu ss ion .  

Isoetids, nym phaeids, lem nids, and elodeids.

The m acrophytes are generally classified according to their different 
biological life forms. The divisions vary  som ew hat (e.g., Ar b e r  1920, 
I v e r s e n  1929, Du R ie t z  1930, and F a s s e t t  1930), but they are con
sistent on the whole. In table 1 the p lan t sociological term inology of 
Du R ie t z  has been em ployed on the basis of table 6 in L u n d h  (1951 b).

In ecological discussions species having  different possibilities of 
absorbing nutrients and  gases m ust be kept apart. D a u b e n m i r e ’s (1947) 
m orpho-ecological groups are established along these lines. His groups 
are: 1. floating hydrophytes ( =  lemnids, except L .  trisulca), 2. suspended 
hydrophytes (in this case =  L. trisulca, C eratophyllum  and  Utriculario), 
3. subm erged anchored hydrophytes ( =  elodeids except Ceratophyllum  
an d  Utricularia), 4. floating-leaved anchored  hydrophytes ( =  nym 
phaeids), and 5. em ergent anchored hydrophytes ( =  helophytes). Du 
R i e t z  includes rootless elodeids in the rooted ones, as they together 
form  a common layer. It is evident tha t the two systems otherw ise agree 
verv well.

T h e  su sp en d ed  elodeids w ere  se p a ra te d  by  L o h a m m a r  (1 9 3 8 )  fro m  th e  
rem a in in g  elodeids an d  p laced  to g e th e r w ith  som e o th e r  species in  th e  g roup  
liy d ro tro p h s , th e  com m on p ro p e r ty  o f w h ich  is th e  p o o r d ev e lopm en t o f the 
roo ts . T he  h y d ro tro p h s  a re  am o n g  them selves ecolog ically  d iffe ren tia ted  as 
th e y  a re  ab le  to  sa tisfy  th e ir  gas re q u ire m e n ts  in  v a ria n t m an n ers .

S tra tio tes  A loides  is in tab le  1 in c luded  in  th e  n y m p h ae id s , though  it occup ies 
a u n iq u e  p o sitio n . I t is som etim es su sp en d ed  an d  som etim es p ro v id ed  w ith  
roo ts , w h ich  p e n e tra te  th e  b o tto m  m ud . H yd ro ch a r is  M orsus-ranae  shou ld  
p ro b a b ly  be co n sid ered  a lem nid , since it is v e ry  o ften  free-flo a tin g . L u n d ii 
(1951 b) inc ludes it in  the  n y m p h ae id s .

R o o t e d  p l a n t s  ( s u b m e r g e d  a n c h o r e d  a n d  f l o a t i n g 
l e a v e d  a n c h o r e d  h y d r o p h y t e s )

No extensive investigations on the dependence of the aquatic plants 
on tho com position of the lake w ater and  the lake bottom  have hitherto  
been perform ed. F urtherm ore m ost of the works available are ra ther



14

old (cf. the exhaustive survey in L o h a m m a r  1938, pp. 197 to 207). L ater 
studies are  very few (i.a. G e s s n e r  1951, and W il s o n  1947).

The present available inform ation on the nu trition  of the subm erged 
rooted w ater p lan ts can be sum m arized m uch in the following m anner. 
It seems probable tha t the roots are the most im portan t organs for the 
absorption of nutrients. This statem ent is supported  by two facts, 
nam ely, 1. the p lan ts studied seem to have an  ascending w ater stream , 
w hich is m ain tained  by the root pressure and  2. the plants thrive best, 
if the roots are fixed in the soils. The absorption which possibly takes 
place through the shoots is p robably  of less im portance also due to the 
fact th a t the concentration of nutrients in the w ater is generally less 
th an  in the bottom . Rooted plants w hich are in contact with the a ir  
natu ra lly  m ust also have a transp ira tion  stream.

As there are strong grounds for assum ing that the p lants absorb the 
m ain  p a rt of the salts through the roots, it is of little value to try  to 
explain the heterogeneous occurrence of the p lan ts on the basis of the 
vary ing  concentrations of the different nutrients in the w ater, e.g., 
phosphorus and nitrogen. These elements can be present in the bottom  
in entirely  different concentrations than  in the w ater. The conditions in 
the soils are on the whole h ighly complex. The lime content, fo r 
exam ple, has o ther physiological effects in the soil than  in the w ater, 
and  p lan ts react differently for varied hydrogen ion concentrations, 
if cultivated in soil or in w ater (Ol s e n  1942).

On the other hand , it cannot be doubted that appreciable differences 
in the w ater quality  in d ifferent lakes are correlated w ith differences 
in the properties of the soils. For this reason some parallelism  between 
the varied distribution of the p lants and the d ifferent concentrations 
of salts in the w ater can be expected.

As is seen from  table 1 there are in the lakes studied two different 
groups of species, w hich are generally m utually exclusive. T he d istribu
tion of these groups should reasonably correspond to an equally ap p a r
ent difference in the ecological conditions of the lakes.

T he im portan t nutrients, nitrogen, phosphorus, and iron vary irre
gularly  and  considerably in one and  the sam e lake (Al m e s t r a n d  1951. 
table 4). Several o ther ions, however, exhibit definite differences in their 
concentrations. It is true of them  all tha t group A has the highest 
am ount and group C the lowest one. Potassium , m agnesium , chlorine, 
and sulphate show ra ther slight differences. The m ost pronounced ones 
are to be found as regards the calcium  and  bicarbonate ions. If the 
greatest differences between the lakes originate from  differences in the
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calcium  bicarbonate concentrations, it m ay be assum ed that even the 
bottom  m aterials in the respective lakes deviate m ost significantly  from  
one another in regard  to their lime contents. If this is the case, the 
different com position of species in the lakes m ay be attribu ted  prim arily  
to the varying lim e content of the bottoms, and the species considered 
“calciphilous” respectively “calciphobous” . A discussion of the in tricate 
“ lime problem ” is, however, beyond the scope of this paper.

The p lants are natu ra lly  also m ore or less dependent upon the physi
cal properties of the  soils (cf. P e a r s a l l  1921). O bservations in the field 
indicate that some prefer m inerogeneous and other organogeneous soils. 
T he differences in  the distribution of these bottom  types, however, are 
as great w ithin the groups as between them.

The rooted subm erged aquatics are, however, not com pletely in
dependent of the w ater for their life processes, even if they provide 
them selves w ith m ineral nutrients preferably from  the bottom . They 
are  restricted to the w ater for their requirem ents of carbon  dioxide for 
photosynthesis and  oxygen for respiration.

The concentration of oxygen seems to be sufficient fo r the requ ire
m ents of the p lants. The w ater of the surface layers, w here the p lants 
grow, is alm ost always in movement. T he lakes on account of their 
location are exposed. In enclosed bays with stagnant water, w here an 
extensive decomposition of organic m aterial takes place, the conditions 
a re  naturally  different.

It m ay not be assum ed a priori th a t the content of carbon dioxide 
plays a selective role in the lakes studied, as it is theoretically deter
m ined by the equilibrium  between the w ater and the air. It has been 
established, however, tha t several h igher aquatic p lan ts can directly 
utilize the b icarbonate as a carbon source for photosynthesis (Ar e n s  
1933 and 1936, R u t t n e r  1947 and 1948, St e e m a n n -N i e l s e n  1947 and 
1951). All phanerogam s investigated have proved to be capable of 
assim ilating bicarbonate. Only few plants have been studied, however, 
and  m any of the investigations are only qualitative. It m ay be assum ed 
th a t different species have different capabilities of utilizing bicarbonate. 
If this holds true, those having the highest capacity w ould easily 
suppress the rem aining species in a w ater rich in bicarbonate.

Most of the rooted subm erged elodeids recorded belong to the bi- 
carbonate-ricli waters. Type I comprises eleven species, while type III 
has only one. Five are ubiquists. As regards the isoetids, w hich can also 
be completely subm erged, the distribution is another. One species is 
lim ited to group A, six prefer the groups B and C and three are ubiqui
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tous. The isoetid belts are alw ays narrow  in the low land hikes in com 
parison w ith those in Västersjön and  Rösjön. They do not extend into 
deep water, nor do they grow on  organogeneous bottom . In the latter 
case a possible oxygen deficiency can play a role. O therwise their 
inability to compete seems to be the most im portant restricting factor, 
a condition already pointed ou t by St e e m a n n -N i e l s e n  (1944). The 
isoetids w ith slow grow th becom e surpassed by other m ore rapidly 
growing species, w hich are favoured by the richness in bicarbonate. 
The isoetids have difficulties in holding their own in the struggle for 
light (Iv e r s e n  1929).

Rooted, not subm erged p lan ts natu ra lly  absorb carbon dioxide and  
oxygen from  the air and  are therefore independent of the w ater for their 
gas exchange. To this group belong floating-leaved plants, which also 
exhibit a ubiquitous distribution. The latter fact m ight indicate th a t 
the supply of free and com bined carbon dioxide in the w ater m ay  
actually p lay a decisive role in the distribution of the subm erged plants 
in nature.

R o o t l e s s  p l a n t s  ( f l o a t i n g  h y d r o p h y t e s  a n d  
s u s p e n d e d  h y d r o p h y t e s ) .

T he lemnids, except Lenina trisulca, are restricted to the w ater for their 
nu trien t requirem ents but not fo r their supply of gases. In  spite of this 
fact the lemnids are not ubiquists. Two species extend into group B 
but not fa rther. The lem nids p re fer sheltered habitats and  are ch arac
teristic of the quiet w ater form ed by the thick, high reeds. In th e  open 
lake they are very seldom met w ith. The Lem na  species seem to have 
a luxurian t growth, w hen the o ther h igher plants have wilted. Especially 
in spring they can be observed intermingled with the reed rem ains in 
calm places or w ashed up by the waves on exposed shore stretches.

It is clear, tha t the w ater quality  in some way governs the distribution 
of the lem nids. Owing to Iheir occurrence in special m icrohabitats it 
is difficult to discuss the factors possibly involved. T he chemical factors 
were studied in the open lake.

The dividing line between suspended hydrophytes and  subm erged 
rooted hydrophytes m ust natu ra lly  be som ew hat diffuse. Of the species 
recorded Lem na trisulca, Ceratojilujllum dem ersum  an d  Utricularia 
vulgaris belong to the form er. It is m ore uncertain  w hether the Potamo- 
geton species w ith relatively slightly developed roots should be included
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h ere  The rhizoid systems of Ihe charophytes m ay hard ly  be more 
effective, bu t nevertheless they are considered to obtain the nutrients 
frorr the soil.

T ie  suspended hydrophytes are as phytoplankton  and  o ther micro- 
an d  macroscopic algae only in  contact w ith the water. The most signi
ficari difference between these groups is probably their variations in 
size. The m icroalgae having the largest contact surface in  relation  to 
their m ass can be expected to react m ore rapidly than  the others to small 
changes in the environm ental conditions. Only three true suspended 
hydrophytes occur in  the lakes studied. Two belong m ainly to group A 
an d  one is a ubiquist. If Potam ogeton Friesii, P. obtusifolius and  P. 
zosterifolius are added (c/. L o h a m m a r  1938), there will be six species 
in ah. Two of these are ubiquitous and  the others are m ainly  restricted 
to group A.

The concentration of calcium  bicarbonate, as already mentioned, 
shows the greatest variation am ong the chemical factors analyzed. The 
bicarbonate ion m ay be of im portance in  photosynthesis as stated above. 
It also affects the hydrogen iorr concentration, the effect of w hich on 
the plant growth certainly has not been fully elucidated (cf. p. 96). 
It seems to be ra ther assum able that there are also species am ong the 
suspended w ater plants w ith various pH  optim a, as has been established 
by O l s e n  (1936 and  1937) as regards lan d  plants. The calcium  ion is 
also likely to be selective. H igher p lan ts need apparently  larger am ounts 
of calcium th an  m icroorganism s, but their specific requirem ents are 
naturally  unequal. F urtherm ore the calcium  ion has indirect effects, 
i.a. ionantagonistic. It checks, fo r example, the absorption of potassium  
(L u n d e g å r d h  1950).

The calcium  bicarbonate content thus m ust have far-reaching con
sequences in regard to the ability of p lan ts in absorbing other nutrients. 
Even if the concentration of potassium  is greater in lim e-rich lakes than  
in lime-deficient this fact does not necessarily m ean tha t p lants can 
utilize larger quantities. The calcium bicarbonate also affects the avail
ability of nu trien t substances, for exam ple iron. As the calcium  b i
carbonate can bave so m any direct an d  indirect effects, it is probably 
one of the m ost im portant factors governing the distribution of suspend
ed aquatic plants.

As fa r  as the possible lim iting effects of o ther chemical factors on the 
occurrence of w ater p lants is concerned very little is known. F ield studies 
have show n that there are correlations between the distribution and
9
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certain edaphic factors. The exact relations, however, cannot be c la r i
fied from  these results. Experim ents are necessary for obtain ing  such 
information.

E c o l o g i c a l  c o n d i t i o n s  i n  t h e  l a k e s  s t u d i e d .

In the lakes under consideration there is a definite correlation be
tween the species included in type I and high concentrations of calcium , 
m agnesium, potassium , sulphate ions am ong others, i.e., on the w hole 
with a high content of electrolytes. This correlation is evident also from  
the fact tha t Kvesarum ssjön, w hich in size, location and other properties 
is sim ilar to the o ther lakes in group B, exhibits some aberrations in  its 
flora, at the sam e tim e as it has a h igher content of electrolytes. As 
distinguished from  the adjacent lakes the following hydrophytes are 
observed here: H ydrocharis Morsus-ranae, Epilobium  parviflortim , 
Eupatorium  cannabinum , and  Ghjceria m axim a, and  of the algae w ith 
a sim ilar distribution Chara aspera and Cladophora. Cf. also the con 
ditions in Finjasjön. Since the m agnitude of the specific conductivity is 
determ ined above all by the lime content, it is possible th a t this factor 
is solely responsible for the correlation m entioned.

A correlation, even if not so m arked, seems to be found between the 
species belonging to type III and a low content of electrolytes. T his does 
not throw  any light upon the factors controlling the distribution of 
these plants, however.

The light has been show n to have a very great lim iting effect on the 
quantitative and  vertical developm ent of the aquatics (P e a r s a l l  and 
U l l y o t t  1933 and 1934, P e a r s a l l  and H e w i t t  1933 and M e y e r  and 
H e r it a g e  1941). T he lack of light m ay also be a contribu tory  cause of 
the general paucity  of species in tu rb id  lakes. T hus in such a turbid 
lake as Ellestasjön the vegetation is both  quantitatively and  qualitatively 
poor, while Levrasjön is characterized by an abundan t under water 
vegetation. It does not seem probable, however, th a t light differences 
can be responsible for regional qualitative differences, as the lakes of 
group A contain the same species, although their transparency  is very 
varying. Nor does the various colours of the w ater seem to play any 
decisive role, for the variation of th is factor is great even in group A.

The competitive factor acts together w ith the o ther lim iting conditions. 
This m ust be of verv great im portance in n a tu ra l environm ents. If a 
species grows under unsuitable conditions it is likely to be easily elimi
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nated by a species favoured by the prevailing conditions. A species 
capable of tolerating w ithout difficulty a supraoptim al concentration of 
a substance m ay keep another m ore sensitive species away. On the other 
hand  a species m ay show a high quantitative developm ent in the absence 
of competition, even if the conditions otherw ise are not optimal.

Table 1 gives no inform ation as to the abundance of the plants. A 
com parative study of the quantitative development of the p lan ts would 
not be of any great value for this investigation, the aim  of w hich is to 
discover possible regional differences in the distribution of the plants. 
The quantitative growth of the plants varies with local factors, which 
natura lly  are not necessarily identical even in adjacent lakes.

Besides the factors discussed in the foregoing there is still one, which, 
no doubt, has had  and has a great influence on the developm ent and 
com position of the aquatic vegetation, especially in the lakes belonging 
to group A. This is the effect of culture. Table 1 contains some +  signs, 
which indicate th a t the species in question have not been observed in 
the lakes during the last decades. In m any cases they m ust be regarded 
as extinct. The most probable cause of this change of the flora is the 
hum an interference, directly and indirectly influencing the na tu ra l 
development of the lakes, for example lowering of the water-level, 
outlet of polluted w ater and  m anure-w ater and other changes. Among 
the species apparently  extinct there are some, which are not com m on 
in group A and, therefore, m ay be supposed to constitute form s w hich 
cannot assert themselves in the com petition w ith the typical species of 
the group.

H elophytes.

T he distribution of the helophytes w ithin the area investigated agrees 
with that of the floating-leaved plants, that is, no species are restricted 
to group C or the groups B and C. All species in the groups B and  C 
appear also in group A. M any helophytes thus have an apparently  wide 
am plitude in relation to the subm erged water plants. This is possibly 
due to the fact that the helophytes, as the nym phaeids, have a direct 
gas exchange with the surrounding atm osphere.

The num ber of species decreases from  group A to C as does the 
electrolyte content of the water. Probably also the soil properties vary 
parallelly  with the w ater quality.

All the species to be found in group C can, as already m entioned, also 
grow  in the other groups. This fact must indicate tha t they are not
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especially favoured by the edaphic environm ents of group C, b u t th e ir 
relative abundance in this group is likely the result of the absence of 
competition. The sam e explanation m ight also be ap p lied 'to  the o ccu r
rence of typical A rchaean elements in the lowland lakes. They are able 
to grow in these lakes as long as the com petition is inhibited in any  way. 
This can be the case in  F jällfotasjön. Tunbyholm ssjön and  others w hich 
deviate som ew hat from  the typical lakes (cf. p. 11). The old findings 
in  the table designated with -H can also be explained in this m anner. 
Through the strong influence of culture in recent times the characteristic  
species of group A have been favoured quantitatively and  therefore 
obtained an  opportunity  of suppressing such species as Lobelin  and  
M yriophyllum  alterniflorum . .Taag  (1949) has pointed out th a t Potam o- 
geton lucens, P. pectinatus, and M yriophyllum  spicatum , th a t is, the 
typical p lants of group A, increase after pollution. P lants occurring on 
electrolyte-deficient soils grow slowly according to L u n d e g å r d h  (1949). 
If so they would seem to be easily ousted by the inore favoured plants.

The occurrence of Isoetes echinospora  in H am m arsjön show s tha t 
even such a characteristic Archaean species is able to grow on non- 
A rchaean m aterial. The bottom  of H am m arsjön bears helophytes and 
also several o ther eulim nic species of the type of group A. Isoetes 
lacustris grows in Ringsjön which also contains m any plants of type I. 
R um ex acetosella, w hich is norm ally found on acid soils, is also equally 
well developed on neu tra l or slighlly alkaline soils when the com petition 
is elim inated (O l s e n  1936) R o l l ’s experim ents (1939 a) w ith  Littorella, 
Lobelia, and Isoetes showed th a t all three species can grow in  alkaline 
water, although in n a tu re  they have their m ost abundan t developm ent 
in acid, lime-deficient lakes. Curiously enough, Isoetes grew best, 
although in nature it seems to be the m ost pronounced stenotope.

Some facts indicate, however, the im probability  of all Archaean 
species being excluded from  the electrolyte-rich lakes solely because 
of the strong com petition. Lobelia, for example, throve ra th e r badly in 
R o l l ’s tests. It is possible th a t this species is sensitive to the hydrogen 
ion concentration and  M o y l e  (1945) has tried to prove tha t Lobelia 
does not tolerate a high pH value. It is well-known tha t as regards 
terrestric p lants d ifferen t species require d ifferent pH fo r optimal 
growth (Ol s e n  1936 and  1937). Thus some A rchaean species may be 
especially adapted for living in an  electrolyte-deficient or acid medium. 
Cf. also the changes in m etabolism  of p lants w ith lim e-induced chlorosis 
studied by I l j in  (1951).
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Charophytes.

It is presum able tha t the occurrence of the charophytes to a large 
extent is determ ined by the same factors as th a t of the rem aining higher 
w ater plants. They exhibit nam ely a sim ilar tendency in their d istri
bution.

The correlation between the distribution of w ater plants and  the 
content of calcium  bicarbonate in the w ater lias been em phasized several 
times above. As fa r as the stoneworts are concerned the correlation is 
a t least equally m arked. Like the root-carrying hydrophytes the Cha- 
raceae are apparently  prim arily  restricted to the soils for th e ir nutrition  
(Vouk  1929, V o u k  and B e n z i n g e r  1929). T he bottom  sedim ents in  the 
lakes m aintaining the both quantitatively and  qualitatively most abund
an t development of charophytes are very often lim e-rich and sometimes 
consist of pure lake-m arl. This fact supports the assum ption tha t the 
lime content in some way influences the occurrence of charophytes in 
nature. Ö land for example w ith  its lime-stone bedrock is fam ous for its 
rich Chara flora. Of course the fact th a t the Chara species apparently  
prefer limy hab ita ts does not absolutely im ply th a t they require an 
especially high concentration of calcium  ions for their nutrition, hut 
m ay instead m ean tha t they are better adapted  th an  m any other plants 
to endure the special conditions accom panying a high lime content. 
T heir photosynthesis is possibly favoured by the large content of b i
carbonate in the w ater (cf. D a h m  1926). It is possible th a t also factors 
o ther th an  lime m ay have a restrictive effect on the distribution of 
charophytes. In the extrem e habitats of the alvar lakes on Öland only 
Clmra aspera occurs. If o ther species appear the w ater is contam inated 
(H o r n  a f  R a n t z ie n  1951).

Some Characeae are so-called euryhalinous species, th a t is they grow 
both in salt an d  fresh  water. Such a species is Ch. toraentosa, which is 
recorded from some of the lowland lakes (Ellestasjön, Heljesjön, Kranke- 
sjön, Råbelövssjön, O ppm annasjön, and  L evrasjön), and  Ch. aspera, 
w hich is one of the most com m on charads in group A and is also found 
in Kvesarum ssjön and F injasjön. H alophytes very often have a wide 
range as to the salt content and can grow in w ater of low salt con
centration (I)a u b e n m i r e  1947, L u n d e g å r d h  1949 and 1950). Thus 
they cannot be closely dependent upon the am ount of sodium  chloride. 
T he most plausible in terpretation of their occurrence on salt-rich sub
stra ta  seems to be th a t ihey, as distinguished from  other plants, have the 
capability  of adaption  to the special conditions prevailing there, e.g., w ith
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respect to the w ater conditions. They react in  a sim ilar m an n er to high 
concentrations of several salts o ther th an  sodium  chloride (cf. L u n d e - 
g å k d h  1949). The high concentrations of certain ions also have a toxic 
effect, which is unequally  strong for d ifferent species (Ma g is t a d  1945 
and  B u r s t r ö m  1949).

Attempts have been m ade to explain the occurrence of halophytes in 
fresh w ater by postulating tha t the high lime content can substitute the 
absence of sodium  chloride (Sa m u e l s s o n  1934). This is not supported  
by any  kind of evidence, however (cf. M a g is t a d  1945). Such an ex
p lanation  is not satisfactory  either, as the lime content of fresh w ater 
does not generally seem to be h igher than  th a t of the brackish water. 
H a l m e  (1944) reports a calcium  concentration of 60 mg. per litre from  
his area, tha t is about the sam e order of m agnitude as in the lakes of 
group A.

T he foregoing discussion can be applied to the distribution of S a m u e l s - 
s o n ’s (I.e.) so-called brackish-w ater species, of which Potamogeton pecti
natus, Zannichellia palustris, Scirpus m aritim us, and Sc. Tabernaemon- 
tani are to be found in  the lakes u nder consideration. They are restricted 
to group A as Chara tomentosa. Sc. Tabernae m ontani, however, has been 
recorded in Scania also from  W estern  Sorrödssjön, w here it form s some 
sm all clum ps (L i l l i e r o t h  1950 b). As this lake is very sim ilar to the 
lakes of group B, the p lant thus seems to have a ra th e r wide am plitude. 
Therefore it is surprising tha t this Scirpus is not m ore frequent in the 
province (it can, however, be som ew hat m ore com m on th an  is seen 
from  the know n localities as it is very easily confused with Sc. lacustris). 
The m ost luxurian t patches are to be found  on recently exposed shores. 
It is one of the dom inants on the sandy shores a t Vombsjön, where 
m oreover Sc. m aritim us has increased in abundance. After the last 
lowering of K rankesjön it has increased in density also here. On the 
o ther hand, it has in the last decades disappeared from  some localities, 
e.g., H äckebergasjön and Ringsjön. Its disappearance from  these old 
localities and abundance on virgin soils m ay be explained as a result 
of the fact tha t the species probably  has a low power of com petition 
and  is slightly resistant to grazing. A sim ilar lack of competitive ability 
m ight also be at least a contributory  cause of the lim ited distribution 
of the o ther brackish-w ater p lan ts in the fresh waters in  the area. Espe
cially Zannichellia  seems to have decreased considerably in distribution 
in fresh water (Sa m u e l s s o n  1934).

It is also possible tha t the species m ay contain d ifferent ecotypes, 
but the problem  is very little discussed.
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Bryophytes.

Fontinalis and probably  most water-mosses (see R u t t n e r  1948, St e e - 
m a n n -N i e l s e n  1951 and their earlier papers) seem to lack the capability  
o f assim ilating bicarbonate. The subm erged lake-mosses bave a small 
distribution in the groups A and B. In group C they occupy a som ew hat 
wider space. The difference in  distribution can  be correlated w ith the 
fact that in b icarbonate-rich waters they are not able to compete with 
the b icarbonate-assim ilating plants. Fontinalis antipyretica  grows partly  
in the splash zone, w hich is the most com m on habitat, partly  at a  ra ther 
great depth, often in the outerm ost edge of the higher vegetation (cf. 
L u n d h  1951b, p. 135). In  these habitats the soluble carbon dioxide 
content is likely to be sufficient, in the first case on account of the w ater 
movement, in the second on account of decreased photosynthesis and 
vigorous decomposition of organic m aterial. Because of its low com pen
sation point Fontinalis can also be content w ith less light intensity than  
other subm erged plants, for example, Elodea  (R u t t n e r  1926, L u n d e - 
g å r d h  1949).

The two other mosses investigated agree in  their life form  ra th e r 
with the lem nids as they float on the w ater and  absorb carbon dioxide 
from  the air. (They can also grow on a solid substratum ). Like the 
lem nids they preferably belong to the reed com m unities.

Conclusions.

It is necessary to distinguish between plants taking up m ineral 
nutrients and  gases in d ifferent ways. P lants provided w ith roots are 
probably  preferably dependent upon the soil for their supply of 
nutrients. P lants w ith  leaves in contact w ith the air regulate their gas 
exchange directly in  the air.

The rooted subm erged species, term ed elodeids, are most frequen t in 
group A. They exhibit an  apparen t correlation with high concentration 
of calcium  bicarbonate in the water, and  their distribution is likely 
controlled by some factor intim ately related to high lime content. Both 
the lime content of Ihe w ater and  the soils m ust be regarded to bave 
im portance in this case.

The rooted subm erged plants, w hich are called isoetids, have a reverse 
d istribution. In m any cases they probably do no t avoid per se h igh lime 
content, but their absence in group A is effected by the strong competi-
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tion from  clodeids. At least one species, however, is p referably  excluded 
from  lime-rich lakes fo r another reason.

Rooted, non-subm erged p lan ts do not show the sam e dependence 
on the lime content. The nym phaeids are, for example, ubiquists. The 
helophytes have also verv often a  wide am plitude. Some of them, how 
ever, seem to be confined to lakes w ith lim e-rich water.

Rootless, non-subm erged plants (— lemnids) are not ubiquitous in 
spite of the fact th a t they are supplied w ith atm ospheric oxygen and 
carbon dioxide. T heir d istribu tion  is thus governed by some differences 
in  the w ater quality. These m ay not be absolutely identical w ith those 
obtained from  the w ater-chem ical data available from  the open lake.

Rootless subm erged p lan ts are com pletely dependent upon the w ater 
for their nutrition. The calcium  bicarbonate is the factor w hich p ri
m arily can be assum ed to be responsible for their distribution, as this 
com pound has very far-reaching  direct and  indirect consequences. Exact 
inform ation, however, can only be achieved by experim ental investiga
tions.

Most of the charophytes are also closely correlated to h igh  lime con
tent in the w ater as well as in the bottom . They seem to take their 
nutrients p referably  from  the soils, as the rooted hydrophytes. They are 
also probably capable of assim ilating bicarbonate.

01' the bryophytes Riccia flu itans  and  Ricciocarpus natans constitute 
an ecological type rem iniscent of th a t of the lemnids. They have also a 
sim ilar distribution, w hich therefore is perhaps regulated by the same 
factors. The subm erged water-m osses are probably not able to assimilate 
b icarbonate and they have also an  inconsiderable distribution in the 
lowland lakes with the exception of Fontinalis.

In nature the com petition betw een the plants is probably  the factor 
w hich is finally  decisive. The m ost vital species become predom inant 
even if the environm ental conditions, disregarding the competition, are 
not directly  inim ical to m ore sensitive species. T he com petition probably 
checks the halophytes from  asserting themselves in salt-deficient soils.

In the area investigated the clim atic differences do not seem to be 
decisive.



M acroscopic algal vegetation.

Distribution of the sp ec ies .  

M aterial.

The following description does not pre tend  to be a m onographical 
survey of the macroscopic algal vegetation in the lakes investigated. 
Such a work, if carried  out by a single person, should be read with 
a certain  critical attitude tow ards the reliability of the identifications of 
species. Many algal genera, for example, Tribonem a, Stigeoclonium  and 
Ulothrix, include m any form s and  are also otherw ise difficult to identify. 
Several are intricate, because they have been insufficiently studied both 
in their na tu ra l hab ita ts and in culture. As regards the blue-green algae 
there is a recent system atic treatise by Ge i t l e r  in R a b e n h o r s t ’s Krypto- 
gam enflora (1932). Apart from  the fact th a t the systematics here can 
hard ly  be considered as definitive, the great num ber of species w ithin 
such genera as Oscillatoria, Phorm idium  and  others m akes the deter
m ination of species a difficult task. A m onograph of this type would 
require the assistance of several specialists, if the results were to be 
fru itfu l and convenient for com parative phytogeographical and ecologi
cal studies. Only a specialist is sufficiently qualified to determ ine the 
num ber of species occurring in the lakes.

T he sole aim  of the investigation has been to determ ine, w hether there 
are any m arked differences in the com position of the macroscopic algal 
vegetation of the different lakes, especially the three d ifferent groups 
into which the lakes studied can easily be divided according to the 
com position of the h igher aquatic plants. On account of the range of the 
investigation the results m ust be founded m ainly upon the m aterial 
tha t the au th o r has reliably identified. During the investigation it has 
proved possible to treat only a sm all num ber of species satisfactorily. 
U nfortunately, at first hand  m any Cyanophyceae m ust be excluded, as 
the alm ost unlim ited num ber of species could only partia lly  be con
trolled. A study of the blue-greens in the lakes requires a special in 
vestigation. A simple exam ination of the epilithic Cyanophyceae w ithin
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the littoral zone would probably  reveal m arked aberrations between the 
th ree lake groups here mentioned. In  the low land lakes there generally 
occurs a calcareous crust on the stones containing blue-green algae, 
w hich would seem to be d issim ilar to the epilithic blue-greens of the 
m ore lime-deficient lakes.

Species belonging to the genera Tribonem a, Microspora, Mougeotiu, 
Spirogyra, Zygnem a, Oedogonium, Bulbochaete  and  others have only 
rarely  been identified. This is a defect, as they very often constitute 
a characteristic elem ent of the m acroscopic algal vegetation. Oedogonium, 
Bulbochaete  and  the filam entous Conjugatae can generally be identified 
only when fertile. The m aterial collected has m ostly included sterile 
threads. On the whole, it is a ra th e r delicate undertak ing  for a n on
specialist to identify correctly species of all the genera m entioned above.

The report below em braces in the m ain the algae of the open lake, 
w here the shores are to a greater or lesser extent exposed to winds and  
waves. The degree of exposition is naturally  largely governed by the 
prevailing directions of the wind (in Scania chiefly westerly to south
westerly) but also by the topographic position of the lake, the shape of 
its shore-lines and  the abundance of forests in the surroundings. The 
lowland lakes, situated in districts relatively poor in forests, are  all 
appreciably m ore exposed th an  the A rchaean lakes.

The algal vegetation of the M agnocaricion lens, inundated  in spring, 
has not been closely studied. The dom inating form s here are species 
belonging to the com prehensive genera H orm idium , Microspora, Mou- 
geotia, Spirogyra, Tribonem a, Ulothrix  and Vaucheria. The isolated 
sheltered bays w ith their often stagnant water afford  special milieus 
(cf. S a u e r  1937), containing mass development of i.a. Spirogyra  species. 
Such habitats are not described, if they do not constitute a characteristic 
feature in the vegetation of the entire lake.

The Characeae have already been treated  in connexion w ith the higher 
aquatic vegetation (L u n d h  1951b), to which they are most closely 
related on account of their size and  type of growth. They are also 
generally included in the description of the higher vegetation (cf. e.g., 
T h u n m a r k  1931, p. 35).

Sam ples have regularly been gathered from  stones and  reeds in the 
open lake. The stones have been observed from  spring to autum n, and 
the reeds m ainly in sum m er and autum n. Apart from  the special spring 
flora the 'stone sam ples have given the best results in sum m er and  early 
autum n. At this time the algal grow th is most ab undan t both on stones 
and plants. The reed epiphytes are best developed in dense reedswamps.
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The au tum n sam ples are here very often ra th e r valuable for the deter
m ination of species, because, for example, the Gloeotrichia species at 
that tim e form  spores. The epiphytes studied have been restricted to 
those living down to 2 to 3 decimetres below the water-level. For natural 
reasons the stone flora has been m ost closely studied in shallow  water. 
By dredging, however, attem pts have been m ade to obtain a slight idea 
of the occurrence of the most im portant algae at greater depths. Stones 
have frequently been transported  to the Institu te  fo r closer exam ination. 
If m acroscopic algae o ther than Ihose m entioned above have been 
noticed, samples have been collected for m icroscopic determ ination.

As soon as the ice has broken up, diatom  samples can be gathered. 
Then the U lothrix zonata  zone begins to develop very rapidly. W hen this 
green alga is a t its prim e in April, the w ater-tem perature lies between 
6° and 11 C. It m ay still be present w hen the tem perature rises tow ards 
15 C. This tem perature has been established in Västersjön, Rösjön and 
Råbelövssjön, while the Ulothrix border was still beautifully  green. 
Stigeoclonium  sp. and Draparnaldia plum osa  grow interm ingled in the 
Ulothrix belt. The latter has its m axim um  from  May to the beginning 
of June, i.e., w hen Ulothrix is dying. At this time it can form  a two to 
three decim etres wide zone on stones, p lan t rem ains and  other objects, 
if the conditions are especially favourable. Stigeoclonium  sp. m ay be 
found in blue-green tufts on stones and diverse plants th roughout the 
sum m er and autumn.  Generally a definite species of Stigeoclonium  pre
dom inates in each lake, but it is not probable th a t it is the sam e in 
all lakes. The au th o r is not able, however, to decide the num ber of the 
species included. Also Draparnaldia  can be observed in sum m er, but 
m ore rarely. F rom  the beginning of August it becomes som ew hat more 
common. T ufts of Cladoj)lior<i begin to develop on stones already  before 
the d isappearance of Ulothrix, and in May they can have a length of 
several decimetres. In sum m er Cladophora is often coarse and brow n 
from  diatom s. Its appearance and abundance during  this season change, 
however, very m uch from  year to year. The au tum n m axim um  is not 
so w ellm arked as th a t in spring. The free-floating tangles of Cladophora 
fracta  can be found as early as in April, but later on they become larger 
and  form  thick covers in some localities.

The m aterial has been investigated in fresh condition. In m any cases 
it h as  proved impossible to w ork w ith fixed m aterial, as, am ong other 
things, the chrom atophores become m ore or less deformed. The green 
algae are ra th e r difficult to recognize after fixation, while the Cyano- 
phyceae re tain  their appearance surprisingly well. F urtherm ore, it is
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easier not to overlook a ra re  form  in  fresh m aterial, w here one has the 
advantage of the living colours In the literature ( Z im m e r m a n n  1928) 
it is reported  that, for example, species of Chaetophora have been con 
fused with Chantransia on account of the fact tha t only fixed m ateria l 
had been examined.

System atic remarks.

R a b e n h o r s t ' s  K ryptogam enflora and P a s c h e r ’s Süssw asserflora 
have been the m ain literature fo r the determ ination of the species. 
Besides, w orks by K ü t z i n g  (1854), W o l l e  (1887), I I a z e n  (1901 02),
C o l l i n s  (1909 and 1918) and  others have been employed. The nom en
clature follows P a s c h e r .

During the attem pts to determ ine the m acroscopic algae one en
counters ra ther unexpected difficulties already in a study of the m ost 
com m on species. As a m atter of fact, only a few form s are so easily 
recognizable th a t there is no risk for incorrect determ inations.

The Cyanophyceae w ould have been very valuable subjects for in 
vestigation. The study of these, however, requires the knowledge of a 
specialist. It does not seem to be possible to ascertain  the identifications 
only by using the determ ination keys in the floras .J a a g  has on several 
occasions (e.g., 1945 a and  b) criticized the system atics of the Cyanophy- 
ceae and  by experim ental investigations with different light intensities 
pointed out a surprising  variability, including a great num ber of p ro 
perties used by taxonom ists, for example, colour and  ram ification. T he 
cell w idth behaves most constantly  ( J a a g  1950). Moreover, the hum idity  
an d  hydrogen ion concentration have a great capability of modifying 
the appearance of the blue-green algae

T he list (table 2) only com prises a few blue-green species. Of the 
listed species the two T olypothrix  are ra th e r uncertain. T he only ch a
racter w hich according to the floras distinguishes them  is the w idth of 
the cells. This quantitative character seems to the au tho r to be too 
uncertain  to base a division of the two species upon, especially as transi
tional form s are not infrequent. On the whole, this genus like several 
others am ong the blue-green algae seems to be in need of a revision. 
Gloeotrichia P isum  has been identified according to R a b e n h o r s t ,  where 
it is supposed to be a collective species. One of the form s examined 
deviates som ew hat, but otherw ise the species appears to he ra ther 
uniform . The distinguishing character between Gloeotrichid and 
Rivularia, nam ely the presence or absence of resting spores, is not
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always available, as Gloeotrichia often lacks such cells in sum m er. 
(There are d ifferen t opinions regarding the justness of keeping the two 
genera distinct from  a system atic point o f view, bu t this discussion is 
natu ra lly  of no im portance in this connexion.)

The au tho r has not been able to identify Rivulciria dura  w ith certainty. 
The distinguishing character between R. dura and  Biasolettiana  given 
by the floras as the hardness of the thalli ought to be supplem ented with 
o ther m ore conclusive ones, before it seems possible to speak about 
d ifferent species. It would b.e of great interest here to study the stages 
of development of the two algae and especially the appearance of the 
sheath. C haracters as, for example, the presence or absence of incrusta
tion in the colonies would seem to be o f an insignificant system atic 
value, cf. F r é m y  (1930— 31) and B u t c h e r  (1946).

Like the blue green algae m ost Chlorophyceae are not easily recogniz
able. The difficulty  of identifying them  is largely effected by the fact 
th a t the d ifferent species are not satisfactorily delimited. They are 
variously in terpreted  by different investigators. This holds true of most 
genera dealt with in this paper. Chaetophora incrassata, e.g., does not 
seem to be a un iform  species, hut opinions differ as to its delim itation 
(cf. P a s c h e r  and I I a z e n ) .  Cladophora is very m uch discussed. The 
genus Aegagropila ought to be brought together to one species (Clado
phora aegagropila) according to some phycologists ( W a e r n  1938 and 
K a n n  1940). This is also done in the present w ork, as the au thor is in 
agreem ent w ith the algologists m entioned above as to the difficulties in 
distinguishing the d ifferent species. It is not impossible, however, th a t 
a thorough investigation m ay dem onstrate the existence of m ore than  
one species, e.g., ecologically differentiated forms. Cladophora basira- 
m osa  (figure 1) has been determ ined according to W a e r n  in Du R i e t z  
et cd. (1939). The relationship between Cl. crispata , fracta  and glomerata  
is apparently  not definitively elucidated (cf. K a n n  1940, p. 204). At least 
as fa r as the two latter are concerned the extrem es are easily d istin 
guished (figures 2 and 3), but the transitional form s cannot be equally 
readily classified. It m ay seem most expedient to unite them  to one 
species. E xperim ental investigations, however, m ust previously have 
established th a t the habitually  m arkedly d ifferent types really  belong to 
the same species. They generally prefer d ifferent habitats. Cl. glomerata  
form s large characteristic tufts on exposed shores rich in stones and 
boulders, where the w ater conversion is rapid, w hereas fracta is found 
in m ass occurrences in calm  sheltered hab itats with m ore or less 
stagnan t water, often am ong high helophytes. T he Cladophora form



30

Fig. 1. Cladophora basiramosa  from  E astern  Ringsjön near the sound tow ards 
Sätoftasjön. It agrees fairly well w ith the photom icrograph given by W aern in 

Du Rietz et at. (1939). F resh  m aterial. Enl. about 65 X . 17.9.1948.

w hich is typical as a reed epiphyte belongs to an  environm ent w hich 
considerably deviates from  that of glomerata  and  ra th e r agrees w ith 
that of fracta. B r a n d  (1906) distinguishes w ithin Eucladopliora  two 
sessile types: glomerata  and  crispata. Fracht is considered by him  as a 
detached floating form  of crispata. This concel ' '  coincides on the 
whole ra th e r well with the opinion obtained by the present au thor from  
field studies. Recent cu lture experim ents carried out by E. A. G e o r g e ,  
Cambridge, have, however, shown that the three types exist as well- 
distinguishable species (private com m uniet.':: ). T hus it seems neces
sary to study cultures of the algal m aterial from the lakes before form ing 
a definite conclusion as to the num ber of species included.

The genus Draparnahlia, containing large, readily visible algae, 
should apparently  not o ffer any difficulties in identification, as the 
floras only em brace a few species. According to the au th o r’s experience,

05

17
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Fig. 2. Typical picture of Cladophora fracta  from  O ppm annasjön at Kiaby. The 
branches are alw ays rather strongly curved and fairly deficient in chlorophyll. Fresh 

m aterial. Enl. about 30 X. 23.5.1948.

however, even this genus seems to require a revision. No m onograph has 
been published since 1901— 02 ( H a z e n ) ,  apart from  H e e r i n g ’s survey 
in P a s c h e r  (1915). The division of the collected material into two 
species (table 2) is not well-founded. Draparnaldia plum osa  only partly  
includes form s w ith the typical appearance, w hich have been found in 
Gyllebosjön, Heljesjön, Häckebergasjön, O ppm annasjön, and Finjasjön, 
otherw ise the specimens (figure 4) ra th e r resem ble Draparnaldia acuta 
according to K C tz in g  (1854, Bd 3, tab. 13). As both types m ay occur 
in the same lake sim ultaneously, there are reasons for assum ing tha t 
they  should be brought together into one species. T he type given by 
the figure 5 is the m ost com m on in the A rchaean lakes.

Stigeoclonium , which genus com prises some of the most com m on lake 
algae, is not represented in the table. The au th o r has not regarded 
herself capable of identifying the different species. There is no doubt 
th a t the genus requires a system atic revision and a study of the different 
developm ental stages of the species is of im portance. It m ay be possible
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Fig. 3. A small, early, fertile form  of Cladophora glomerata  from  Råbelövssjön at 
Balsvik. This form is attached and the branches are straigbter and greener than 
those of Cl. fracta. Later form s deviate still more from  Cl. fracta. Fresh m aterial.

Fill, about 30 X . 23.5.1948.

th a t young stages of a species are now described as a special species. 
Such a species as Stigeoclonium  farctum , fo r example, judging from  the 
draw ings, m ight ju st as well he a young form  of some other larger 
species. B u t c h e r  (1932 a), who closely describes a form  of St. farctum , 
m entions th a t the filam ents are hardly  distinguishable from  those of 
St. fa lklandicum  when the erect system is well developed, which can 
sometimes occur. l ie  adds (on p. 300) th a t separate individuals of the 
two species can be difficult to classify. Some investigations on the life
cycle of Stigeoclonium  species have been carried  out. The reader is 
referred  to the bibliographies given by V i s c h e r  (1933) and G o d w a r d  
(1942). It has, however, seldom been possible to follow the complete 
life-cycle. V i s c h e r  {I.e.) also considers the present system atic literature 
to be of very little value. He has shown a pronounced variability as 
regards a great num ber of characters on which the systematics are 
partly  founded, for example, form ation of hairs, ram ification and cell 
length. B u t c h e r  (1951) reports considerable m orphological differences
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Fig. 4. Draparnaldia plumosa from  Häckebergasjön. This form  of Dr. plumosa 
seems to be the most common one in the lowland lakes. Fresh m aterial. Enl. about

30 X. 12.5.1948.

in species of Stigeoclonium, probably caused by different contents of 
n itra te  and  phosphate.

As fa r as Ulothrix is concerned the same seems to be true as has been 
discussed for the two preceding genera Especially the small species are 
poorly studied. The species included in the list as U. tenerrima  also con
tains form s w ith cells narrow er than  7 p.. The floras employ the cell 
w id th  for distinguishing the species tenerrima  and variabilis, but this 
can  hard ly  be considered as a sufficiently well-founded character for 
separating  two species. In  the same localities there often occur th inner 
a n d  b roader threads w hich otherw ise have a sim ilar appearance. It is, 
nevertheless, in this case assum able that two d ifferent types are present 
on  account of the fact th a t the individuals collected come from  two 
ecologically different habitats. They grow partly  on reeds and  u nder
w ater plants in the lowland lakes, partly  on stones in  the A rchaean 
lakes. In  the latter case they form  green m acroscopic coats on the stones 
3
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Fig. 5. Draparnaldia glomerata  from  a tributary  to Rösjön (Liirkesholmsån). Similar 
form s have also been found in V ästersjön. Fresh material. Enl. about 30 X . 22.5.1948.

in spring, in  the fo rm er they are preferably to be found in sum m er and  
autum n. Thus, it is just as im portan t here as in m any other cases to 
combine the system atic investigations w ith ecological observations.

The Batrachosperm um  species have been identified by G. I s r a e l s o n .  
The form  of Asterocytis occurring in the Scanian lakes agrees best with 
the drawings of A. smaragdina  R e in s c h  (Allogonium sm aragdinum  
H a n s g i r g ,  Callonema sm aragdinum  R e in s c h )  given in P a s c h e r  (Heft 
11) and G e i t l e r  (1924— 25). HAMEL (1924 25) includes in A. ornata
(Ag.) H a m e l ,  w hich species Du R i e t z  et al. (1939) and K a n n  (1940) 
have listed from their areas of investigation, also Callonema smaragdi
num  R e i n s c h  T hus it is possible that the Scanian species and th a t 
reported by the au thors m entioned are identical.

The vegetation  of the individual lakes.

Y d d i ii g e n. The lake m akes a ra ther sterile im pression as to the 
m acroscopic algal growth. Only the calcareous crusts on the stones are 
visible to the naked  eye. Among the blue-green algae form ing these



Rivularia Biasolettiana  m ay be m entioned. II generally occurs in large 
coherent crusts. In spring a m ass developm ent of Oscillatoria curviceps 
has been observed several times. It bas almost covered the w ater-surface 
am ong rem ains of reeds and o ther residues in  calm  water. A macrosco- 
pically ap p a ren t developm ent of diatom s is to be seen m ainly in spring. 
An attached zone of Ulothrix and  Cladophora is absent. Draparnaldia  
plumosa  is to be found in  ditches, runn ing  into the lake and in  the 
outflow, bu t has not so far been encountered in  Ihe lake. Cladophora 
fracta has been recorded am ong Mougeotia and Spirogyra  in the bay 
at Bökeberg u nder the shelter of reedswam ps. The epiphytic grow th on 
reeds is insignificant. The diatom s predom inate.

F  j ä 11 f  o t a  s j ö n. The m acroscopic algal vegetation is som ew hat 
better developed th an  is th a t of Yddingen. It gives no im pression of 
richness, however. The abundance of the diatom s is greater in spring 
com pared w ith Yddingen, but the Ulothrix zonata  zone is also here 
apparently  absent. Cladophora glomerata  has been found attached to 
stones on a sm all islet, frequented by birds. In shallow w ater the stones 
are coated w ith i.a. Schizochlam ys gelatinosa, Rivularia Biasolettiana 
and  Chaetopliora elegans. The epiphytic growth on reeds is more m ono
tonous th an  in m any of the lakes investigated. Tolypothrix tenuis, the 
most im portan t dom inant, is seen in  immense quantities. Coleocliaete 
orbicularis and  Rivularia Biasolettiana  are also readily visible. Gloeo- 
trichia P isum  has been found on leaf stalks of water-lilies.

B ö r r i n g e s j ö  n. This lake does not either show a m arked richness 
in m acroscopic algae. T he considerable lowering of Ihe water-level 
probably d isturbed the developm ent of the algae to a certain degree. 
Those living near the w ater-surface were obliged to colonize new 
localities. In spring a greyish yellow cover of diatom s is to be observed. 
A Ulothrix zone only occurs at one place, situated below a spring in the 
slope. The sessile light green Cladophora zone is often well developed, 
for example on the stone shoals in Ihe southern  p art and at Sjuttanäbbet. 
Especially characteristic of the lake are as in Yddingen the calcareous 
crusts on the stones. Rivularia Biasolettiana  (figure 6) forms thick 
extensive crusts. Even in very shallow  water (after the lowering Clado
phora aegagropila grows on the low er parts of the stones, which are 
otherw ise provided with a thick calcareous cover. Hildenbrandia rivu- 
laris also occurs at sim ilar hab itats. After the lowering it has been seen 
even above the sum m er water-line. The epiphytes on reeds are very little 
varied. They m ainly include blue-green algae as in Fjällfotasjön. Macro- 
scopically dom inant is T olypothrix  tenuis.
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H a v g å r d s s j ö n .  The lake is characterized by an extrem ely rich 
m acroscopic algal vegetation. In  spring the diatom s form  large flakes 
floating on the vvater-surface. Ulothrix zonula is probably  w idely d istri
buted in the form  of m icroscopic threads, bu t a m acroscopically evident 
belt has only been found in one locality. Stigeoclonium  sp. and  Drapar- 
naldia plum osa  occur interm ingled w ith the Ulothrix  threads. T he two 
latter exhibit in May a pronounced m axim um . Especially in 1947 Dra- 
parnaldia  was very w idespread growing on both stones and  sandy 
bottom  out to a depth of several decimetres. Cladophora glomerata  form s 
th ick  tufts on the stones, and  contrary  to the lakes already m entioned 
it extends to a depth of at least 50 to 75 centim etres. From  about 
30 centim etres Cladophora basiramosci appears in short thick tufts. Its 
extension dow nw ards is not known. At first the two Cladophora species 
grow together, when Cl. glomerata  occupies the upper parts of the 
stones. The light green Cladophora was in  the w ater-surface fresh green, 
bu t fa rth e r dow nw ards it becam e brow n and alm ost lacked chlorophyll 
(May 14, 1949). The floating Cladophora fracta  also attains an  abundan t 
developm ent in  the lake. Cl. aegagropila is p robably  com m on on the 
lake bottom, but does no t grow in so shallow water, that it can be 
reached from  the shore as in  Börringesjön and  several other lakes. The 
stones near the w ater-line are m ostly covered w ith a blue-green crust. 
As epiphytes on reeds the following species occur: Cladophora, Coleo- 
chaete orbicularis, Chaetophora  cfr pisiform is, R ivularia Biasolettiana, 
Stigeoclonium  sp., Oedogonium  spp. and  Spirogyra  spp. Gloeotrichia 
P isum  is seen in  enorm ous quantities on subm erged plants and  reeds. 
Among the subm erged vegetation occupying a  considerable area of the 
lake, masses of filam entous algae at times cover the w ater-surface. 
Cladophora and  Spirogyra  predom inate bu t otherw ise Mougeotia, Zyg- 
nem a  and  Oedogonium  are included. In  1949 a very th in  Enterom orpha  
was found in the algal masses. Two years earlier large tubes were 
observed probably belonging to the sam e Enterom orpha  species. F loa t
ing colonies of Aphanocapsa  sp. and Tolypothrix lanata are  com m only 
seen. The latter also grows on stones together w ith Chaetophora in 
crassata.

B j ö r k e s å k r a s j ö  n. The lake is alm ost com pletely surrounded 
by m ore or less thick reedswam ps. This fact causes a rich production 
of algae, characteristic of stagnant waters, fo r exam ple Spirogyra, 
Mougeotia and  Cladophora fracta. Open stony shore parts occur very 
rarely. A Ulothrix zone is apparen tly  absent, bu t the light green Clado- 
phoras, both attached and  floating, a tta in  an abundan t development.
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Fig. 6. Börringesjön, eastern shore. The shore was laid hare by the lowering of the 
w ater-surface in the sum m er of 1947. The stones were covered w ith crust-like 

Rivularin  colonies. 5.4.1948.

The stones exam ined were plentifully colonized by chiefly Chcietophora 
incrassata, Ch. elegans and  Schizochlam ys gelatinosa. The reed epi
phytes appear in large quantities. In addition to several of the species 
already m entioned Toly pot hrix  tenuis, Rivularia Biasolettiana, Gloeo- 
trichia P isum , Coleochaete orbicularis and several blue-green algae, 
difficult to identify, are also included. Gloeotrichia P isum  settles on all 
types of plant m aterial, particu larly  on subm erged species, e.g., charads 
and  Potam ogeton pectinatus.

H ä c k e b e r g a s j  ö n. Open shores are more common here th an  in 
B jörkesåkrasjön, but sheltered sections w ith alm ost stagnant w ater are 
predom inating and in sum m er characterized by thick algal tangles. 
Spirogyra  and  Cladophora are the chief components. On the stones at 
the m ore or less open stretches no Ulothrix  zone is to be found in spring, 
but a green coat is form ed by Draparnaldia plum osa  out to a depth 
of two decimetres. T he attached  Cladophora glomerata  zone is well 
developed on suitable substratum . It preferably occurs on stones, bu t
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il can also be seen on other subm erged objects, for instance, wood. The 
epiphytic vegetation is always visible to the naked  eye and  abundan tly  
developed. Especially conspicuous is the enorm ous occurrence of Gloeo- 
tricliia Pisum , growing on all types of p lan t stalks. O therw ise the 
following species have been recorded: Coleochaete orbicularis, Sym ploca  
m uscorum , T o lypo thrix  lanata, Chaetophora elegans, Spirogyra, Mou- 
geotia and Oedogonium. In  sum m er m any floating colonies of Aphano- 
thece sp. are to be seen. At the eastern shore stones have been collected, 
the tops of which were covered with Cladophora glomerata  and the 
lower p arts  with isolated threads of Cl. basiramosa. On the sam e stones 
red thalli of H ildenbrandia rivularis and  a Trentepohlia-Uke alga could 
be observed. They were both ra ther common.

S v a  n  e h  o 1 m  s s j ö n. The entire lake can be said to constitute a 
lenitic environm ent for the algae (cf. T h i e n e m a n n  1912). Open shore 
free from  reeds is only to be found in a lim ited area at the eastern side, 
where the bottom  is gravelly near the water-line. In spring a m acrosco- 
pically visible but slightly conspicuous algal vegetation grows here, com 
prising Ulothrix zonata  and  Draparnaldia plumosa. The light green 
Cladophora species are early developed. An attached form  as well as a 
floating form  have been observed. The form er occurs on stones, piles 
an d  boats. On stones and  plants of varian t types there is a rich grow th 
of Chaetophora incrassata. Batrachosperm um  m onilijorm e  is also often 
m et w ith. Furtherm ore, the following species have been noticed on 
reeds: Zygnem a, T olypothrix  lanata, Spirogyra, Chaetophora elegans, 
Mougeotia, Coleochaete orbicularis, C. pulvinata, Gloeotrichia Pisum, 
Cladophora et al. In  sum m er a considerable p art of the w ater-surface is 
covered with floating algae, e.g., Spirogyra, Cladophora, Zygnem a, 
Mougeotia, Oedogonium, Ulothrix tenerrima  and  Tribonema. Mass deve
lopm ent of Oscillatoria princeps has often been seen.

K r a g e  h o 1 m s s j ö n. Strangely enough, no Ulothrix zone has been 
found in the lake. In May Draparnaldia plumosa  lias been gathered 
from  stones close to the water-surface. At the sam e tim e Chaetophora 
incrassata  form s a green coat on stones and  dead p lan t rem ains. W here 
large stones are to be found, they are n ea r the w ater-surface provided 
with a light green Cladophora  zone, one to two decim etres wide. Cl. 
fracta  lies in large quantities am ong aquatics in shallow water. On the 
stones close to the w ater-line several epilithic species m ay occur, e.g., 
Chaetophora elegans, Ch. incrassata, T olypothrix tenuis, Rivularia 
Biasolettiana  and  Schizochlam ys gelatinosa. Also Pleurocladia lacustris 
has been recorded from  a sim ilar location. P robably this brow n alga is
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gelatinösa som etimes form s a mass development of floating colonies, 
w hich m ay cover the w ater-surface in calm  localities. At a  depth of 
some decim etres H ildenbrandia rivularis and Cladophora aegagropila 
often appear on the stones, the latter not seldom below the form er. They 
have both a wide distribution. On large stones at the eastern shore there 
occurs a green m ucilaginous zone, which is very conspicuous. It consists 
of an  alga, th a t resem bles Stigeoclonium  farctum  according to descrip
tions and figures in the literature. In  the same localities Stigeoclonium  
tenue is also often to be seen. The epiphytic vegetation on reeds is very 
rich  in species, for exam ple, Gloeotrichia P isum , Chaetophora elegans, 
Ch. incrassata, Coleochaete orbicularis, Stigeoclonium farctum  and 
Cladophora.

E 11 e s t a s j ö n. As to m acroscopic algae the lake is very m ono
tonous. The developm ent of diatom s is even in spring very insignificant. 
The diatom  cover has as in Börringesjön a greyish yellow colour. In 
spite of the presence of exposed stony shores the Ulothrix zone is slightly 
developed. U. zonata  has been observed as a th in  cover on stones in a 
very sm all area a t the  n o rthern  shore below springs, dry in sum m er. 
Draparnaldia plum osa  and  Stigeoclonium  sp. is to be found near the 
m outh of a covered drain. Cladophora does not seem to form  any typical 
sessile zone 011 the stones. Only rarely has it been seen attached. Clado
phora fracta, however, occurs, even in masses, in sheltered localities. 
T he stones are th roughout furn ished  w ith a calcareous crust, probably 
to  a large extent form ed by blue-green algae. These stones, otherw ise 
poor in epilithic algae, recall the conditions in Yddingen and Börringe
sjön. Hildenbrandia  colonizes as in Börringesjön the underneath  of the 
stones in shallow  water. Its total distribuion is not known. The locality 
noticed is situated  011 the southern  shore, lined by beech-forest. Rivularia  
Biasolettiana, w hich is very frequent in Yddingen and Börringesjön, 
has not been found in Ellestasjön. Instead Gloeotrichia nutans forms 
sm all brow nish colonies on the stones. T olypothrix  sp. is also gathered 
from  sim ilar substrata. T he reed epiphytes are poor in species. One 
sam ple proved to contain  m asses of Toly pot hrix tenuis. O 11 the whole 
the blue-greens dom inate. O therw ise only Coleochaete orbicularis, C. 
scutata, Oedogonium , Mougeotia, Bulbochaete, Spirogyra, Stigeoclonium  
farctum  an d  Cladophora have been listed. On the bottom  in the Ver
landung bays there often appears a mass developm ent of blue-green 
filam entous algae, e.g., P horm idium .

S n o g e h o l m s s j ö n .  T he lake has in spring quite another appear-



40

unce thän  Ellestasjön. The epilithic algal vegetation is very abundan t. 
Ulothrix zonota  form s a  brightly green or nearly  blue-green belt on 
all sorts of substrata  close to the water-line. Especially below the castle 
the zone is verv well m arked. W hen Ulothrix has disappeared, a vegeta
tion of Stigeoclonium  sp. and Draparn.ald.ia plum osa  is to be seen in  very 
shallow w ater a t the same locality. The abundance varies from  year to 
year. At this tim e Cladopliora also begins to grow. The attached form  
glomerata is usually well represented on the stones round  the lake and 
rem ains the whole sum m er. Cl. fracta  is also common. Cladopliora 
aegagropila probably occurs on stones outside the m ost shallow zone, 
although the au th o r has not succeeded in finding it attached. In  August 
1949, however, large algal masses drifted around  in  the northern  p art 
of the lake, which contained chiefly Cl. aegagropila and R hizoclonium  
hieroglyphicum . In sum m er the m acroscopic algal vegetation 011 the 
stones is insignificant ap art from  encrusting form s. In au tum n a green 
Spiroggra zone m ay be observed on the stones near the water-line. 
Hildenbrandia  is met w ith only 011 the w estern side of the lake. The 
num ber of reed epiphytes is both quantitatively and  qualitatively in 
significant.

S ö v d e b o r g s s j ö n .  The lake has a sheltered position and no 
typical exposed shore exists. A Ulothrix  zone is also absent. Cladopliora 
occurs attached to piles interm ingled w ith Spiroggra. In the calm  bays 
one can find thick algal tangles consisting of, am ong others, Mougeotia, 
Spiroggra and Zggnema. The epiphytic vegetation on reeds is rich. The 
following species are dom inants: Gloeotrichia cfr Pisum , Tolgpotlirix  
tenuis, Stigeoclonium  sp., Chaetophora elegans, Ch. incrassata, Schi- 
zochlamgs gelatinosa, Rivularia Biasolettiana and  filam entous Con
jugatae.

S ö v d e s j ö n.  The Ulothrix zone is well m arked  in that p art of the 
lake situated at the village Sövde and  the hill Salsbjer. Already in  the 
early spring Stigeoclonium tenue is found am ong the Ulothrix threads. 
Later on the species becomes very dom inating w ith a prom inent m axi
m um  in autum n. Both the attached  form s and  the floating form of 
Cladopliora (Eucladopliora) are commonly seen. At Salsbjer Cl. glome
rata can a ttain  an  appreciable length (more th an  40 centim etres). Sövde- 
sjön can with good reason be called a Cladopliora lake. Cl. glomerata 
rem ains throughout the sum m er, even if the quantity  varies from  year 
to year. Cl. fracta has its greatest m axim um  during  the hot season. In  a 
depth of 5 to 6 decim etres the stones in the southern p art of the lake 
are coated with Cladopliora aegagropila. H ildenbrandia  occurs at the
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sam e depth. The epiphytic vegetation on reeds is apparently  monotonous 
and insignificant. Stigeoclonium  tenue  and Stigeoclonium  ct'r farctum  
are to be found in enorm ous masses. O therw ise m ainly microscopic 
blue-green algae difficult to identify are present. Sometimes Oedogonium  
sp., Coleochaete orbicularis and  Gloeotrichia P isum  have been recorded. 
T he la tte r m ay occur in large quantities on subm erged plants, preferably 
Potam ogeton pectinatus.

H e l j e s j ö n .  The m ain part of the algal studies were carried  out in 
1949, when the lake had already been considerably lowered. Of course, 
the change in the water-level caused a d isturbance in the developm ent 
of the littoral algae. The norm al shores were dried up and  did not afford 
suitable conditions for the algae concerned. Consequently, the in form a
tion of the norm al algal flora is som ewhat imperfect.

P robably  the Ulothrix zone has not been especially prom inent. It 
seems to have developed later than  is generally the case in the lakes 
studied. At the end of May 1948 Ulothrix zonata  as well as Draparnaldia  
plum osa  grew on the stones at a depth of 0 to 10 centim etres, whereas 
in April none of the species were present. Cladophora fracta  and  Clado- 
phora glomerata  were recorded at the same time in May, likewise a rich 
development of Chaetophora elegans. In  1949 the algae m entioned were 
lacking w ith the exception of isolated tufts of Ulothrix zonata. In the 
bare-laid  sandy shore zone, w hich was still wet, there was a rich algal 
grow th of Zggnem a, Spirogyra  and  Ulothrix tenuissim a  in the puddles. 
The subm erged aquatic p lan ts are in sum m er tangled in algal masses, 
contain ing the usual species of Spirogyra, Zygnem a, Oedogonium, 
Mougeotia et al. Spirogyra  cfr com m unis m ay at times have an  im mense 
distribution . The lake is also distinguished by an  abundan t epiphytic 
vegetation on reeds: Tolypothrix tenuis (frequent), Coleochaete orbi
cularis, Rivularia Biasolettiana, Gloeotrichia Pisum , Chaetophora ele
gans, Ch. incrassata  and o ther macroscopic algae.

V o in b s j 5 n. T he lake has not yet been stabilized after the radical 
lowering in 1944 and  will probably  not be so completely, as the water- 
level can be regulated at will by the w aterw orks of Malmö. T he con
ditions for the algal vegetation in the shallow zone have been changed. 
An investigation of this zone can only give an  idea of the com position 
of the species present and  very little of their natu ra l d istribution  in 
the lake.

No U lothrix zonata  zone has been definitely established in the parts 
of the lake, visited in spring. Stigeoclonium tenue is, however, in April 
widely spread on stones and  plants along the northern  shore at the
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boathouse of the M almö Sportfiskeklubb At tbis tim e an d  later on in 
May one can also find  Draparnaldia plumosci. Usually the developm ent 
of diatom s is immense. At the m outh  of a small brook there is a green 
belt of Ulothrix aequalis on the stones. The alga has another m axim um  
in autum n. Already in  April Cladophora form s appear, floating as well 
as attached. They attain  an  abundan t development. Cladophora aegagro- 
pila has a wide distribution. By the lowering it has been brough t near 
the water-surface, and  at exceptional low water it is laid bare. Hilden- 
brandia  has been noted at the stony shore along the railw ay in the north . 
The reed epiphytes, h itherto  studied, have been poorly developed and 
com prise only few species. D om inating are diatom s and Stigeoclonium  
spp. (i.a. fa rctum ).

K r a n k e s j ö  n. The algal vegetation was not investigated before the 
lowering in 1944. No Ulothrix zone has been observed. Cladophora 
fracta m ay cover large areas am ong the higher aquatic p lants Clado
phora aegagropila occurs on stones, now  situated only one or two deci
metres below the w ater-surface. The stones close to the w ater-line are 
covered with a thick blue-green calcareous crust. Moreover, on these 
stones also Rivularia Biasolettiana, Tolypothrix tenuis, Chaetophora  
incrassata and  Spirogyra  sp. are to be found. The sessile algae of the 
reeds do not include m any species. Spirogyra constitutes a com m on 
element. O ther com ponents are Coleocliaete orbicularis, Bulbochaete, 
Chaetophora elegans, Cladophora, Mougeotia and  Oedogonium. Among 
the large quantities of subm erged plants, chiefly C eratophyllum  dem er
sum, Potam ogeton crispus and  M yriophyllum  spicatum , w hich inhabited 
the lake in  1948 and  1949 there was an  im portant growth of filam entous 
algae. Spirogyra  an d  Cladophora fracta  were dom inants, but m any 
others were included, e.g., Oedogonium, Mougeotia, and  Zygnem a. In 
1944 an d  1945 a considerable p a rt of the bottom  tow ards Silvåkra was 
covered w ith  a m at of Oscillatoria princeps f. maxim a.

G y 1 1 e b o s j ö n. W hen a th in  ice covers the surface, the Ulothrix 
zone, begins to develop. It rem ains to tlie end of April. D uring the early 
growth period (January  to February) filam ents, the cells of which con
tain only one pyrenoid, are to be found together w ith typical U. zonata. 
W hen gathered, they were considered to be young form s of the latter. 
It is however, possible, that they m ay belong to U. rorida, discussed by 
L in d  (1932). According to this investigator that species mostly occurs 
together w ith  U. zonata. In the Ulothrix zone Draparnaldia plumosa  and 
a Stigeoclonium  with long seta (longipilum  ?) often grow. The form er 
had in May 1949 a very pronounced m axim um  and  colonized diverse
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substrata in large beautifu l individuals. In May tbe Cladophora zone 
begins to develop on stones and walls. Cl. fracta  drifts about in sum m er 
as ra ther large tangles. T he calcareous cover on the stones in shallow 
water is very im portan t. Hildenbrandia rivularis is com m on along all 
the stony shores. On the north-w estern shady shore the red  crusts are 
to be seen even on the upper side of the stones close to the w ater-surface. 
Along the north-w estern  shore as well as on the shoal near the hospital 
stones have been collected by dredging w hich have been coated with 
Cladophora aegcigropila. In this coat also Rhizoclonium  liieroglg- 
phicum  is interm ingled. On the shoal m ass occurrence of Tolgpothrix  
lanata and  a N ostoc-like Aphanothece  has been encountered. The reed 
epiphytes are abundan t. The following species are frequent: Tolgpothrix 
tenuis, Chaetophora incrassata, Gloeotrichia Pisum , Rivularia Biasolet- 
tiana, Coleochaete orbicularis, Stigeoclonium  sp., Oedogonium  and 
Spiroggra.

T  u n  b y h o 1 m  s s j ö n. Only in a sm all area, south-east of the 
castle, there is an  open shore stretch, eroded by the waves. No Ulothrix 
zonata zone has been observed in the lake. T he diatom  cover in spring 
is very prom inent. On the subm erged stones a green-shim m ering cover, 
which proves to be form ed by Ulothrix tenerrima, grows at the same 
tim e and  extends out to a depth of at least one to two decimetres. Neither 
Cladophora nor Draparnaldia  have been noticed in the lake. Dr. plumosa  
occurs in the outflow. T he epiphytic growth is plentiful on reeds as well 
as on water-lilies. Among the reed epiphytes tbe following species m ay 
be m entioned: Chaetophora elegans, Tribonem a, Oedogonium, Coleo
chaete pulvinata, H apalosiphon intricatus, Nostoc, Coleochaete orbi
cularis, Microspora, Tolgpothrix lanata and Gloeotrichia Pisum.

R i n g s j ö n .  As fa r as the m acroscopic algae are concerned, no 
division of the lake into tbe three parts is necessary. In  the large area 
of the lake the  w inds move more freely th an  is the case in the rem aining 
lakes The open shores become strongly exposed to wave action. The 
Ulothrix zone has an  extensive horizontal distribution in all parts of the 
lake, but m ost well m arked  in E astern  Ringsjön (figure 7). It disappears, 
however, ra th e r rapidly. As early  as in the beginning of May there is 
very little left. P robably  this fact is due to the sudden lowering of the 
water-level, w hich m ust be especially pronounced on the gently sloping 
shores of Ringsjön (c/. L u n d h  1951 a). After desiccation the blue-green 
Ulothrix belt passes over into a w hite calcareous zone (figure 8), which 
probably has the sam e origin as tha t of the lakes in Holstein ( S a u e r  
1937, R o l l  1939 b, K a n n  1940 et al.). S im ilar white zones m ay be
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Fig. 7. E aslern Ringsjön at Fogdarp. The stones are covered with a belt of Ulothrix 
zonata. Below the water-level the algae are still living but are discoloured by brow n 

diatoms. Above the water the zone is dry and white coloured. 15.5.1948.

seen in  several other hikes, for example Börringesjön, Råbelövssjön and 
Levrasjön, but now here is it so m arked  as in Ringsjön. U. zonata  
extends ra ther deeply out to at least 4 decimetres. Stigeoclonium  sp. and 
Draparnaldia plum osa  are  at times seen together w ith V . zonata. They 
rem ain fo r a longer time. The diatom  production in spring is abundant. 
Cladophora glomerata  as well as Cl. fractu occur in large quantities. The 
best developed attached patches of Cladophora are to  he found in  
strongly exposed stony shores, for example at the points.

On the stones some decimetres below the surface and probably  also 
much deeper Hildenbrandia  is frequent. Cladophora acgagropila ap p a r
ently does not appear until a greater depth, as it has only been collected 
by dredging. It seems, however, to be fairly widespread. At the sam e depth 
as Cl. acgagropila Cl. basiramosa is found. It has so fa r been seen only 
in sparse filam ents on the stones. Rhizoclonium  hieroglyphicum  grows 
rather frequently together with Cl. acgagropila. The alga observed in the 
drifting Cl. fracta tangles is probably the same Rhizoclonium  species.
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Fig. 8. View from  E astern  Ringsjön at Fogdarp illustrating the white belt of limy 
rem ains of Ulothrix zonata. 18.5.1947.

On the stones at such a great depth as 60 to 70 centim etres it is possible 
to find  Chaetophora elegans, Coleochaete orbicularis and Rivularia 
Biasolettiana, th a t is species, w hich in the  turbid low land lakes only 
colonize the most shallow  zone. Nostoc sphaericus and H ildenbrandia  
are seen 111 a sim ilar situation. M any o ther epilithic algae occur in 
shallow water, for example, Tolgpothrix tenuis, Chaetophora incrassata, 
Schizochlam ys gelatinosa, Stigeoclonium  sp. and St. farctum . The stones 
are often coated w ith a th ick  calcareous crust, containing several blue- 
green algae, e.g., Iiivularia  and Calothrix. A sterile Spiroggra  sometimes 
form s a green belt 011 the stones at the sam e depth as Cladophora glo
merata. As the reedsw am ps are relatively few and thin, only a small 
num ber of sam ples of the epiphytic vegetation has been collected. Sti
geoclonium  spp. (i.a. farctum ) are very w idespread, and in addition the 
following typical species are frequent: Coleochaete orbicularis, Gloeo- 
trichia P isum , Chaetophora elegans, Ch. incrassata etc.

T he m ost strik ing featu re of the algal vegetation is the m ass develop
m ent of filam entous algae on the bottom  and am ong subm erged plants.
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In  sum m er all h igher vegetation is a t several places entangled in  choking 
algal threads. In W estern Ringsjön Cladophora is the chief com ponent, 
but the genera Oedogonium, Spirogijra etc. are also represented. In 
E astern  R ingsjön an d  especially in  Siitoftasjön Oedogonium  plays the 
greatest p a rt, even if also Cladophora and  Tolypothrix lanata  a re  in 
cluded in the offensive algal masses.

D a g s t o r p s s j ö n .  Ulothrix zonata  is absent, b u t in early  spring 
the stones are covered w ith a beautifully  green-shim m ering m at of U. 
tenerrima  out to a depth of about 2 decimetres. Chaetophora elegans 
grows in sm all cushions on stones and  reeds at that time. On the shady 
southern shore the algal grow th is insignificant w ith the exception of 
diatoms. In May U. tenerrima  d isappears leaving 110 trace. In  the diatom  
coat on the stones a Stigeoclonium  species is to be found. On the 
northern  boulder-rich shore Draparnaldia glomerata  grew in May 1948 
at the m outh of a runnel. No Cladophora species have been encountered. 
In  sum m er the stones are provided w ith a thick green zone of Spiroggra. 
The epilitliic vegetation in  sum m er comprises i.a., the following species: 
Tolypothrix tenuis, R ivularia borealis, Tribonem a  sp., Chaetophora  
elegans and Coleochaete orbicularis. The reed epiphytes are readily 
seen to the naked eye. Several species are included, e.g., Coleochaete 
orbicularis, Gloeotrichia Pisum , Stigeoclonium  farctum , Chaetophora  
elegans, Stigeoclonium  sp. and  Coleochaete pulvinata.

K v e s a r u m s s j ö n. As in the preceding lake a m acroscopical 
Ulothrix zonata  zone is absent. Single microscopic filam ents have how 
ever, been found. In April the stones are covered w ith a short coat of 
U. tenerrima. The developm ent of diatom s is very rich a t this time. 
Chaetophora elegans is also a frequent epilitliic alga. Later on Clado
phora fracta  is ra ther com m on am ong the h igher p lants in  shallow  
w ater together w ith Oedogonium, Mougeotia and Spiroggra. In  sum m er 
a belt of Spiroggra appears 011 the stones out to a depth of a few deci
metres.

By dredging it has been established th a t Cladophora aegagropila 
grows 011 the stony bottom  in the northern  part of the lake. It is also 
to be found on shells of Anodonta. The epiphytic vegetation on reeds 
is not especially conspicuous. The following species are the m ost dom in
ant com ponents: Chaetophora elegans, Coleochaete orbicularis, Batra- 
chosperm um  m oniliform e, Stigeoclonium  farctum , St. sp.. Bulbochaete 
and  several filam entous green algae.

T j ö r n a r p s s j ö  n. Also here a Ulothrix zonata  zone is absent. It 
is replaced by a green cover of U. tenerrima. A m ucilaginous Stigeoclo-
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ilium  sp. and Chaetophora elegans are also easily observed in  spring. 
Batraclios perm  um  monili form e  is on account of its grey-brow n colour 
m ore difficult to distinguish from  Ihe diatom  cover. Tetraspora gelati- 
nosa sacks are frequent at a depth of about one decimetre. In  sum m er 
the stony shores are provided with a Spiroggra belt, w hich to a certain 
extent resembles the Cladophora zone in a low land lake.

Cladophora aegagropila has probably a wide distribution in  the lake, 
but does not occur in  the shallow zone. In the calm  bays large masses 
of algae cover the water-surface. They are composed of filam entous 
Conjugatae, Oedogonium, Tolgpotlirix lanata etc. In  samples from  these 
algal com m unities Nodularia spum igena  var. maior has been recorded. 
This blue-green alga is not listed from  the o ther lakes investigated. The 
epiphytic vegetation on the reeds is abundant. Among others the 
following species occur: Tolgpotlirix  sp., Chaetophora elegans, Coleo- 
chaete orbicularis, Coleochaete pulvinata, Glocotricliia P isum  and Sti- 
geoclonium farctum .

B o s a r p s s j ö n .  The lake is poor in species of m acroscopic algae 
as well as m acrophytes on the whole. In  spring a green algal cover is 
never developed. Diatoms are present bu t not in apparen tly  large quan ti
ties. In  brooks and ditches running  into the lake one can find  such 
species as Draparnaldia glomerata, Tetraspora gelatinosa  and Ulotlirix 
tenerrima, but on the lake shores no m acroscopic green algae have been 
observed at all a t this time. As in  the three last-m entioned lakes a green 
th ick  coat of Spiroggra is present in sum m er. The alga has never been 
seen fertile. In  the hot season the lake is also characterized by a high 
production  of Oedogonium, which m ay sometimes entirely cover the 
h igher aquatic vegetation in shallow w ater. The epilithic vegetation is 
poorly  developed. Only Chaetophora elegans, Tolgpotlirix sp. and 
H orm idium  sp. have so fa r been encountered. The num ber of epiphytes 
on reeds is also small.

F  i n  j a s j ö n. The description is founded upon a hasty  investigation. 
As the lake has not been visited in spring, it is not know n, w hether or 
not a Ulotlirix zonata  zone occurs. Cladophora fracta  is included in the 
floating algal masses, sim ilarly as in Kvesarum ssjön. A form  attached to 
reeds has also been found. The m ain part of the drifting  algae consists 
of Oedogonium  as in Bosarpssjön. In deeper w ater Cladophora aegagro- 
]>il(i seems to have a ra ther wide distribution. Cladophora basiramosa 
m ay occur on the same stones as Cl. aegagropila.

R å  b e I ö v s s j ö n. Ulotlirix zonata  form s in spring a green belt on 
the exposed shore at the limestone quarry  Balsvik. O therwise the alga
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is not especially m acroscopically apparent. Stigeoclonium  sp. is often 
interm ingled. As early as in  April small brow n tufts of Cladophora glo
merata  are to be found below the Ulothrix zone, w hich is about 1 to 2 
decimetres wide. On the large stones a t E kestad  no distinct Ulothrix zone 
is to be seen at this time, but Cladophora m ay be well developed. The 
dark-brow n diatom  cover also strikes the eye. In May the Ulothrix zone 
is generally still green, especially in the vicinity of the large spring at 
Balsvik. Below the Ulothrix zone the Cladophora tufts are developed 
still more. D raparnaldia plumosa  and Chaetophora incrassata are now 
interm ingled in the algal vegetation. At Ekestad U. zonata  begins to de
generate, and  a ra th e r distinct Draparnaldia zone is to be seen just 
above the Cladophora zone. At the western shore near Balsberget, 
fringed by beeches, no Ulothrix has been observed, and Cladophora 
form s only a narrow  belt, w hich dow nw ards is replaced by Spirogyra. 
A sim ilar Spirogyra  zone is also noted a t Ekestad. Generally Cladophora 
rem ains th roughou t the sum m er bu t becomes brow n from  diatoms.

On the stones at a depth of m ore than  2 m etres masses of Cladophora 
aegagropila have been found. At Balsvik it m ay also grow in so shallow 
water, th a t it can just be reached by hand. In turbid lakes it occurs 
mostly still nearer the water-surface. H ildenbrandia  on the other h an d  
is to be found  close to the water-surface, even on the upper parts of 
the stones.

In sum m er a rich epilithic vegetation inhabits the stones in shallow 
water. Cushion-like algae are very common, for example, R ivalaria 
Biasolettiana, Pleurocladia lacustris, Chaetophora elegans and Nostoc 
sphaericus. The reeds are also characterized by an abundant algal 
vegetation. Among others the following species have been listed: Gloeo- 
trichia P isum , Coleochaete orbicularis, Chaetophora cfr pisiformis, 
Pleurocladia lacustris, Riuularia Biasolettiana, Chaetophora incrassata 
and Ch. elegans.

O ]i p m a n n a  s j Ö n. The two localities m ost investigated are Kiaby 
and Norregård.

At Kiaby a Ulothrix zonata  zone is developed in spring close to the 
water-line on stones, twigs, wood and so on. Draparnaldia plumosa and  
Stigeoclonium  sp. are also included in  the vegetation a t this time, p re 
ferably colonizing living plants. A strong production of diatoms is also 
typical for April. In May the algal flora is im mensely rich  qualitatively 
as well as quantitatively. U. zonata  is still partly  there, and  Cladophora 
glomerata and  fracta  occur in large quantities. Draparnaldia attains 
now its m axim um , and  Stigeoclonium  is also frequent. Tetraspora
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gelatinosa form s large green sacks on the bottom  and plants. In  the low 
reedswam ps near a brook the plants are covered with a blue-green coat 
of Ulothrix tenuissima.

Below the fa rm  and  the starch factory at N orregård the green Ulothrix 
zone is visible in April a t a distance. It is about 2 decim etres wide. Also 
here a m ass production of diatom s is to be seen. In M ay a Draparnaldia  
zone is added below the Ulothrix belt. Cladophora fracta  as well as 
glomerata are common.

At a depth of 20 to 30 centim etres Cladophora aegagropila begins to 
appear accom panied by Hildenbrandia  on the lower p arts  of the stones 
a t Norregård. Som ewhat deeper the same alga grows at Kiaby together 
w ith long threads of Rhizoclonium  hieroglyphicum .

In sum m er the stones close to the w ater-line are covered w ith cal
careous crusts, especially conspicuous a t Norregård. The most common 
epilithic algae are Schizochlam ys gelatinosa, Rivularia Riasolettiana, 
Stigeoclonium farctum , Chaetophora elegans and  Ch. incrassata. The 
com position of species is very m uch the sam e at the two localities. At 
N orregård also Pleurocladia lacustris is noticed.

The reeds are likewise coated w ith a gelatinous greyish yellow cal
careous covering containing diatom s. The num ber of o ther macroscopic 
epiphytes is surprisingly small. At N orregård the epizoic species p re
dom inate. Among the m ost constant epiphytes the following may be 
m entioned: Coleochaete orbicularis, Toly pot hrix tenuis and  Chaetophora 
elegans.

L e v r a s j ö n .  On the exposed eastern shore there occurs in spring 
a well m arked Ulothrix zone. In May it d isappears gradually  and  is now 
interm ingled with Stigeoclonium  sp. The dry Ulothrix zone stands out 
as1 a white belt. Next below comes a Draparnaldia plum osa  zone, 1 to 2 
centim etres wide. Draparnaldia  m ay occur in large quantities and  grows 
on stones, wooden pegs and  other dead objects. Tufts of Stigeoclonium  
sp. are also w idespread at this time. A Cladophora zone is present below 
the Draparnaldia belt. Sometimes Spirogyra  is to be seen below the 
Cladophora zone.

The stones in shallow w ater are covered w ith calcareous crusts and 
colonized by several algal species, e.g., Rivularia Biasolettiana, Pleuro
cladia lacustris, Chaetophora elegans, Ch. incrassata, Schizochlam ys 
gelatinosa, and moreover, long Schizochlamys-Uke gelatinous colonies 
of diatom s. By dredging stones and Anodonta  shells have been collected, 
bearing Citidophora aegagropila. At a depth of 2 m etres Cl. basiramosa 
4
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grows very sparsely and  is hard ly  visible on stones, w hich on the top 
are coated w ith Cl. glomerata.

The subm erged plants, for exam ple the Characeae, are woven over 
w ith algal masses containing Cladophora. R hizoclonium  et al. On the 
w estern shore large algal tangles float on the water-surface, sheltered 
by the reedsw am ps. They are com posed by Spirogyra, Zygnem a, Clado
phora etc. On the bottom m ade up of lake-m arl blue-green algae, for 
example Anabaena cylindrical, form  mats.

The epiphytes on reeds are abundan t. Pleurocladia is very dom inant, 
and  in addition the following species m ay occur: T olypothrix tenuis, 
Chaetophora elegans, Coleochaete orbicularis, Cylindrosperm um  cfr 
stagnale, Gloeotrichia P isum  and  Rivularia Biasolettiana.

S i e s j ö n. On the whole no typical exposed shores are to be found 
in the lake because of its sheltered position. Therefore, the absence of 
algal zones characteristic of such habitats is not surprising. U lothru  
zcnata  occurs only in microscopic threads. Cladophora glomerata  has 
a very limited distribution. Draparnaldia plumosa  has only been ob
served at one locality, w here it. however, in May— June 1948 exhibited 
an abundan t development.

As could be expected, Cladophora fracta  is a common algal species. 
Characteristic is also a m ass occurrence of Chaetophora incrassata. 
D uring the sum m er 1948 gelatinous colonies of Aphanothece prasina the 
size of plum s, floated am ong w ater-plants at the water-line. Also Tetra- 
spora gelatinosa was a frequent species in the late spring th is year.

The epilithic algae include the common species, typical for the 
m ajority  of the low land lakes (table 2). The epiphytic vegetation on 
reeds is very abundant. The species recorded are the sam e as in the 
o ther lakes w ith a sim ilar location. Batrachosperm um  m oniliform c  
occurs on both stones and  p lants. In the calm sections w ith rich  sub 
merged vegetation the developm ent of filam entous algae is enormous. 
Spirogyra predom inates in the algal masses, which otherw ise include 
Cladophora, Mougeotia, Zygnem a  and Tolypothrix tenuis.

V ä s t e r s j ö n  a n d  R ö s j ö n. Stony and exposed shores are com 
mon. In both lakes Ulothrix zonatci belts are to be found in spring, but 
they are m ost extensive in Västersjön. In Rösjön the m acroscopic occur
rence is restricted to a short part of the northern shore on both sides of 
a runnel. Single microscopic threads are probably interm ixed in the 
algal vegetation even at o ther localities. W hen the w ater-surface is 
lowered at the end of May the Ulothrix zone m ay be recognized as a
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grey to white border. The m ost common followers of Ulotlirix are even 
here Draparnaldia  and Stigeoclonium. (They also constitute im portan t 
elements in  the vegetation of the brooks.) In spring the stones are 
covered in m any places with a green coat of Ulotlirix tenerrimo.

Clodophora glomerata  and  fracta seem to he absent. Cladophora 
aegagropila, gathered by dredge from  a depth of some metres, has a 
wide distribution, especially in Västersjön. Nostoc Zetterstedtii som e
times lies on the shores w ashed up in large quantities.

Among the subm erged plants and on the bottom an  immense develop
ment of Zygnem a, Spirogyra, Oedogonium etc. is to be found, w hich 
recalls the conditions in Sätoftasjön and Bosarpssjön.

The epilithic as well as the epiphytic vegetation com prise partly  other 
species th an  those in the preceding lakes, especially the lowland lakes, 
only some of w hich have been identified here. On the stones the blue- 
green algae predom inate, e.g., D ichothrix  sp., Stigonema  sp., Pleuro- 
capsa sp.. Riuularia borealis, and Oscillatoria splendida. Of the green 
algae Chaetophora elegans is very frequent. The reed epiphytes include 
some species, well know n from  the lakes m entioned previously, e.g., 
Gloeotrichia P isum , Coleochaete pulvinata, C. orbicularis, and Stigeoclo
nium  farctum . Such a m ass development of Chamaesiphon  sp. has, 
however, never been seen in the other lakes studied.

Some aspects of the distribution of the algae studied.

In  table 2 a survey of the algae best studied are given. In  addition 
to the preponderating m acroscopic form s some m icroscopic algae are 
also included, bu t only those readily observed and identified.

Among the M y x o p h y c e a e  the following species seem to be 
ubiquists w ithin the area investigated: Gloeotrichia Pisum , Tolypothrix  
tenuis and Nostoc cuticulare (?). Some have a distribution showing no 
distinct tendencies. O thers are know n from  too few localities to be 
classified. One species, however, is apparently  restricted to group A, 
nam ely Riuularia Biasolettiana. Riuularia borealis is possibly confined 
to groups B and  C. Stigonema  sp. and Pleurocapsa sp. belong to group 
C. On the whole, the num ber of blue-green algae determ ined is too small 
to perm it a characterization of the lakes. One can, however, trace a 
certain  groupage of them, as Riuularia Biasolettiaiui d isappears as soon 
as th e  lakes are situated on Archaean rocks. The blue-green algae are 
num erously represented in all the lakes, m ainly m icroscopic forms, and
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a specialized investigation on their d istribution  would certainly give 
elucidating contributions to the characterization  of the lake types.

Two fairly  large Nostoc species have been recorded in the lakes 
studied, viz. N. Zetterstedtii and  N. sphaericum . The form er has long 
been know n from  so-called oligotrophic lakes [cf. e.g., T h u n m a r k  1931 
and  L i l l i e r o t h  1950 b). It is restricted w ithin the area investigated to 
Västersjön and  Rösjön, where it, however, appears in  large am ounts. 
The latter grows as ra th e r sm all cushions (tip to 5 millimetres) on the 
stones in Råbelövssjön and Ringsjön w ith in  a zone below the w ater- 
surface down to a depth exceeding 70 centim etres in the first-m entioned 
lake and  50 centim etres in  the last-m entioned. On the o ther hand , 
Nostoc pruniform e  has not been observed. This alga is registered from  
Swedish localities by, am ong others, W a e r n  (1938) and S t å l b e r g
(1939). K a n n  (1940) reports it from  Grosser Plönersee. According to 
these authors it can occur both epilithically and  epiphytically.

Among the C h  1 o r  o p h y  c e a e the following species are a p p a r
ently ubiquitous: Chaetophora elegans (collective species?), Cladophora  
aegagropila (collective species?), Coleochaete orbicularis, C. pulvinata  
H orm idium  subtile, Tetraspora gelatinosa  (probably a collective species 
in the sense of the author) and  Ulothrix zonata. R hizoclonium  hieroglg- 
phicum  is also possibly ubiquitous, bu t it has been too little observed 
perhaps on account of the fact th a t it has been overlooked. Geminella 
interruptu  and Schizochlam ys gelatinosa seem to be confined to group A.

A distinct borderline is to he found between the lakes as fa r as the 
green alga-flora is concerned, nam ely the Cladophora-limit. Cladophora 
denotes here Cl. glomerata  in a wide sense com prising all the species of 
Eucladophora. Generally one can find both  attached and  floating Clado
phora form s in the sam e lake, if otherw ise suitable habitats are available. 
Only in Kvesarumssjön and  F in jasjön  is it som ewhat uncertain  w hether 
Cladophora glomerata sensu strictu  is really to be found. The latter lake 
is, however, poorly studied. The Cladophora limit does not entirely 
coincide with the distinct m acrophyte lim it between group A and 15, as 
it is observed in two lakes belonging to group B (Kvesarumssjön and 
F injasjön). These two lakes, however, deviate som ewhat even as regards 
the higher vegetation and  the hydrochem istry  from  the others w ithin 
the group (cf. p. 18, fu rtherm ore L u n d h  1951 b and A l m e s t r a n d  1951).

A distribution on the whole agreeing w ith that of Cladoj>hora dis
cussed above is dislinctive of the following algae: Cladophora basira- 
mosa, Chaetoi>hora incrassata and  Draparnaldia plumosa. The localities 
know n are, however, not num erous enough for the form ulation  of
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definitive conclusions. A plumoso-like Draparnaldia  has been noted in 
Rösjön, but otherw ise Dr. glomerata  seems to predom inate in  the 
A rchaean lakes, if one judges from  the som ew hat uncertain  determ ina
tions of the species. It is in  any case obvious th a t the typical plumosa, 
such as it appears in the rivers and brooks of the lowland, does not 
occur in the brooks debouching in the A rchaean lakes investigated.

The epiphytes frequently occurring on Cladopliora, Aphanocliaete 
repens and  Uronema ccnfervicolum , w hich have been included in the 
table 2, as they are easy to recognize, grow also on Oedogonium. T here
fore, findings are present even from  lakes lacking Cladophora.

Ulothrix zonata  m ay occur in all the three groups. It is notable that 
w ithin group B it has not been found growing in macroscopic belts (with 
the reservation for F injasjön. which has not been visited in sp ring). 
In Rösjön it appears as patches visible to the naked eye only at one 
locality below a runnel. In Västersjön the alga has a ra th e r wide d istri
bution along the northern  shore.

Ulothrix zonata  grows mostly 011 more or less exposed stretches of 
stony shore. W hen it exhibits a m axim al development it inhabits not 
only stones, but also sand grains, w ater-plants and all kinds of dead 
objects lying in the water, e.g., bricks, bottles and so on. According to 
O b e r d ö r f e r  (1928) the alga seems to be favoured by contam inated 
water. Its occurrence within the area investigated does not directly con
tradict this assum ption, as most of the lakes are more or less polluted. 
T he lowland lakes, w here it is absent, are, however, not at all less 
contam inated th an  the others. It is apparen t th a t Ulothrix in several 
cases, w here it has a lim ited distribution, for example in Börringesjön 
and  Ellestasjön, is distinctly restricted to the m ouths of runnels (and 
covered drains). It is ra th e r futile to discuss the possible causes of this 
fact w ithout know ing th e  ecological requirem ents of the alga and 
w ithout possessing exact analyses of the factors that m ight be involved. 
It m ust then be borne in m ind th a t also o ther factors than  those gener
ally suggested, e.g., the supply of oxygen and the w ater tem perature, 
m ay be included. The content of carbon dioxide or the occurrence of 
m inim al am ounts of m ore or less unknow n substances m ay be involved. 
Such studies, however, are beyond the scope of this investigation. It is 
in any case clear th a t flowing w ater or spring w ater is in some m anner 
appropria te  for the growth of Ulothrix, as the tufts rem ain  for the 
longest time around the very m outh of the runnel or the spring. In 1949 
the alga grew throughout the sum m er close to the spring at Balsvik in 
Råbelövssjön. In the Scanian lakes the Ulothrix belts d isappear in May,
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but in V ättern ( S t å l b e r g  1939 ;md private com m unication) and  H jä l
m aren they are still green as late as in July. Inform ation  on the occur
rence of Ulothrix in June is to he found in the literature ( B r u t s c h y  1922 
and G o d w a r d  1937).

According to F j e r d i n g s t a d  (1950) U. zonata  is com posed of two 
ecological strains. As fa r as the au tho r is aw are, the d istribution in  the 
Scanian lakes gives no certain  proofs of the assum ption that two form s 
are included, hut the possibility is not excluded.

Concerning the distribution of the green algal species not m entioned 
above no reliable conclusions can be draw n on account of the insuffi
cient num ber of localities.

Only three genera of R h o d o p h y c e a e  are listed in the table. 
Asterocytis and H ildenbrandia  are interesting in this connexion, as 
they are completely confined to group A. The form er appears as a 
common epiphyte on the ■Eucladophora  species. It has also been 
observed on Chtdopliora aegagropila, and probably  it can also inhab it 
other substrata. Thus the alga would not be restricted to the Cladophora 
lakes, if no other factors checked its growth. It m ay be noted in passing 
tha t Börringesjön and  Ellestasjön, both on the whole fairly  poor in 
sessile algae, are characterized by a rich grow th of Asterocytis. Nor as 
fa r as the substratum  is concerned do there seem to exist any obstacles 
for the spreading of Hildenbrandia  w ithin the entire area investigated. 
Batrachosperm um  is only poorly represented in the lakes studied. B. 
m oniliform e  shows a ubiquitous tendency, w hereas B. vagum  probably 
is confined to the lakes on the ridge H allandsåsen.

P h a e o p h y c e a e  are rarely  seen in Ihe lakes studied. Heribau- 
diella fluviatilis, w hich has a relatively wide distribution in Central 
Sweden in flowing w ater and  at least in some lakes ( I s r a e l s o n  1938 and 
W a e r n  1938), is not observed in any lake investigated. I s r a e l s o n ,  who 
has m ade extensive investigations, has not recorded it from  any Scanian 
locality no t even in flowing water, which indicates that it is absent or 
very little d istributed here. Pleurocladia  does not seem to be so common 
in the province as m ight have been expected. According to I s r a e l s o n  
(I.e.) it occurs w ithin Scandinavia in U ppland and  D enm ark. K a n n
(1940) has reported  it from  North Germ any as frequent in Grosser 
Plcnersee, Kellersee and Dieksee. In Scania, however, it will probably 
not appear to be w idespread in the lakes, even if more localities are 
discovered. In the K ristianstad lakes the alga is now com m only dis
tributed on stones and  reeds. The num ber of localities know n is small, 
but it illustrates ra ther clearly tha t the species is restric ted  to group A.



Some features of the extra Scanian distribution of th e  algae  
confined to group A.

T he lite ra tu re  concern ing  the  algae d iscussed h e re  is n o t v ery  co m prehensive . 
O nly w o rk s fro m  a rea s  w ith  a sim ila r c lim ate  an d  geology a re  considered  
below . In  ad jac en t reg ions lake investiga tions have  been  p e rfo rm e d  in L. Ullevi- 
fjiird en  ( W a e r n  1938), T å k e rn  (Du R i e t z  et al. 1939), V ä tte rn  (S t å l i s e r g  
1939), Å land lakes (C e d e r c r e u t z  1934), P lö n e r  lakes (K a n n  1940), W inder- 
m ere (G o d w a r d  1937) an d  B ran d en b u rg e r lakes ( P a n k n i n  1941). T h e re  are  
also p la n t g eo g rap h ica l w orks fro m  the  B altic  S ta tes c a rr ied  o u t by  S k u j a  
(1926— 28) and  M ö l d e r  (i.a. 1944, 1945 an d  1946). A lgological w o rk s  fro m  
flow ing  w a te r  a re  m ore  n u m ero u s, fo r exam ple , C e d e r g r e n  (1938), A n d e r s - 
s o n - L u n d h  (1948), I s r a e l s o n  (1949), F j e r d i n g s t a d  (1950), B u d d e  (1930, 
1932 an d  1935), F r i t s c h  (1929) and  B u t c h e r  (1932 a an d  b, 1940 an d  1946). 
T he ecological co n d itio n s of these  tw o types o f w a te r a re  a t leas t p a rt ly  of 
d if fe re n t n a tu re , e.g., as reg a rd s  Ihe w a te r conversion . F o r  th is  reaso n  the 
a u th o r  h as re s tr ic ted  h e rse lf to study ing  the lake  li te ra tu re . O n ly  th is  can  be 
co m p ared  w ith  th e  resu lts  o f th e  p resen t investiga tion . T o th e  ex ten t th a t  in 
fo rm a tio n  of the d is tr ib u tio n  o f  algae re s tr ic ted  to  g ro u p  A is to  be fo u n d  in 
the lite ra tu re , they  h ave  genera lly  been  no ted  from  ca lcareo u s a n d  eu tro p h ic  
lakes ( K a n n  I.e., W a e r n  I.e. an d  P a n k n i n  I.e.) o r  »P o tam ogeton  lakes» (C e 
d e r c r e u t z  I.e.). As concerns G em inella  in te rru p ta  an d  S ch izo c la m g s gelati- 
nosa  in fo rm a tio n  is ab sen t o r sparse . T he fo rm e r  is reg is te red  fro m  L ake 
W in d erm ere , a lake , w h ich  o n  acco u n t o f its geological lo ca tio n  h a rd ly  
resem bles the S can ian  lo w lan d  lakes (G o d w a r d  1937 and  P e a r s a l l  1921). 
T he  la tte r  is n o t listed  from  an y  n e ig h b o u rin g  lakes, b u t, on the  o th e r  han d , 
it is considered  b y  I s r a e l s o n  (1949) as a  d if fe re n tia l species fo r  h is  7,ijgnema  
type  of flow ing  w ate r. T he rem ain in g  species d iscussed  here , h o w ev er, belong 
to h is  V aucheria  type , w h ich  is ch a rac te riz ed  by  a spec ific  co n d u c tiv ity  
(x2o ■ 10°) o f m ore  th a n  60— 100. (R ivu laria  B ia so le ttiana  a n d  G em inella  in ter
ru p ta  a re  n o t m en tioned .)

H ildenbrand ia , to  w h ich  m u ch  a tten tio n  h as been  given in th e  las t decades, 
has been  observed  in  m an y  d if fe re n t lake m ilieus fro m  a d e p th  o f 90 m etres 
in L ak e  G arda  (Z i m m e r m a n n  1928) an d  30 m e tre s  in V ätte rn  (S t å l r e r g  1939) 
to th e  m ost sha llow  li tto ra l zone in e.g., th e  P lö n e r  lakes (K a n n  1940 an d  
1945). In b ro o k s  a n d  rivers  it a p p e a rs  on  d iffe ren t sn b s tra ta  a n d  in w a te r of 
varied  q u a litie s  (S k u j a  1926, F r i t s c h  1929, G e i t l e r  1932, I s r a e l s o n  1942 
a n d  TARNAVSCHI 1943). T he  red  a lga grow s, fu r th e rm o re , also  in tro p ica l lakes 
( IU i t t n e r  1936). ZlMMERMANN (1928 p .  12) h as  suggested  th e  p o ss ib ility  th a t 
it is a collective species, a n d  S t a r m a c h  (1928) h as  fo llow ed  th is  line of 
th o u g h t. T h e  d is tr ib u tio n  of H ildenbrand ia  in Sw eden is a p p a re n tly  confined  
to  e lec tro ly te -rich  w a te r ( I s r a e l s o n  1942), th u s  qu ite  ag ree in g  w ith  the 
S can ian  d is trib u tio n .

R esults.

The aim  of the study of the m acroscopic algae has been to establish 
in w hat degree the groupage of the lakes according to the composition
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of the m acrophyte vegetation is substantiated  by the algal vegetation. A 
division of the lakes exclusively according to the algae could no t be 
thought of, as the au th o r is no t sufficiently well versed in  the a lgal 
system atics to be able to identify  all the species present. Uncertain d e te r
m inations should no t be published w ithout reservations. A list of species 
which does not m eet this criterion will not m ake the science richer. As 
fa r as these algae are concerned, great experience is required in m an y  
instances to be able to determ ine the correct nam e of the species. T here  
are probably num erous examples in the literature where d ifferen t 
authors have had  divergent opinions regarding the same species. (Often- 
most this cannot be proved, as the m ateria l is seldom available fo r re 
examination.) Note for exam ple S a u e r ’s and K a n n 's  divergent con 
ceptions of one and  the sam e species (K a n n  1945, p. 22). A critica l 
attitude tow ards one’s own determ inations as well as those found in the 
literature is most essential.

In investigations of the foregoing type all m aterial m ust be classified, 
even if the specim ens are not fully satisfactory or only such stages of 
development are present th a t are  not furnished w ith the charac ters 
decisive from  the system atic point of view. Under such circum stances 
the defects of the floras available are most obvious. In this case the 
floras are ra th e r old and  their au thors often adm it tha t the keys for 
determ ination are im perfect. It is very difficult to exam ine form s, w hich  
are not w hat the taxonom ists call typical. A specimen is considered 
typical by a taxonom ist, if it agrees w ith his idea of the species, w hich  
is founded upon the orig inal description once given. To an ecologist a 
specimen could ra th e r be said to be typical, if it belongs to the form  
most common in a district, and  the typical form  of the taxonom ist has 
but a lim ited value for him . Instead he m ust know the total variation  
of the species or ra th e r of the unit with identical ecological requirem ents.

In  ecological in v es tig a tio n s  it is necessary  to w o rk  w ith  u n its  w ith  id en tica l 
ecological req u irem en ts  (eco types acco rd in g  to T ubesso n  1922). T h ese  do n o t 
a lw ays co incide w ith  th e  tax o n o m ica l u n its , the  species a n d  its su b sec tio n s . 
T hey  m u s t as reg a rd s  p r im itiv e  o rg an ism s he based  p re fe ra b ly  u p o n  m o rp h o 
logical c h a ra c te rs  an d  th e re fo re  becom e to a ce rta in  ex ten t sub jec tive . T he  
b a rr ie r  o f s te rility  c a n n o t be em ployed . Physio log ica l d iffe ren ces w ill fo r  th a t 
reason  be  neg lec ted  to a la rg e  ex ten t.

W hen  try in g  to a r r iv e  a t th e  ecological u n its  in field  stud ies, one m u s t 
thus , as long as e x p e rim e n ta l re su lts  a re  n o t availab le , no t u n d e rv a lu e  the  
im p o rtan ce  of slight m o rp h o lo g ica l v a ria tio n s  w hich  by  the ta x o n o m is ts  a re  
te rm ed , fo r  exam ple, fo rm a  o r  varie tas . So-called e u ry to p ic  species w ill p o ss ib ly



on ca re fu l s tu d y  p ro v e  to  be com posed  o f tw o o r  m ore  eco log ically  d if fe re n 
tia ted  s tra in s  an d  th u s  no t so in d iffe re n t as they  ap p ea red .

E ven  m o d ifica tio n s  on acco u n t of th e  h a b ita t can  also  be o f va lue  from  
the ecological p o in t o f view . Such m o rp h o lo g ica lly  u n e q u a l fo rm s  sh o u ld  be 
k e p t a p a rt, a lth o u g h  th ey  a re  n o t genetica lly  se p a ra ted .

If is apparen t th a t several groups of algae a re  in need of a renewed 
revision. In this m anner the entire related com plex of species m ust he 
treated at the sam e time. In addition to the system atic w ork proper, 
m ore im portance should be given to the ecological differences which 
have been observed in field studies, and, fu rtherm ore, the possibilities 
offered by experim ental research for the solution of the problem  should 
he utilized. The life-cycle of the species m ust often he studied by culture 
experim ents. Sometimes a technique has been em ployed in algological 
field studies m aking a certain observation of d ifferent stages of develop
m ent possible. B u t c h e r  (1932 b) and  G o d w a r d  (1934) placed slides in 
w ater w hich w ere then exam ined at regular intervals.

An example of the difficulties of the field science in solving an ap p a r
ently simple species problem  is the discussion of the three species be
longing to Eucladophora (cf. p. 29).

By experim ental w ork it is conceivable tha t a relationship  can be dis
covered between form s oftenm ost habitually  well distinguished. U s p e n s -  
k a j a  (1929— 30) has, for example, obtained Stigeoclonium -like types 
from  Drajiarnaldia glomerata  by increasing the n itrate concentration 
in the n u trien t solution.

P r i n g s h e i m  (1950 a) recom m ends a co-operation between laboratory 
and  field work. Investigations in Sw itzerland are also conducted after 
a sim ilar program . Cf. J a a g  (see p. 28) and  V i s c h e r  (1950). V i s c h e r  
(private com m unication) em phasizes the im portance of trying to obtain 
ecological units w hich can he used as indicators of various milieus. It has 
been proved th a t hab itually  very agreeing form s can in agar cultures react 
in quite d ifferent m anners and  thus are to be considered as ecologically 
well distinguished types. This coincides com pletely with the au th o r’s 
opinion th a t one m ust carefully  differentiate the system atic conception 
species and  the ecological unit, which are not alw ays identical.

T he list of species (table 2) com prises not only the species most in 
teresting in this connexion, nam ely those show ing a definitive tendency 
in their distribution, but also several which have been observed at an 
insignificant num ber of localities and  therefore are not especially valu
able in an eventual groupage of the lakes. T hey may, however, to a 
certain  extent contribute to a characterization of the lake vegetation
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and are perhaps of some interest from  a phytogeographical point of 
view. The algae th a t have been determ ined only to the genus, e.g., 
Spirogyra  have not been included in the table, as they cannot have either 
phytogeographical or ecological interest.

It seems, as if there is a special borderline between the lakes of 
group A on one side and  Ihe lakes of group B and  C 011 llie other also 
as regards the m acroscopic algae. To group A the following species are 
alm ost com pletely restricted: Rivularia Biasolettiana, Cladophora glo
merata, Cl. fracta, Schizochlam ys gelatinosa, Pleurocladia lacustris, 
Asterocytis smaragdina  and Hildenbrandia rivularis. A sim ilar d istri
bution, but not so well delim ited, is characteristic of Draparnaldia  
plumosa  and  Chaetophora incrassata. To group C the following algae 
seem to be bound: Pleurocapsa sp., Stigonem a  sp., Nostoc Zetterstedtii 
and Batrachosperm um  vagum . As am ong the m acrophytes no species 
are exclusively restricted to group B.

E co log ica l  remarks.

The m acroscopic algae exhibit a groupage of species w hich in its 
m ain features agrees w ith tha t of Ihe investigated p lan t groups p re 
viously discussed. The m ode of life is sim ilar to th a t of the rootless 
subm erged m acrophytes. T hus they are dependent upon the w ater for 
salt absorption as well as fo r gas exchange. N utritional physiological 
studies on  these algae seem to be very few. U s p e n s k i  (1927) worked 
am ong others with Cladophora  and  concluded tha t iron is the m ost 
im portan t factor determ ining the distribution of the algae. This fu n d a
m ental im portance of iron has later been doubled (cf. p. 94). S t e e m a n n -  
N i e l s e n  (1947) has shown th a t the photosynthesis of Cladophora in 
signis (?) is badly affected by a slightly acid reaction in the water. 
Several o ther p lant physiologists have perform ed investigations on 
higher algae i.a. 011 the photosynthesis of H orm idium  and  Cladophora 
(v a n  d e n  H o n e r t  1930, v a n  d e r  P a a u w  1932, and  M a n n in g  etal. 1938).

Of the investigations m entioned the experim ents by S t e e m a n n - N i e l s e n  
with Cladophora  are especially interesting. In the lakes treated other 
Cladophora species are concerned, it is true, but it is possible th a t Ihe 
fresh w ater Cladophora species do not differ very greatly. If so, the 
in jurious effect of the acid reaction m ay explain the distinct Cladophora 
limit w ithin the area studied. The lakes lacking Cladophora are those 
which can  have the lowest pH. At the sam e tim e they are those most 
deficient in electrolytes. In conform ity with M yriophyllum  spicatum,
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Potam ogeton lucens and  others Cladophora is able to utilize b icarbonate 
for its photosynthesis.

T hus it is possible th a t a factor related to the calcium  bicarbonate 
content m ay constitu te the lim iting factor for the distribution of some 
higher algae.

C onclusions.

In spite of the fact tha t only a sm all p a rt of the m acroscopic algae 
present has been studied, it has been shown th a t they seem to be d istri
buted differently  in  the lake groups. Some species are quite restricted to 
group A and others exclusively to group C. As regards Cladophora 
experim ental evidence indicates that a t least this alga is indirectly 
dependent on the content of b icarbonate in the water. O therwise the 
ecological requirem ents of the algae have been very little studied 
experim entally.



Phytoplankton.

Distribution of the species.  

M aterial.

The aim  of ihe phytoplankton investigation has been to com pare the 
lakes in  order to establish w hether or not the differences encountered 
in their m acrophytic vegetation have any correspondence in the p lank ton

Fig. 9. P lankton from Ellestasjön. The picture is predom inated by M yxopbyceae. 
especially Microcystis species The narrow  hardly visible threads are Lyngbyd lim ne
tica. The centric diatom  Melosira ambigua is also highly frequent. Enl. 115 X. 0.8.1949.
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Fig. 10. P lankton from  Gyllebosjön. The m ain com ponents arc Peridineae, com 
prising Peridinium  Vol:ii and Ceratinm hirundinella. Enl. 115 X.  27.8.1949.

vegetation. For ihis purpose two plankton  s; / 'e s  from  every lake were 
treated here, nam ely one spring sample, gathered in April to May, and 
one late sum m er sample, collected during  the period late Ju ly  to early 
September (with the exception of Havgårdssjön, Heljesjön and  Ring
sjön), both from  the year 1949. A w inter sam ple would have m ade the 
list of species m ore complete, but the sam ple-collecting has been ra ther 
irregular during the w inter m onths. F o r Ibis reason no w inter samples 
have been examined.

Thus, ihe sam ples studied do not contain all the species occurring 
in Ihe lakes, but they reflect in broad outlines the differences in the 
com position of the phytoplankton. The species possibly overlooked can 
natu ra lly  reinforce or m odify the differences obtained. They cannot, 
however, completely invalidate the results of the investigation.

The m aterial for exam ination has been selected so tha t the samples 
were as sim ultaneous as possible. They have been collected from  a

30



Fig. 11. P lankton from  O ppm annasjön at Kiaby. It is very rich in species. The 
dom inants are Melosira granulata, Asterionella formosa  and Lyngbya limnetica.

Enl. 115 X . 6.8.1949.

boat by a p lan k to n  net of M üller silk bolting cloth No. 25 dow n to a 
depth of 0.5 m etres. U nfortunately  it has heen necessary to gather them  
w ithout paying any  regard  to the w eather prevailing. This has brought 
about a m ore o r less strong contam ination by detritus and  o ther 
suspended m atter. In the shallow est lakes the w ater is alw ays m ixed 
w ith suspended m aterial, even in calm  weather. Such w eather is in fact 
not frequent on the plains. N annoplankton has not heen studied.

In accordance w ith  the p lan  of the investigation it was im portan t to 
exclude from  the net sam ples the species w hich only accidentally 
occurred there, as these cannot he used in com parative studies. For the 
same reason it was also necessary to separate under the m icroscope the 
organism s th a t were living at the m om ent of fixation from  dead ones, 
as fa r as possible. T he diatom s, w hich often cannot he identified until 
the cell content has been removed, are probably underrepresented in 
the sam ple records, since only those have heen listed that have definitely
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Fig. 12. P lankton from  E astern Ringsjön at Hörby. It is characterized by Ceratium  
hirundinella  and a narrow  Melosira species, M. granulata  var. angustissima. No 
bundles of the otherwise frequent blue-green alga Aphanizom enon ftos-aquae  can be 

seen in the picture. Enl. 115 X . 17.9.1949.

been found living. Rare, sm all species can in  this connexion readily be 
overlooked.

The samples have been subjected to a p re lim inary  exam ination  before 
the fixation. The m ain w ork has, however, been carried  out on fixed 
m aterial.

General survey of the phytoplankton of the lakes.

Almost all the lakes are characterized by a high production of 
plankton. Svaneholm ssjön and  Tunbyholm ssjön constitute the only real 
exceptions, and they are also aberran t in  o ther respects (c /. L u n d h  
1951 b, i.d. pp. 31 and 81). In  some lakes the strong vegetation turbidity  
occasionally passes into water-bloom , for exam ple, in Vom bsjön, Sövde- 
sjön, Snogeholmssjön, E llestasjön and K rageholm ssjön, w hich especially 
in the hot sum m er of 1947 attained  prolonged high production of M yxo- 
phyceae, preferably species of Microcystis. Two of the lakes have in 
5
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Fig. 13. P lanklon from  W estern Ringsjön. This picture alm ost resembles a pure 
culture of Fragilaria crotonensis. Another diatom Melosira granulata  var. angustis
sima  also appears highly frequent in the sample. It is impossible to estim ate the 
frequency of the plankters from  a single photom icrograph. Enl. 115 X . 17.9.1949.

sum m er a  rich  development of the m acroscopically well visible blue- 
green alga Gloeotrichia echinulata, which is otherw ise absent in  the 
lakes here discussed. It is, however, recorded from  Finjasjön. W ater- 
bloom of Anabaena flos-aquae m ay sometimes occur, e.g., in Kranke- 
sjön and Råbelövssjön, but il is generally of short duration.

Although the vegetation turbidity  is ra th e r well m arked  in  the lakes, 
there are natu ra lly  quantitative variations, which could have been 
m easured by some quantitative method. Such determ inations have, how 
ever, h itherto  not been perform ed. A m ore detailed description of the 
phytoplankton  will be given in  a later paper.

Description of the plankton sam ples exam ined.

A net sam ple was collected from  an arb itrarily  lim ited area. In this 
investigation the area concerned was ra ther small, and it can therefore
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rig . 14. P lankton from  Vombsjön. If illustrates tlie typical com bination of Melosira 
(jranulcita and M icrocystis species found in many lowland lakes. The narrow  threads 

are form ed of Tribonema  species. Knl. 115 X . 1.9.1949.

he assum ed th a t its p lank ton  content was nearly homogeneous. The 
larger Ihe lake surface and  Ihe m ore irregular Hie shore lines, the 
greater the probability  will be that the p lankton content is heterogeneous 
(cf. V e r d u in  1951). T he com position of the p lankton can be q u alita 
tively as well as quantitatively  differentiated in  d ifferent parts of the 
lake. Such a large lake as Ringsjön ought to be represented by several 
net samples. The two sam ples here dealt w ith are thus insufficient to 
afford  an  adequate p ictu re of the p lankton of Ihe entire lake. They give 
only a prelim inary idea of the qualitative com position of the p lankton  
in E astern  and W estern  Ringsjön. In  O ppm annasjön plankton sam ples 
are present from  two stations, nam ely N orregård and  Kiaby (N. and  K. 
in the tables).

In  sociological-planktological literature ( T h u n m a r k  1945 b, N y g a a r d  
1949 and L i l l i e r o t h  1950 b) the content of a net sam ple is considered 
a p lankton  com m unity, which is characterized in different m anners.
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Fig. 15. P lankton from  Västersjön. Coelosphaerium naegelianum  is the dom inant 
species. The plankton in V ästersjön and Rösjön is furtherm ore characterized by 
several desmid species. A contorted form  of Tabellaria fenestrata  is also typical for 

the lakes on H allandsåsen. Enl. 115 X . 27.8.194t).

T h u n m a r k  and L i l l i e r o t h  characterize Ilie com m unity by nam ing il 
after the species w ith  the largest relative volume. This species is term ed 
the dom inant. L i l l i e r o t i i  reports in addition the species w ith  the 
highest frequency of individuals, if this is not identical w ith the 
dom inant. N y g a a r d  defines the dom inant as the species predom inating 
in num ber. He adds its absolute frequency and, furtherm ore, possibly 
the subdom inant (s) (I.e., p. 9). F inally  these investigators complete the 
descriptions w ith one or several so-called phytoplankton  quotients, 
which are based on the qualitative com position of the p lank ton  com 
m unity.

This characterization seems to be convenient for descriptions of any  
plankton sample, w hether or not il is treated  from  a sociological point 
of viewr. In the short survey below (table 3) the au tho r has endeavoured 
to characterize the sam ples on the sam e lines. The species predom inating
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as regards the relative volume (dom inant according to T h u n m a r k )  and 
the species w ith  high frequency of individuals are determ ined by ra ther 
rough estim ation. The concept of the au th o r as to individuals of colony- 
form ing species agrees with L i l l i e r o t h ' s  (19501), p. 34). The num ber 
of species of M yxophyceae, diatom s, desm ids and  chlorococcals are also 
added in order to give an  idea of the general appearance of the samples. 
The figures do not include, however, the sporadic species, as fa r as it 
has been possible to exclude them. It is assum able th a t the exam ination 
of the sam ples has not been extensive enough to include all the species 
occurring. Rare species m ay have been overlooked. The Zooplankton 
is beyond the scope of I he present investigation.

No extensive m easurem ents or counts of individuals have thus been 
carried out. In uncertain  cases two alternatives have been given for the 
dom inant or otherwise none at all. The dom inant according to T h u n 
m a r k  is in  some respects of interest. It can, for example, play an  eco
logical role by shutting out the light to the disadvantage of o ther algae 
(cf. T e i l i n g  1916, L u n d  1950, p. 17). T he frequency of individuals on a 
single occasion is of limited im portance fo r a com parative investigation, 
as the num ber m ay change very rapidly.

Thus, in  this case the qualitative com position of the p lankton will be 
of the greatest value. It is also used by the planktologists fo r calculation 
of the quotients. The au thor has not determ ined any quotients, even if 
the num ber of species has sometimes been great enough. The figures 
would only be prelim inary, since all the  species of Ihe samples are 
probably only rarely  detected. Moreover, the diverging definitions of 
eutrophy and  oligotrophy render the value of the quotients ra ther 
limited.

Of the lak es  investiga ted  as to  the m a c ro p h y te s  th e  fo llow ing  a re  lack ing  
in th e  su rv ey  below : H äck eb erg asjö n , B jö rk e så k ra s jö n , F in ja s jö n , H a m m a r
sjön  an d  A raslövssjön . F ro m  K ran k esjö n  n o  sp rin g  sam ple  is av a ilab le  on 
acco u n t o f in co n v en ien t w e a th e r on  ttie day  fo r  the excursion . 11 II is a s ta tio n  
situ a ted  in  W este rn  R ingsjön , n e a r tlie so u n d  betw een  th is  lake  an d  E aste rn  
R ingsjön. Its p lan k to n  p ro b ab ly  com es m a in ly  fro m  the  la t te r  lake , an d  there- 
species. R I lies in th e  w este rn  p a r t  o f W es te rn  R ingsjön . My =  M yxophyceae, 
Di =  D ia tom eae, De =  D esm id iae, an d  Ch =  C hlorococcales.
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Survey of the distribution of the sp ecies .

Q u a l i t a t i v e  d i f f e r e n c e s .

Species discussed.

On the basis of the records of the two plankton  samples from  each 
lake a list of the distribution of most of the species found has been 
made. (The table is, however, not published. Some p lankton groups 
are not or only partia lly  treated. Epiphytes and endophytes are com 
pletely excluded. They are dependent on the distribution of their host 
plants, and are thus of little significance in this connexion. Nor are 
Eugleninae, Cryptophyceae, Chlam ydom onadales (except Eudorina, 
Pandorina and  Volvox) and  the bulk  of Heterokontae  listed. In  the de
term ination of these groups it is generally essential to w ork w ith u n 
fixed m aterial. Of the Chrysophyceae attention has been paid  only to 
the genera D inobryon  and  Mallomonas, both  of w hich are significant 
plankton constituents and  also ra th e r easily identified. The species 
belonging to Synura  and  Uroylena are not definitively determ ined, hut 
as fa r as the au tho r is aw are, only one species is to be found in each 
lake. (Three Synura  species seem to be included. As the individuals 
from  Yddingen and  Vombsjön are not sufficiently exam ined on account 
of their rarity , the Synura  species are not given in tlie tables 4 to 6.) 
The taxonom ic units of Ceratium  are on account of their great variation 
little suitable for ecological studies. No attem pts to distinguish different 
form s of Ceratium hirundinella  have therefore been made.

The desmids have been identified w ith the guidance of draw ings and 
descriptions in the p lank ton  literature, as well as the o ther algae. It has, 
however, been more difficult for the aut hor  to obtain her own idea of 
the norm al am plitude of variation of these species, since they are quan
titatively ra ther infrequent. The species nam ed Staurnstrum  cingulum  
var. obesum  is not qui te uniform . The individuals from  Västersjön are 
apparently  large. A m easurem ent of a small num ber of individuals from  
different lakes indicates, however, th a t there exists a fairly even transi
tion from  the sm allest to the largest specimens w ith in  the district in 
vestigated. Even if the size and to some extent also the appearance of 
the species thus vary som ewhat in the different lakes, the au tho r has 
not found it possible to m ake a division into different form s The same 
holds true on the whole for Staurastrum  planctonicum . The individuals 
in Västersjön and Rösjön are som ewhat m ore robust and have a slightly
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m ore elongated body. The experience of tlie au th o r is, however, still 
too lim ited to perm it a definite decision.

In  some cases il has not been possible to determ ine the species of the 
form s, e.g., am ong the M yxophyceae, w here it can even be difficult to 
recognize the genus. Pediastrum  duplex  has been included as one species, 
bu t naturally  it is a collective species. F o r th a t reason it is of little 
interest in this connexion. Two form s ra th e r like Pediastrum  clathratum  
have been noted. They are for the present called clathratum  a and  b. 
In  uncertain  cases it is most correct to separate slightly d ifferent form s 
ra ther th an  to com bine them, as they can be ecologically differentiated. 
Tetraedron lim neticum  and planktonicum  a re  considered by S k u ja  
(1949, p. 64) to be d ifferent stages of developm ent of the sam e species. 
In the present p lankton list they seem to show a slightly divergent dis- 
tribution, and  therefore there is some reason for distinguishing them, 
until fu rther studies have been perform ed.

On the whole the determ inations of the p lankters are more easily 
carried  out th an  those of the m acroscopic algae. The interest in this 
pelagic algal group has been great for a long time. Several critical 
w orks have been published during the last years not the least by Scan
d inavian investigators ( T e i l i n g  i.a. 1941, 1942 a and  b, 1946 and 1947, 
S k u j a  1948, and N y g a a r d  1949). T he subject is also of great practical 
im portance, for example in fishery biology.

Much still rem ains to be done, however, even as regards net plankton. 
A ll-round investigations of so-called critical groups are perhaps most 
desired. Some characters so fa r used as taxonom ic characters in Pedi- 
astrum  have proved to be of no value in this respect ( S k u ja  1948, 
p. 126 et seq.). A revision of the genus is consequently needed. Even 
o ther chlorococcal groups require a fresh  exam ination. It is likely and 
in some cases stated th a t chlorococcal species appear alternatingly in 
single cells and  in colonies (c/. G r i n t z e s c o  1902, and  P r i n g s h e i m  
1950 b). Such species are perhaps now considered as two or more d if
ferent species.

T he species are, as previously m entioned, identified by m eans of 
descriptions and  draw ings in the planktologic literature. H itherto the 
au th o r has not achieved an  independent idea of the quite system atic 
questions, where conflicting opinions have been put forw ard.

Besides the literature already cited the follow ing have been employed 
for the determ inations: H u b e r - P e s t a l c z z i  (P hytoplankton d. Süss
w assers), N y g a a r d  (1945), P a s c h e r  (Süssw asserflora), R a b e n h o r s t  
(Kryptogam enflora), S m i th  (1920, 1924, 1926), T e i l i n g  (1944), W e s t
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& W e s t  (1904— 12), and  W e s t ,  W e s t  & C a r t e r  (1923). Moreover, 
special w orks have been studied when necessary.

As has already been m entioned, some algae m ay occur so rarely , that 
they have been overlooked in  the microscopic exam ination. T his is 
especially true of desm ids an d  some chlorococcals, e.g., Lagerheim ia  
and Golenkinia. It is likely, however, th a t if there exist any significant 
p lankton differences between the different lakes, they will he reflected 
in  the list in  spite of its possible defectiveness. Such differences m ust be 
based on the occurrence or absence of several species, all of w hich are 
not equally infrequent.

Form s found in  the p lank ton  w ithout being true  p lankters have not 
been listed. It is often very difficult to recognize llie euplankters. Species 
which are term ed tychoplankters in the m anuals sometimes occur so 
regularly in  the p lank ton  samples, that they must  be assum ed to be 
capable of living pelagically for longer periods, e.g., Am phiprora. Such 
species have been recorded in  the list. More sporadic form s, as for 
example Fragilaria capucina  and  Synedra ulna, w hich only sometimes 
appear regularly  and seldom in large am ounts, have, on the o ther hand, 
not been included. The Merismopedia species are considered as fairly 
occasional p lankters, bu t in  these sam ples they are com m only seen. 
They are also included in  the list.

Species w ith  a lim ited distribution.

On the basis of this unpublished list three o ther lists have been 
established (tables 4 to 6). Table 4 contains species apparently  restricted 
to the lakes in the m acrophyte chapter called group A. Table 5 com 
prises species belonging to group A and  B. Table 6 consists of species 
which have their w idest distribution in the groups B and C or are 
com pletely confined to both or one of them.

Findings from  only one lake have not been included in the tables 4 
and  5. N owhere have uncertain  identifications been listed. In table 6 even 
single records are given, however. In group C, w hich is only composed 
of two lakes, natu ra lly  findings from  only one lake cannot he omitted. 
Nevertheless the table can  easily become misleading, as far as tycho
plankters are concerned. Such species m ay happen  to he rare  or absent 
in the p lank ton  on the day for the collecting and  will therefore not be 
included in  the list. Only few of the species dealt w ith here can he 
sporadic form s, bu t e.g., the species of Merismopedia should perhaps 
be classified as tychoplankters.
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B o t a n i s k a  N o t i s e r ,  S u p p l e m e n t ,  is edited by the B ota
nical Society of Lund, Sweden, as an independent series of large treatises, 
issuing a t indefinite periods. About two or three papers together form  a 
volum e of about 400 pages. On direct application to  the Botanical 
Society the subscription fee is fo r m em bers 10 kronor, fo r others 15 k ro 
n o r a volum e. The following papers have issued.

Vol. 1 :1 . S. W a l d h e im : Kleinm oosgesellschaften u n d  B odenverhält
nisse in Schonen. 1947. 203 p.

1 :2 .  O. A l m b o r n : D istribution and  Ecology of som e South Scan
dinavian Lichens. 1948. 254 p.

Vol. 2 : 1. H . H j e l m q v is t : Studies on the F lo ral M orphology an d P h y - 
logeny of the Am entiferae. 1948. 171 p.

2 : 2 .  O. A n d e r s s o n : L arger Fungi on Sandy Grass H eaths and 
Sand Dunes in Scandinavia. 1950. 89 p., 9 pi.

2 :3 . A. Al m e s t r a n d  and  A st a  L u n d ii : Studies on the Vegetation 
and  H ydrochem istry of Scanian Lakes. I— II. 1951. 174 p.

Vol. 3 :1 . A st a  L u n d h : Studies on the Vegetation and  H ydrochem istry 
of Scanian Lakes. III. 1951. 138 p., 14 pi.

3: 2 .  O. H e d b e r g , O. M å r t e n s s o n , and  S. R u d b e r g : Botanical 
Investigations in the P ältsa  Region of N orthernm ost Sweden. 
1952. 209 p.

3 :3 . K. H. R e c iiin g e r  FIL.: M onograph of the genus Rum ex in  
Africa. 1954. 114 p.

T he series will be continued by  O p e r a  B o t a n i c a ,  Lund.

Pris 6: —  kronor.
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The table below is a survey of Ihe num ber of noil-ubiquitous species.
Species confined lo group A group A +  B group B group B +  C group C
M yxophyceae   7 20
D ia to m ea e ...........................  — 0 2 — 2
Desmidiae ...........................  3 4 — 2 14
C hlorococcales  10 20 ! 1
Tolal n u m b e r   22 52 3 4 17

II is obvious from  the table th a t the groups A and  C differ very m uch 
from  each other. Both groups have about the sam e num ber of species 
confined to each of them. Group B has very few specific species, of 
which, neither Melosira italica nor A m phiprora ornata  are considered 
as euplankters The latter have, however, not been recorded from  epi
phytic sam ples from  other lakes. The group has m any p lanktefs in  com 
mon w ith  group A and  som e w ith group C. Besides it includes some 
species (see table 6), which are preferably but not exclusively d istributed 
here an d  in group C or only here. The p lank ton  of group B thus con
stitutes a special type by possessing several form s even occurring in 
group A and at the same tim e species even occurring in group C. It 
also differs from  the o ther two groups by lacking the species quite con
fined to each of them.

W hile in  the groups A and  A +  B most of the restricted species are 
blue-green algae or chlorococcals, the desmids predom inate in  group C. 
It has been a w ell-know n fact for a long time that Archaean lakes con
tain a p lank ton  richer in desm ids th an  lowland lakes on sedim entary 
soils (c f. e.g., T e i l i n g  191(5, who has proposed the designation caledonic 
form ation  for the p lank ton  form ation in nutrient-deficient, not polluted 
lakes, th a t is characterized by richness in desmids).

F igure 16 illustrates how the four large algal groups are distributed 
counted in a percentage of the total num ber of species w ith in  the d if
ferent lakes. The M yxophyceae  predom inate in m ost of the lakes be
longing to group A and in T jörnarpssjön. In the rem ainder belonging 
to the groups A and  B the sam e num ber or more of chlorococcals occur. 
The diatom s are ra th e r homogeneously d istributed in all the lakes. The 
desmids show a very pronounced increase in group C, the M yxophyceae 
and Chlorococcales at the same tim e a striking decrease in num ber.

Table 5 includes as m entioned in the foregoing not only species 
restricted to the groups B and  C, hut also species, w hich are spread in 
some lakes of group A, although they are evidently concentrated to the 
groups first m entioned. This sporadic distribution w ithin group A is
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Fig. 16. The (listril)iilion of the planktic blue-green algae, diatom s, desm ids and 
chlorococeals in percentage of the total num ber of species. The upperm ost curve 
illustrates the bicarbonate concentrations in the lakes obtained by A i . m e s t r a n d  (1951,

table 4).

distinctive of am ong others Ihe following species: Rhizosolenia longiseta, 
M allomonas elongata, Crucigenia rectangularis and Dimorphococcus 
lunatus. They have been observed preferably in the following lakes: 
Svaneholm ssjön, Tunbyholm ssjön, Ringsjön, O ppm annasjön and  Sie- 
sjön. At no time have they been found in  th a t section of group A that 
is below called M gxophyceae-rich lakes. Svaneholm ssjön and T unby
holm ssjön have in d ifferent connexions been pointed out as being 
divergent from  the others. They are ra th e r to be considered as ponds 
and  tire Surrounded by vast fen grounds The algae m entioned are 
apparen tly  not quite random ly spread in group A, b u t the causes of 
th e ir distribution can hard ly  be discussed w ith positive result, as long 
as their ecological requirem ents are so little know n.

By studying the tables one notices a conspicuous difference in the 
num ber of blue-green algae between the different lakes. F igure 17 shows 
the variation of the M gxophyceae  in  the lakes belonging to group A and 
6
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B. As the samples are no t quite exhaustively examined, the curves m ust 
be regarded as prelim inary. The solid and  the broken curve ru n  on the 
whole parallelly, w hich indicates th a t the num ber of ubiquists is about 
the same in all the lakes. Some exceptions exist, however. In  H avgårds- 
sjön there are b u t few ubiquists, in  Siesjön, Gyllebosjön and E astern  
Ringsjön the con trary  is the case.

One Section of the group A, the M yxophyéeae-rich lakes, contains 
about 40 to 60 per cent blue-greens (Ellestasjön, F jällfotasjön, Yddingen, 
Siesjön, Börringesjön, K rankesjön, Sövdesjön, Snogeholm ssjön). The 
other section has about 30 per cent (three lakes less than  30 per cent).

The first division consists of shallow  lowland lakes, situated in  South 
Scania (except Siesjön). Generally they are sm all (cf. L u n d h  1951b, 
table 1). K rankesjön and  Börringesjön are ra ther large, b u t at the same 
time they belong to the shallow est ones. Siesjön is situated fa r from  the 
others, and moreover, it diverges in size and  geological conditions. It 
also has h igher transparency. Q uantitatively it differs from  the others, 
because it had  not attained any high production of Microcystis on the 
days for sam pling. W ater-bloom  of Microcystis has never been observed.

The M yxophyceae-rich  lakes contain  some species on the w hole con- 
finded to them . These algae are enum erated in the table below:

Species Ell. F jäll. Sie. Ydd. Börr. Krk. Sö. Snog. Opp. Krag. Söborg.
Coelosphaerium palli

dum  ..........................  1 1 1 — 1 1
Microcystis stagnahs 1 1  — 1 1 — -  1 1 1
Oscillatoria limnetica — 1 — 1 — 1 — 1 1  1 1
-  Redekei..................— 1 — 1 1 1 1 — 1

Tetracdron caudatum  1 t 1 — 1

As is seen from  the table, Siesjön differs also in  this respect from  the 
other seven lakes. It lacks all the algae listed. These are, on the other 
hand, to be found in O ppm annasjön, K rageholm ssjön and  Sövdeborgs- 
sjön, which lakes (cf. figure 17) have a high num ber of blue-green 
algae. On account of the great total num ber of species the blue-greens 
cannot show any relative dom inance, however.

Apart from  Siesjön the seven rem aining lakes thus constitute a dis
tinct type different from  the o ther m ore M yxophyceae-deficient lakes 
wi thin group A. Also from  a quantitative point of view there is reason 
for nam ing them  M yxophyceae-rich (cf. fu rther p. 88).

The second division com prises the M yxophyceae-deficienl lakes. They 
are situated on geologically heterogeneous substrata in d ifferent parts 
of the province. T heir areas are varying. D isregarding Svaneholm ssjön
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Fig. 17. The variation of the blue-green algae w ithin the lake groups A and B. 
The upperm ost curve represents the total num ber of species. The next solid curve 
shows the total num ber of M yxophyceae  and the broken curve shows the non- 

ubiquitous M yxophyceae  species in per cent of the total num ber of species.

and Tunbyholm ssjön they are deeper than  the m ajority  of the M yxo- 
phyceae-rich  lakes The visible affluents are ra th e r small in  proportion 
to the w ater volume of the lakes. Sometimes they are completely absent 
(cf. L u n d h  1951 b, ]>. 31). The w ater is generally m ore transparen t than 
in the form er section. No apparen t qualitative p lankton  differences can 
be seen (with Ihe exception of the p lankton  flora in the ponds Svane- 
holm ssjön and Tunbyholm ssjön).

If the four lakes w ithin group B are com pared am ong themselves, 
even here a difference as to Ihe num ber of blue-green algae is seen 
(figure 17). T jörnarpssjön and  Kvesarum ssjön contain about 30 to 40 
per cent Myxophyceae. The absolute figures show still m ore m arked 
differences.

Species w ith  a ubiquitous distribution.

The following species can be considered ubiquists w ithin the in- 
vestigated area:

Anabaena flos-aquae Aphanoccipsa elachista
— spiroides — elach. var. planctonica
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Coelos phaerium  kuetzing ianum
— naegelianum
Mi crocg st is aerugi nosa
— flos-aquae
— viridis
Oscillatoria Agardhii

Ce ratium  hirundinella  
Peridinium  cinctum
—  W illei

Asterionella form osa  
A ttheya  Zachariasi 
Cyclotella com ta  
D iatom a elongatum  
Fragilaria crotonensis 
Melosira ambigua  
Tabellaria flocculosa

Dinobryon divergens

Botryococcus Brau ni i
—  protuberans

Staurastrum  cingulum  var. 
obesum

— pingue
— planctonicum
— tetracerum  var. subexcavatum

Coelcistrum cam bricum  
D ictyosphaerium  pulchellum  
K irchneriella lunaris 
Oocgstis Borgei 
Pediastrum  araneosum  (?)

Gemellicystis neglecta 
Gloeocystis planctonica

Eudorina elegans 
Pandorina m orum  
Volvoz aureus

Hhizosolenia longiseta, Tabellaria fenestrata  and  M allomonas elongata 
could possibly also be called ubiquitous, as they occur in all three 
groups. As previously discussed, however, their distribution w ithin 
group A is, apparen tly  lim ited in  some way, and  they attain  their 
greatest developm ent in  the groups B and  C.

Total num ber o f species in the individual lakes.

A survey of the total num ber of species in the lakes is given below:
Hav Helje T un Bäb Levra Svan Ell Krk Fjäll (iyll Ydd Söborg Börr Sö W.Hi Vomb
23 29 35 47 48 48 48 48 50 53 53 54 57 58 60 61

E.Hi Snog Sie Krag Kia Norr Dag Bos Kves Tjörn Bö Vä
62 63 69 70 81 91 47 55 69 77 55 65

The num ber of species in the phytoplankton is relatively small. It 
varies betw een 23 (Havgårdssjön) and 91 (Norregård, O ppm annasjön) 
w ith in  group A, 47 and  77 in group B and  55 and 65 in group C. Group A
has the widest variation, but it also includes the m ajority  of the studied
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lakes. The corresponding data  from  lakes in  adjacent d istricts ( L i l l i e -  
RCTH 1950 b) give m ostly higher figures. Värsjön for exam ple contains 
160 m icrophytes, an d  even if the sum  comprises several non-planktic 
form s here om itted, it is evident th a t this highly tran sp aren t lake 
slightly affected by cul ture lias appreciably m ore p lank ton  algae than 
any of the lakes here treated. Å sljungasjön and  W estern Sorrödssjön, 
w hich have been the most subjected to hum an  interference of the lakes 
studied by L i l l i e r o t h ,  exhibit the lowest values, w hich seem to he of 
about the same m agnitude as those of the lakes investigated by the 
author. Thus the insignificant num ber of species in the latter lakes is 
likely to he due to the influence of hum an  intervention.

Tunbyholm ssjön and Svanehohnssjön are fa irly  poor in planktic 
species, but they do not show the lowest num ber in the group. It is 
strik ing tha t several of the clearest lakes have a p lank ton  deficient in 
species. The lakes richest in species include the largest ones (Opp- 
m annasjön, R ingsjön and Vombsjön) bu t also som e sm all ones, e.g., 
Siesjön.

Q u a n t i t a t i v e  d i f f e r e n c e s .

Table 7 gives a survey of Ihe highly frequent species in  the lakes 
m ainly according to table 3.

The tw o samples from  each lake studied have been gathered at times 
w hen the total p roduction  of p lankton  is usually considerable. Maxima 
of sho rter duration  appearing at o ther times have no t been exhibited 
by them , however. The table has therefore been com pleted w ith notes 
from  o ther sam pling days in 1948 and  1949. It probably  gives in form a
tion as to the m ost im portan t highly frequent algae in  the lakes.

M yxophgceae. — No lake belonging to the groups B an d  C shows a 
real high production of Microcystis species. K vesarum ssjön and  Tjörn- 
arpssjön  m ay develop m oderate m axim a of short duration. Otherwise, 
w hen these lakes a tta in  abundan t developm ent of blue-green algae, Ibis 
is generally produced by Coelosphaerium naegelianum. In Bosarpssjön 
A phanizom enon flos-aquae  causes a strong vegetation turbidity , but 
even Coelosphaerium naegelianum  m ay occur in  high frequency. High 
production  of L yngbya  lim netica  is, broadly speaking, confined to group 
A (and T jö rnarpssjön ). A bundant developm ent of the species not 
nam ed in  the table is characteristic of the lakes in group A apart from  
B osarpssjön (Oscillatoria Agardhii) and Kvesarum ssjön (Anabaena 
af f ini s).

On the whole Ihe M yxophyceae  thus atta in  high frequency of ind i
viduals only in  group A. The m ost significant exception is Coelosphae-
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riiim  naegelianum, w hich gives rise to w ater-bloom -like high p roduc
tions in Västersjön, Rösjön, Bosarpssjön and T jörnarpssjön. This alga, 
0 1 1  the o ther hand , ra th e r seldom appears in greater num ber of ind i
viduals in group A. High production  of Anabaena circinalis is som e
times to be seen in  Västersjön and  Rösjön. O therwise this species is 
only reported from  Ringsjön.

Peridineae. —  Ceratium hirundinella, which is considered a ubiquist, 
shows a high individual frequency solely in  group A, and here only in 
the m ore transparen t lakes. High developm ent of this alga has not been 
recorded from  any M yxophyceae-rich lake. But a few lakes are ch arac
terized by a high individual frequency of Peridinium  species.

Diatoms. H igh frequency of individuals of Melosira granulata  is 
not distinctive of the groups B and  C (except var. angustissim a  from  
Bosarpssjön). Nor is Fragilaria crotonensis h ighly frequent in  these 
groups, which, on the o ther hand, seem to be favourable for the develop
m ent of Rhizosolenia longiseta and Tabellaria fenestrata. Asterionella 
formosa  m ay occur abundan tly  in all the groups, and  Melosira ambigua  
and Synedra acus var. angustissim a  a t least in the groups A and  B. Of 
the unnam ed species it concerns Attheya  Zachariasi and  Nitzschia aci- 
cularis in group B and  m ainly  centric diatoms, preferably Cyclotclla 
comta, in group A. In H avgårdssjön and Levrasjön there often occurs an  
abundance of the pennate diatom s Di<doma elongatum  and  Fragilaria 
capucina. (The latter is not considered to he an  euplankter in this 
work.) T he unnam ed species constitute ubiquitous elements, a t least 
as fa r as the euplanktic form s are concerned, w ith the exception of 
Stephanodiscus astraea and  possibly Nitzschia acicularis and  Cyclotclla 
quadrijuncta. The la tter are, however, recorded from  too few localities 
to be m ore closely discussed.

Chrysophyceae. — Species belonging to the genus Dinobryon  are often 
highly frequent. Otherwise M allomonas caudata (Svaneholmssjön) and 
species of Uroglenti and Synura  (the two latter in Dagstorpssjön and 
Tunbyholm ssjön) m ay occur frequently. High incidence of Dinobryon  
does not appear in the M yxophyceae-rich lakes, nor does it seem to be 
com m on in group C. Most of the registered Dinobryon  m axim a have 
been produced by Dinobryon sociale. The m ain species is apparently  
restricted to the clear lakes in  group A. It is to be noted that several of 
the m ost highly frequent algae in Tunbyholm ssjön belong to Chryso
phyceae (Dinobryon bavaricum, I), sertularia  and those already m en
tioned) .

As has already been discussed nearly  all the lakes m ay be called 
high-productive, even if the relative values naturally  vary. Svaneholms-
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Table 7. Survey of the high-lrequent species in the years 1948 and 1949.

M yxoyhyceae.
Aphanizomenon flos-aquae: Bos., R. II, 

Snog., So., Vonib., Kia. 
Coelosphaerium naegelianum: Bos., Ell., 

Gyll., Krag., Kia., Rö., Sö., Tjörn., Vä. 
Lyngbya lim netica: Börr., Ell., Fjäll., 

Krag., Krk., Kia., Norr., Snog., Söborg., 
Tjörn., Ydd.

Microcystis spp.: Börr., Ell., Fjäll., Gyll., 
Krag., Krk.?, Ivves., Norr., Sie., Snog., 
Svan.?, Sö., T jörn., Vonib., Ydd.

Other species: Bos., Börr., Hav., Helje., 
Krag., Krk., Kves., Levra., Kia., Norr., 
Snog., Ydd.

Peridineae.
Ceratium furcoides: Dag.
Ceratium h irundinella: Gyll., Hav.,

Helje., Krag., Levra., R. II, IL I, Råh., 
Tun.

Peridinium  spp.: Dag., Gyll., Krag., 
Svan.

Diatomeae.
Asterionella form osa: Bos., Dag., Ell., 

Gyll., Helje., Krag., Krk., Kves., Levra., 
Kia., Norr., IL II, B. I, Räb., Rö., Sie., 
Snog., Svan., Sö., Söhorg., Tjörn., 
Vomb., Vä.

Fragilaria crotonensis: Gyll., Helje.,
Levra., R. I, Råb.

Melosira ambigua: Bos., Börr., Dag., 
Eli., Krag., Kves., Norr., R. II, Sie., 
Snog., Sö., Söborg., Tjörn., Vomb.

Melosira granulata: Kia., Norr., R. I, 
Råb.?, Snog., Sö., Söborg.

Melosira granulata var. angustissim a: 
Bos., Hav., R. II, R. I

Rhizosolenia longiseta: Bos., Dag., Rö., 
Sie., Vä.

Synedra acus var. angustissim a: Bos., 
Dag., Eli., Gyll., Helje., Krag., Kia., 
Norr., R. I, Sie., Snog., Svan., Ydd.

Tabellaria fenestrata: Bos., Dag., Rö., 
Tjörn., Vä.

Other species: Bos., Dag., Gyll., Hav., 
Helje., Levra., Kia., Norr., Söborg.

Chrysophyceae.
Dinobryon divergens: Dag., Gyll., Svan.
D inobryon sociale: Hav., Helje., Levra., 

Kia., Norr., R. II, R. I, Sie., Söborg.
Dinobryon sociale var. am ericanum : 

Levra., Sie.
Dinobryon sociale var. stipitatum : 

Levra., Råb., T jörn.
O ther species: Dag., Svan., Tun.

sjon and  Tunbyholm ssjön form  the only striking exceptions. T heir 
p lankton  is slightly  developed in relation to that of the others. T he 
environm ental conditions of these sm all shallow bodies of w ater m ust 
also be divergent. The m ajo r p art of the w ater surface is covered w ith  
floating leaves, which exclude large quantities of light (cf. T e i l i n g  
1916, ]>. 518), and  a great portion of the bottom  is inhabited by higher 
w ater plants.

In  sum m arizing the results it can be established tha t there exist 
evident differences between the three lake groups even as to the q u an 
titative developm ent of t lie planktic algae. This is especially well 
m arked am ong the M yxophyceae and  some diatom s. Group B differs 
from  group A in lacking water-bloom  of Microcystis and high individual 
frequency of several o ther species, e.g., Melosira granulata, Fragilaria 
crotonensis, D inobryon sociale, and instead m aintain ing high p roduc
tion of Coelosphaerium naegelianum, Tabellaria fenestrata  and R hizo
solenia longiseta. The group in  these respects approaches group C, but 
it deviates from  that group, because it is in some cases characterized
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by high frequency of e.g., M icrocystis species (Kvesarum ssjön and  
T jö rnarpssjön ), A phanizom enon flos-aqwie  (Bosarpssjön), L yn g b ya  
lim netica  "(Tjörnarpssjön) and  Anabaena af f inis  (Kvesarum ssjön). The 
lakes of group B form  a transition  between the two other groups and  
are not quite uniform  am ong themselves. Nor is group A uniform . 
The M yxophyceae-rich  lakes support high frequency of individuals of 
one or more M icrocystis species (possibly w ith the exception of K ranke- 
sjön) and  m ostly also of L yngbya  limnetica. They lack, however, m ore 
abundan t developm ent of Ceratium  and  Dinobryon  species. In  the 
M yxophyceae-deficient lakes it is quite the contrary.

Conclusions.

T he division of the lakes into three groups according to the m acro- 
phyte vegetation can he m aintained even as regards the phytoplankton. 
The low land lakes (group A) form  a distinct type w ith  several specific 
species. Rösjön and  Västersjön (group C) also constitute a quite separate 
group w ith a num ber of specific species, particularly  desmids. Bosarps
sjön, Dagstorpssjön, Kvesarum ssjön and  T jörnarpssjön  (group B) are 
hard ly  characterized by specific species bu t differ from  the o ther lake 
types, because they contain  a m ixture of species from  them  both. 11 

is true  of qualitative as well as quantitative data.
As far as the higher p lants are concerned, there occur w ith in  group A 

some lakes w hich can be distinguished from  the ra th e r homogeneous 
m ain  type because of their content of A rchaean elements, viz. Fjällfota- 
sjön, T unbyholm ssjön and Ringsjön. In  the com position of p lankton 
no such deviations com m on to them  all are to be seen.

T he p lank ton  of F jä llfo tasjön does not show any  A rchaean (caledonic) 
species whatsoever. Its character agrees w ith tha t of the adjacent lakes 
Yddingen and Börringesjön. Tunbyholm ssjön is characterized by some 
desm ids (e.g., X an th id ium ) w hich are often seen in  A rchaean lakes and 
otherw ise a sm all num ber of species. The construction of the lake m akes 
it impossible, however, to com pare it directly w ith any of the other 
lakes investigated except Svaneholm ssjön. The conditions for the 
p lanktic form s seem to deviate considerably, w hich is also reflected 
in the quantitative developm ent (cf. p. 8 6 ). T he net sam ples will 
n a tu ra lly  also usually  contain diverse benthic forms. Ringsjön m ust 
certainly be considered a ra th e r typical lowland lake. Those of the 
species m ainly occurring in the groups R and  C that are found in Ring
sjön also appear in true  low land lakes (see table 6 ).
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Of course i( cannot be proved w hether the p lank ton  of F jällfo tasjön 
and Ringsjön have previously contained Archaean com ponents or not. 
It seems, however, ra ther presum able. If the content of calcium  and 
bicarbonate, i.e. those factors showing the most significant differences 
between the groups (see the table p. 1 1 ), is com pared w ith the average 
w ith in  group A, it is observed th a t the figures for F jällfo tasjön and 
Ringsjön are tower. T h e y  are, however, h igher th an  those of group B.

F jällfotasjön and  Ringsjön are located in old agricu ltural districts, 
w here the influence of m an has been acting for a long time. The absence 
of A rchaean elements in the p lankton  m ight he attribu ted  to the fact 
that (lie culture-affected w ater has in some way been harm ful to them.

Nor is it im possible that the electrolyte content (i.a. also the ions 
discussed above) has been increased by the supply of m anure-w alei 
Thus the chem ical deviations from  the o ther lakes in group A m ight 
possibly have previously been even m ore conspicuous th an  now.

The change lias natu ra lly  been carried  011 slowly but at the same 
tim e started so early that it has now removed all traces of A rchaean 
com ponents. The lists of species given by L e m m e r m a n n  (1903— 04) 
from  the lakes do not indicate th a t any great changes in the p lankton  
content have taken place since the tu rn  of the century.

Consequently, the p lank ton  algae w ould appear to be more sensitive 
th an  the m acrophytes, w hich is explainable. T he la tter m ust, not al 
least because of th e ir greater volume, be m ore capable of resisting 
external influences.

W ith  respect to the com position of plankton ano ther difference is 
observed in group A. E ight of the lakes are strikingly Mijxoplujceac- 
rich (absolutely as well as relatively) in  com parison to the rem aining 
ones. The first section consists of sm all shallow low land lakes with 
inconsiderable transparency, the second one is com posed of lakes of 
varied area but m ostly deeper and w ith clearer w ater than  the fore
going lakes.

All lakes agree, at least qualitatively, as to the higher plants. Thus 
it is a  likely assum ption th a t also the p lankton originally m ight have 
been m ore sim ilar th an  is now the case. It is plausible that the extensive 
h um an  intervention m ight be responsible for the differences m entioned 
above. It has probably  had the greatest effect just on these sm all lakes 
w ith  an  appreciable supply of surface w ater in proportion to the water 
volume. The observations reported in the literature as concerns the 
influence of sewage fall into line w ith this suggestion (e.g., T e i l i n g  
1916, T h u n m a r k  1945 a, R o d h e  1948b, and F j e r d i n g s t a d  1951).
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According to P e a r s a l l  (1932) lakes rich in  organic substances a re  
beneficial to the blue-green algae. H u t c h i n s o n  (1944) holds tha t this is 
not definitely proved, as his ow n investigations do not speak in favour 
of it and besides several blue-greens have been cultured in  inorganic 
m edium. Even if the M yxophyceae  can hold their own on inorganic 
substrata, it is nevertheless not established tha t in  nature they are not 
prom oted m ore th an  others by organic com pounds and therefore are 
capable of supplanting other species in organically contam inated water.

More conclusive proofs m ust wait, until it has been possible to 
establish the environm ental requirem ents of the individual blue-green 
algae and their varying reactions in ecologically heterogeneous condi
tions. It is natu ra lly  necessary to attack the problem  from  two starting- 
points, i.e., not only by field observations, which has previously been the 
m ost common, b u t by studies of the special requirem ents of the o rga
nisms in  experim ents under controlled conditions.

In  the United States several blue-green algae have been kept for a 
couple of years in pure cultures partly free from  bacteria ( G e r l o f f  
et al. 1950 a and b). The investigations on the nutrition  of Coccochloris 
Peniocystis have show n that this alga requires a very high content of 
nitrogen as com pared w ith those of other essential nutrients. This fits 
in w ith the fact that the M yxophyceae  are abundant in sewage-polluted 
water. One m ay not generalize, however, since different species m ay 
have different requirem ents. It is lo be presumed, for example, that 
such algae w hich are able lo fix elem entary nitrogen ( F o g g  1942, 1947 
and 1951) can occur in  w aters w ith inconsiderable am ounts of nitrogen 
compounds. The real d istribu tion  of these algae is not known. F o g g  
(1947) is of the opinion, however, that they are of great im portance for 
the increase of the content of com bined nitrogen in na tu ra l waters.

The suggestion put fo rw ard  above as to the causal factors of the 
differences between the M yxophyceae-rich and M yxophyceae-deficient 
lakes in group A is supported by the fact that the four lakes in group B, 
which are nearly  uniform  as fa r  as the higher plants a re  concerned, 
show a sim ilar difference in respect lo the plankton composition. The 
two M yxophyceae-rich  lakes are situated in m ore cultivated or densely 
settled districts th an  the other two. (Cf. L u n d h  1951 b, figures 33 and 
35. it  is not clear, however, from  table 2, as the figures of arable land 
are m ean values for that parish  or those parishes in w hich the lake is 
located.) Kvesarum ssjön borders in the south on an  agricu ltural district 
and T jörnarpssjön  is situated at a station village and surrounded by
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sum m er houses. The shores of Bosarpssjön and  D agstorpssjön have on 
the other hand  hitherto  been free from  settlem ent of the last-m en
tioned kind.

E colog ica l  d iscuss ion  of the distribution of the plankters.

It is quite im possible to give an  exhaustive explanation of the d istri
bution of the p lank ton  species. The problem  has given rise to m any 
investigations and m any discussions. In the last years especially 
Am erican researchers have been interested in such studies. They often 
lay practical view points on the problem, preferably with respect to 
the biological production. They have also endeavoured to w ork out 
m ethods for inhibiting the water-bloom , inconvenient in m any ways.

The problem  m ust be attacked from  two sides. A good knowledge of 
the natu ra l hab itats m ust be the basis on w hich the experim ental results 
can be interpreted. By field studies one can arrive a t a  parallelism  
between some factors and  the occurrence of the organism s. By experi
m ents one has to prove if there is reason for assum ing a causal con
nexion.

The ecological factors are of three types: edaphic, clim atic and  biotic 
factors. Under na tu ra l conditions all types are alw ays involved, and 
therefore none m ay be disregarded in ecological discussions.

It has been proved th a t the sam e species w hich has a high production 
in one lake m ay be regularly  present in another lake but only in  single 
individuals. Thus d ifferent com binations of factors seem to be necessary 
for the qualitative occurrence of a species and  for the m ain tainance of 
high production.

Qualitative occurrence.

E d a p h i c  f a c t o r s .  The different qualitative distribution of the 
p lankters has generally been attribu ted  to the edaphic factors. It has 
been believed tha t certain  so-called »nutrient exacting» (eutrophic, 
eutraphent) species require such a high concentration  of one or several 
essential nutrients, th a t they  can only grow in certain waters »rich in 
p lan t nutrients» (eutrophic). Cf.  T h u n m a r k  (1948, pp. 19 to 20) and 
L i l l i e r o t h  (1950 a and 1951). The term s »rich in nutrients» and  »de
ficient in nutrients» seem to bear on the total content of electrolytes, 
w hich can easily be determ ined. Even the land plants are divided into
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e u tro p h ic  a n d  o lig o tro p h ic  sp ec ie s  a c c o r d in g  to  th e ir  s u p p o se d ly  d i f f e r 
e n t  n u tr i t io n a l  re q u ire m e n ts  ( H å r d  a v  S e g e r s t a d  1924 a n d  A lm q u i s t  
1929 a m o n g  o th e rs ) .

Essential nutrients. Since phosphorus and  nitrogen are present in 
w ater in insignificant concentrations, it is p lausible to consider them  as 
theoretically  lim iting factors.

Field studies have also largely established a lower content of phos
phorus and  nitrogen in  electrolyte-deficient lakes, tha t is in  so-called 
oligotrophic lakes. L o h a m m a r  (1938, pp. 180 and 182) states th a t the 
to ta l content of nitrogen and phosphorus tends to be som ew hat h igher 
in  his electrolyte-rich w aters (cf. R o d h e  1951). J u d a y ’s analyses (1942 
j). 108) also give lower values for soluble phosphorus and  n itra te  in the 
two electrolyte-deficient lakes. Only an  inconsiderable am ount of data 
is available concerning the content of phosphorus and  nitrogen in  the 
lake w aters com pared w ith the fa irly  extensive analytical m aterial w hich 
is to be found as regards, for example, the specific conductivity, h a rd 
ness and  chloride. Now that exact analy tica l m ethods are available it 
is no  longer difficult to obtain  accu ra te  values. It is, however, not 
equally  simple to obtain a close correlation  between the distribution 
of the p lankters and  the concentrations of phosphorus and nitrogen, 
as long as it is not know n exactly how  the algae supply their need of 
the two substances. The sam e to tal content of phosphorus can be 
unequally  available for the p lan ts in two lakes, because it m ay occur 
in d ifferent com pounds. Besides, in  hum ic w ater the phosphate ions are 
strongly  fixed to the hum us colloids (O h l e  1937 and 1940, Åb e r g  and 
R o d h e  1942). (On the whole the chem ical conditions in the hum us-rich 
lakes seem to be ra th e r complex in com parison to those of transparent, 
colloid-deficient lakes. Among other things the colloids adsorb cations 
and  certain  anions and  function as protective colloids for e.g., iron  and 
silicon. Even in clayey lakes sim ilar conditions are likely to prevail.) 
These facts m ust be taken into consideration w hen a com parison of the 
water-chem ical data from  differen t lakes is lo be carried out. High 
values of e.g., total phosphorus in hum us-rich  lakes are natu ra lly  not 
directly  com parable w ith the corresponding phosphorus values from  
oligo-hum ic lakes from  an  ecological point of view.

Some algae can also store phosphorus an d  nitrogen and  thus they 
do not become com pletely dependent upon the actual concentration 
(cf. the discussion in R o d h e  1948 a and  in L u n d  1950).

T he experim ental investigations perform ed on the effects of the 
supply  of phosphorus and n itrogen on the grow th of some planktic
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algae have proved I hut d ifferent species have varian t optim um  require
ments (C h u  1942 and 1943, R o d h e  1948 a and  G e r l o f f  et al. 1950 b). 
Generally the optim um  seems to lie above the conditions in  nature, 
perhaps not alw ays, however (see R o d h e ’s experim ents w ith Dinobryon  
and Uroglena). l ie  believes (I.e., p. 91) that the qualitative differences 
between T e i l i n g ’s caledonic an d  baltic p lankton  types and  the d if
ferent quotients between desm ids and  chlorococcals in oligotrophic and 
eutrophic lakes will be explained by the different phosphorus require
ments of the algae.

The different capability  of the p lankters in utilizing organic nutrien t 
sources has also been studied experim entally. Chu (1945 and 1946) has 
show n that certain  diatom s, e.g., N itzschia palea> can utilize organic 
sources of phosphorus. R o d h p : claim s to have confirm ed his opinion 
th a t Scenedesm us quadricauda  can utilize such m aterial. A i.g é u s  (e.g.,
1950) has presented evidence th a t different algae have d ifferent cap
ability in deam inating am ino acids.

It seems, however, p rem ature to transfer directly the experim ental 
results to na tu ra l conditions. R o d h e  has show n (I.e.) th a t Asterionella, 
w hich in cu ltu re experim ents requires a com parably high phosphorus 
concentration, can hold its own also in lower concentration if the cul
ture m edium  is lake water. The algae react to the com bined influence 
of the varian t factors and, furtherm ore, in nature an  unknow n num ber 
of uncontrollable ones are added, the im portance of which cannot be 
estim ated. Even the know n factors have different effects according to 
in w hich com bination they are. T he optim um  requirem ent of one factor 
can  alter w ith  the concentration o f another ( L u n d e g å h d h  1950, p. 270). 
The ion absorption, w hich is an  active process, is affected by displace
m ents in the ionic balance. Ion antagonistic effects are very often 
encountered. Thus the concentrations of nutrients in the substratum  
is not the sole factor governing the ion absorption.

Moreover, in a lake the w ater volum e is m uch larger than  in a culture 
vessel w ith a definite volume. Steadily new salts are added lo I lie lakes 
from  rivers and ground w ater and  by replenishm ent from  the 
bottom  m ud.

In culture experim ents it is also of im portance tha t pure algal m aterial 
is employed, tha t is also free from  bacteria.

Of o ther essential nu trien ts the concentrations com m on in lake w aters 
are regarded to he sufficient for satisfactory growth (C h u  1942, H u t 
c h i n s o n  1944, P e n n a k  1946, and R c d h e  1948a). U s p e n s k i  (1927) con
sidered iron to be a factor determ ining the d istribution of p lants, as
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these require and  tolerate variously high concentrations of iron. P r i n g s -  
h e im  (1934) and R o d h e  (1948 a) are sceptical of this opinion. C h u ’s 
(1942) investigations indicate that the algae can hold their own in very 
low calcium  concentrations. Of the Chlorococcales Chlorella, Anlcistro- 
desm us and Scenedesmus grow ra th e r well in  a calcium  concentration 
1000 to 5000 times less th an  the optim al concentration (see fu r th e r 
Ö s t e r l i n d  1949). Coccochloris grows well even if the element is com 
pletely excluded ( G e r l o f f  ct al. 1951). Also Asterionella form osa  
requires only a small supply of Ga (L u n d  1950).

Trace elements. The same trace elements as in the higher p lants seem 
to be essential for the planktic form s ( S t i l e s  1946). These elem ents 
could thus also be expected to be lim iting factors. On one side sm all 
concentrations are required, on the other h igher concentrations are toxic 
as is generally the case w ith  heavy m etals ( G r i n t z e s c o  and P e t e r f i  
1936, G u s e v a  1939 and 1940, and G r e e n f i e l d  1942). By strong flu c tu a
tions upw ards in pH the solubility of these metals is decreased, a t low 
pi I-values the effect is the reverse. Especially in dystrophic w aters the  
m anganese concentration can be high ( Å b e r g  and R o d h e  1942). 
According to P e n n a k  (1946) there is evidence that copper can be accu 
m ulated in  the hypolim nion in sum m er in sufficient quantities to be 
toxic for the plankton.

Various algae have proved to have d ifferent sensitivity to toxic com 
pounds. H e r v e y  (1949) has found that diatom s seem to be m ore sensi
tive to bichrom ate th an  the chlorocoecals. G u s e v a  (1940) has established 
th a t Ihe Protococcus group is m ost resistant and the blue-green algae 
m ost sensitive to poisoning by copper sulphate. The different sensitivity 
of the algae is also utilized w hen lakes are sprayed w ith  this com pound 
( I ) o m o g a l l a  1941 and R o d i i e  1948 b).

Growth substances. It m ay be assum ed that the algae like Ihe h igher 
plants are able to synthesize their grow th substances. H u t c h i n s o n  and 
S e t l o w  (1946) believe tha t the p lankton  algae can produce thiam in. 
According to H a r v e y  (1939) a m arine diatom  studied by him  seems, 
however, to be dependent upon an  external organic substance. This is 
present only in  the w inter, w hich fact m ight cause the appearance of 
the alga in the w inter period. The investigations by H u t c h i n s o n  and 
S e t l o w  (1946) on Ihe niacin concentrations in two Am erican lakes 
prove th a t this vitam in has its highest concentration in the w inter. 
Com pounds of this type thus m ight sometimes constitute lim iting factors. 
In lakes w ith low production of p lankton it is possible, for example, 
that the substances in question do not even in the w inter occur in
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adequate am ounts. The periodicity of the  algae concerned m ight also be 
explained by the periodic appearance of such essential com pounds.

Appreciable quantities of soluble organic substances are to be found 
in  the w ater, 3 to 60 mg. per litre according to P e n n a k  (1946). The 
possibility canno t be precluded that some of these substances will he 
revealed as grow th prom otors or grow th inhibitors. Already in  1932 
P e a r s a l l  declared that according to his experience the blue-green algae 
seemed to require  organic com pounds fo r their growth. R o d h e  (1948 a) 
thought the sam e regarding Gloeotrichia, as he did not succeed in  cu l
tivating it in a completely inorganic substratum . It has for a long time 
been know n tha t the grow th of m any algae is prom oted if soil extracts 
are added to the culture m edium . Gloeotrichia and several o ther blue- 
green algae are now  cultivated in a pure inorganic nutrien t solution 
(Ge r l g f f  et al. 1950 a and b). This does not prove, however, tha t the 
blue-green algae are not favoured m ore th an  others by organic sub
stances.

T here is evidence that Chlorella is able to produce an  antibiotic, w hich 
inhibits its own growth if it is not rem oved from  the m edium  [e.g., 
P r a t t  et al. 1940). Chlorellin has not been found to have a disturbing 
action on the developm ent of o ther algae. Such algostatic substances 
are, however, secreted according to L e f é v r e  et al. (1948, 1949, and
1951) from  several species studied by them  For th a t reason certain 
species cannot grow together in  cultures, e.g., Chlorella pyrenoidosa  
an d  P ediastrum  duplex. It is, however, to early to discuss the signi
ficance of these inhibitors excreted in n a tu re  w here they become strongly 
diluted. They m ust be m ost active when th e ir producers atta in  m axim al 
developm ent, th a t is, in connexion with water-bloom .

An exam ple of the fact that n a tu ra l w aters can contain substances 
essential fo r the p lan ts in sm all concentrations is S t a l f e l t ’s discovery 
(1948 and 1949) of two viscosity changing factors, which are required 
by the p lan ts w ithout being produced by themselves (at least in suf
ficient quan tities). They exhibit a periodical appearance in natu re  with 
a m axim um  in the au tum n  after the defoliation. The plasm a viscosity 
is p robab ly  of great im portance for several physiological processes in 
the p lasm a (see the discussion in  S t å l f e l t  1949). Nothing is known 
about the special effects of the substances on the w ater organism s. Like 
niacin  they are m ost concentrated in the cold season and  therefore 
they could possibly contribute to a periodical appearance of sensitive 
species. T heir organic constitution has not yet been fully elucidated.

H ydrogen ion concentration. I v e r s e n  (1929) c o n c lu d e d  th a t  the
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occurrence of higher aquatic p lan ts was determ ined by Ihe pH  of Ihe 
water. He also pointed out that the plankton changed w ith this factor 
(I.e., p. 295). A l g é u s  (1946) and  o ther au thors before him  (see A l g é u s ’ 
discussion p. 158 et seq.) have show n experim entally th a t Ihe growth 
of Ihe algae is affected by the pH. It is na tu ra lly  difficult to d istinguish  
between Ihe direct and indirect effects of this factor. The pH directly  
affects the charge of the plasm a. In this case very high and  very low 
pH-values are necessary for com pletely checking the ion absorption 
( L u n d e g å r d h  1950). Small organism s can be expected to be m ore 
sensitive th an  larger ones on account of the less effective in terna l buffer 
capacity.

The indirect effects are far-reaching and difficult to study. The control 
of the carbon dioxide content of the w ater probably belongs to the 
m ost im portant ones. This m ust be significant for such organism s w hich 
are incapable in utilizing the b icarbonate as a source of carbon. The 
solubility of heavy metals is also altered by variations in the hydrogen 
ion concentration, as m entioned previously. T he iron absorption of the 
algae is m ade difficult by  a h igh  pH  ( U s p e n s k i  1927. A l g é u s  1946). 
Free am m onia can also be form ed at such pH values and  this com pound 
is toxic to the organism s (c f . L u n d e g å r d h  1950). Thus it m ust not be 
overlooked th a t the hydrogen ion concentration of the w ater m ay be 
of decisive im portance at least at m ore extrem e values.

Carbon dioxide. The b icarbonate content in the w ater m ust exert a 
great influence on the com position of the species in the waters. Accord
ing to Ö s t e r l i n d  (1951 and  the literature there cited) two types as 
regards the capability of utilizing different carbon sources seem to 
exist am ong the algae: 1. The Scenedesmus type, w hich assim ilates 
bicarbonate well if the cultures are young and 2. The Chlorella type, 
which lacks the capability alm ost completely.

In very high pH, w hich can easily arise in b icarbonate-rich waters 
containing an  abundan t vegetation, only p lan ts capable of utilizing 
bicarbonate as the source of carbon can live, since free carbon  dioxide 
is practically  absent.

Oxygen. In the free surface w ater oxygen deficiency does not generally 
exist. The plants thus have no difficulty in sup^’ ' g their need of this 
gas fo r respiration, and  oxygen cannot reasonably be considered as a 
lim iting factor for the plankton.

As is apparen t from  the discussion above there is no conclusive 
evidence that the chem ical factors completely control Ihe distribution 
of the plants in nature. Field ecological studies have not even yielded

66
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concordant results as to the correlation between possible factors and  the 
vegetation (e.g., the phosphorus factor) Sometimes determ inable quan
tities of a probab ly  essential element are lacking, although the p lankton 
is high-productive (e.g., S p e n c e r  1950). The fact that the correlations 
are m ostly slight, m ay likely he due to the fact tha t the influence of 
the individual factors is m odified by the in terplay  between all the 
factors involved.

Too little is know n about the relation between the p lan ts an d  their 
environm ents. T hus this point m ust first and forem ost he attacked by 
research. Cf. H u t c h i n s o n ’s discussion (1944) of physiological adap 
tion. At present one m ust rely upon m ore or less confirm ed assum ptions 
of the decisive effects of the factors.

The chemical conditions in the lakes studied. The chem ical analyses 
of the lake w aters perform ed by A i .m e s t r a n d  (1951) show, as is 
already m entioned (p. 18), a m arked difference in the to tal electrolyte 
content. This is caused chiefly by the d ifferent calcium  bicarbonate 
contents. Po tassium  and m agnesium  am ong others also decrease g radu
ally like the specific conductivity, as well as the chloride and  sulphate 
concentration. T he phosphorus, nitrogen and  iron contents vary irregu 
larly  and  do not seem to follow the total electrolyte curve.

T he greatest qualitative plankton differences seem to coincide with 
the greatest variations in the electrolyte content, that is, between the 
three lake groups A, B and  C. Since the calcium  bicarbonate constitutes 
the most varying element (figure 16), it is possible that this electrolyte 
exerts a selective influence on the occurrence of the planktic forms.

It is not clear, w hether the calcium ion is essential for the algal grow th 
(WlNOKUR and  R o b b in s  1948). It may, however, have a lim iting effect 
in high concentrations, as d ifferent species vary in their tolerance of 
large calcium  am ount (Chu 1942). The b icarbonate ion can be supposed 
to p lay  a decisive role on account of its im portance in photosynthesis.

C o n se q u e n tly  it is a  p la u s ib le  a s s u m p tio n  th a t  th e  c a lc iu m  b ic a rb o n a te  
is th e  m o s t im p o r ta n t  l im it in g  f a c to r  r a th e r  th a n ,  fo r  e x a m p le , p h o s 
p h o ru s  a n d  n i tro g e n  as f a r  a s  th e  c h e m ic a l fa c to rs  in  th e  la k e s  in v e s ti
g a te d  a re  c o n c e rn e d .

Some other controlling factors m ust, however, also be involved. As 
is seen from  the figure 16 the bicarbonate curve does not show any 
significant differences w ith in  group A, although there is a well m arked 
difference in the p lank ton  com position between the so-called Myxo- 
7
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phyceae-Tich  and M yxophyceae-poov lakes. Nor do the rem ain ing  ions 
determ ined exhibit any considerable variations w ithin the group. This 
fact possibly implies tha t factors o ther than  the com m on nu trien ts cause 
the p lankton differences in question. As the lakes discussed are situated  
in agricultural and  densely populated districts it can be supposed that 
the differences observed have their origin in  the organic substances 
from  sewage and other contam inations. The differences in  the com 
position of p lankton between the M yxopliyceae-rich  and -poor lakes in 
group B are not corresponded by any variation in  the b icarbonate 
content. (In K vesarum ssjön slightly higher values of the ions discussed 
are to be found, but not in Tjörnarpssjön.)

Naturally too great a stress m ust not he laid on the correlation 
obtained in this investigation, nor on the absence of any correlation. 
Both the w ater-chem ical analyses and the p lankton  determ inations 
should be carried out m ore regularly  with short intervals during  the 
whole year in  order to ob tain  reliable correlations. H u t c h i n s o n  (1944 
p. 25) is very doubtful if it ever will he possible to arrive at a solution 
of the problem  of the n a tu ra l distribution of the species by m erely 
observing the chemical factors of the habitats.

C l i m a t i c  f a c t o r s .  The chemical factors are only a p art of 
the ecological complex of factors regulating the environm ental condi
tions of the p lankton. It is a general experience that light and  tem pera
ture also have an  apparen t influence on the production of p lankton. 
Thus the p lankton bloom is most abundantly  developed in hot, calm, 
sunny days. The sum m er of 1947 was especially favourable for such 
phenom ena. It is, however, difficult to prove to w hat degree these 
factors are of im portance for the qualitative distribution.

The light is rapidly absorbed by the water, the m ore strongly the m ore 
coloured the w ater is. F rom  the investigations by M f .y e r  and H e r i t a g e  
(1941) on the photosynthesis in Ceratophyllum  growing at d ifferent 
depths of w ater it is evident th a t the turbidity  is of great im portance 
for the vertical d istribution of w ater plants. The com pensation point 
was obtained at low tu rb id ity  at a depth of 8  to 1 0  m. hut at m axim al 
tu rb id ity  already at 1 to 2 m. In  the lakes of group A there is, as already 
m entioned, a difference in the composition of p lankton  between tran s
parent and tu rb id  lakes. The rich development of M yxophyceae, which 
float up to the surface, seems to contribute to the low light supply in 
the tu rb id  lakes. As to fresh w ater it is still unknow n w hether the 
supply of light of d ifferent wavelengths can have a qualitatively selec
tive action.
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According to  F in d e n e g g  (1943) the various p lankters have different 
recfuirements of light and heat, w hich explains their periodic occurrence. 
He also believes that it is possible to explain in several cases the d is
tribution of the d ifferent species w ith in  his area by m eans of these 
factors.

R o d h e  (1948 a) is convinced tha t the cause o f the absence of Melo- 
sira islandica ssp. Helvetica from  Säbysjön and the presence of the sam e 
species in  the adjacent Valloxen is to be found in  the d ifferent tem pera
ture conditions of these two lakes.

In  the lakes under consideration it seems probable th a t the light does 
not prim arily  constitute a lim iting factor as regards the qualitativ)! d if
ferences in p lankton. The discussion in the m acrophyte chap ter (p. 18) 
m ay largely he valid also in this connexion. T he differences in the 
p lankton com position between the lake groups A and C cannot be 
explained as a consequence of various transparency  conditions, as group 
A comprises m any  tu rb id  lakes as well as the m ost tran sp aren t ones 
w ithin the whole area.

The tem perature conditions of the lakes here studied do not deviate 
considerably from  one another, neither for physiographical nor clim atic 
reasons. Slight differences in the w ater tem perature have na tu ra lly  been 
recorded. The tem perature rises for example som ew hat m ore slowly in 
spring in Västersjön and Rösjön. It also changes unequally  rapidly  in 
shallow  and  deep lakes (cf. L u n d h  1951 b. p. 23). However, the devia
tions are probably  less th an  the tem perature am plitude o f the species 
occurring in the lakes. No pronounced stratification  seems to prevail 
(with the possible exception of Västersjön and  Rösjön, w hich have not 
been studied from  this point of view).

B i o t i c  f a c t o r s .  T he great im portance of com petition in com 
bination with o ther factors has been discussed previously (e.g., p. 97), 
as well as the effects of algostatics (p. 95).

Q uantitative occurrence.

The seasonal changes in the plankton production are app aren t and 
they have therefore attrac ted  great attention. T he reasons are on the 
whole unknow n, however, perhaps due to the fact that they m ay vary 
in d ifferent environm ents.

A species can occur in a lake during  the m ain p a rt of a year only in 
a few specimens and then it very rapidly increases to high production. 
T he lime for this phenom enon is not constant. The pulse can also vary
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in abundance o r is som etim es com pletely absent. Everything indicates 
th a t a Special com bination of factors is required.

E d a p h i c f a c t o r s .  T he supply  of nu trien ts is the first causal 
factor to be considered. W hen it is exhausted the increase in production 
m ust stop naturally . If  the supply of nu trien ts is the sole lim iting factor 
all the p lankton pulses should be confined to the periods w ith  the 
highest concentrations of nu trien ts  and  not disappear before the 
exhaustion of the supplies. This is not the case, however, in  reality. 
The M yxophyceae pulses appear w hen the supplies of nitrogen and 
phosphorus are lowest ( P e a r s a l l  1932), the pulses can cease although 
the supply of nu trien ts is considerable ( P e n n a k  1946), high productions 
of the sam e species can appear at different occasions and w ith different 
supply of nu trien ts am ong o ther conditions. The W isconsin limnologists 
(see the discussion in W e l c h  1935 and  H u tc h i n s o n  1944) have for a 
long tim e been of the opinion th a t phosphorus and nitrogen cannot 
be lim iting factors. The m anuring  experim ents of J u d a y  (1942) illu
strated tha t inorganic m anure  Substances had no effects on the plankton 
production. Nor does O h l e  (1934) believe that phosphorus generally 
is a  m inim um  factor. Some researchers, however, are  convinced of the 
lim iting effects of these elem ents (see W e l c h  1935, R i l e y  1940 and 
1943).

J u d a y ’s w o rk  is th e  o n ly  o n e  c a r r ie d  o u t  in  th e  fie ld . H is re su lts  h av e  
th u s  th e  g re a te s t im p o r ta n c e  f o r  su c h  a n  eco lo g ica l d is c u ss io n  as th is . 
R il e y , w h o  m a d e  c u l tu re  e x p e r im e n ts , o b ta in e d  a  p o sitiv e  e ffe c t b y  a n  
a d d i t io n  o f p h o s p h o ru s  a n d  n itro g e n , it is tru e , b u t  h e  u se d  c o n c e n tra 
tio n s  sev era l tim es h ig h e r  th a n  th o se  e n c o u n te re d  in  th e  la k e s  s tu d ied  
here .

Investigators w hich have experim entally tried to obtain an  explana
tion (e.g., R o d h e  1948 a and  C h u  1943) are inclined to th ink  that 
phosphorus and  n itrogen in several cases are no t available in sufficient 
quantities in  the water, and  therefore are lim iting factors. According to 
R o d h e  the phosphorus content can also be too high fo r some species 
(Dinobryon  and Uroglena) and  thus act as a m axim um  factor.

A s  r e g a r d s  Astcrionella  t h e r e  i s  r e a s o n  f o r  a s s u m i n g  t h a t  t h e  s u p p l y  
o f  s i l i c o n  i s  o f  d e c i s i v e  i m p o r t a n c e  f o r  t h e  h i g h  p r o d u c t i o n  ( L u n d  1 9 5 0 ) .  
S u c h  a  c o r r e l a t i o n  i s  a l s o  r a t h e r  p l a u s i b l e  a s  c o n c e r n s  o t h e r  d i a t o m s  
(cf. P e a r s a l l  1932).

It has not yet been proved w hether o ther factors such as m inor ele
ments and  grow th substances can be responsible for the initiation and 
checking of high production.
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C 1 i m a t i c f  a c t o r s .  The general observation tliat water-bloom  
is particularly  prom inent during w arm , dry  sum m ers m ight indicate 
tha t clim atic factors play a role in the developm ent of high production. 
R i le y  (1943) states that the grow th rate of N itzschia closterium  is 
regulated by the weather. C h a n d l e r  (1944) and  C h a n d l e r  and W e e k s  
(1945), who have studied the plankton developm ent in W estern Lake 
Erie, discuss the possible causes of the varying spring and autum n 
pulses and arrive at th a t conclusion th a t phosphorus and nitrogen 
certainly have a very lim ited effect on the abundance of the plankton p ro
duction. According to their opinion the tu rb id ity  and  w ater-tem perature 
are prim arily  responsible for it. Both factors are more or less dependent 
upon the clim ate (e.g., solar rad ia tion  and  precipitation).

B i o t i c  f a c t o r s .  R o d h e  (1948b) observed th a t after spraying 
L ake N orrviken w ith copper sulphate the Chlorophyceae a ttained high 
production when the M yxophyceae  had  disappeared. As the copper 
sulphate addition per se cannot have favoured them  ( R o d h e  I.e., p. 55) 
the only rem aining explanation m ust be tha t the presence of the blue- 
green algae in  some way inhibited their development. In  this case the 
absence of m ass production of Chlorococcales cannot have its origin in 
the lack of nu trients or unfavourable clim atic conditions. Such sub
stances as chlorellin (cf. p. 95) can possibly check high production even 
in  nature. S t o r e y  (1943) states th a t Asterionella  seems to have diffi
culties in growing in  lake w aters w hich have contained a bloom of Ihe 
sam e alga. H u tc h i n s o n  and S e t l o w  (1946) could not, however, detect 
any antibiotic substances in B antam  Lake and  Linsely Pond. The effects 
of such possible growth inhibitors have not been studied in na tu ra l 
conditions and  there are still only single observations reported.

Influence by culture.

The influence by culture w hich the lakes in cultivated areas are 
subjected to seems to be of great im portance for both  the quantitative 
and qualitative occurrence of the algae. In  Sw itzerland it has been 
possible to follow the developm ent of lakes affected by culture. The 
studies have shown th a t lakes poor in p lankton and  characterized 
by oxygen-rich bottom  w ater have passed into a state w ith h igh-produc
tive plankton and the bottom  layer has become alm ost deficient in 
oxygen and rich in hydrogen sulphide (see papers in Verh. Int. Ver. 
theor. angew. Limnol. X. 1949).

The lakes are supplied w ith  large am ounts of electrolytes by sewage
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and m anure, i.a. phosphates, nitrates, and am m onium  salts. If n itrogen 
and phosphorus previously have constituted m inim um  factors the 
p lank ton  production will increase considerably. The lake w aters are 
fu rtherm ore enriched by organic m atter of different kinds, e.g., decom 
position products of proteins an d  grow th substances. Some of these 
com pounds will possibly favour the growth, others will perhaps check 
it (cf. the m anuring  experim ents by J u d a y  1942 by w hich he has proved 
that the organic substances and not the inorganic ones are responsible 
for the increased p lank ton  production). A qualitative selection am ong 
the p lankters can he one of the consequences. Such species m ust be 
favoured, for example, w hich are capable of utilizing organic nitrogen 
sources (cf. A l g k u s  1950). Substances toxic to the p lants even in  sm all 
quantities can also he transported  with contam inated w ater e.g., m etal 
salts.

By lowering and  regulation of the lake surface intervention also takes 
place in the na tu ra l developm ent w hich must bring about notable con 
sequences. L i l l i e r o t h  (1950 b) has proved th a t both the m acrophyte 
and plankton  vegetation have been changed by hum an interferences 
qualitatively and  partly  quantitatively  in  the lakes studied by him.

Conclusions.

It is evident that m uch rem ains to he done before the problem  of Ihe 
causes of the d ifferent qualitative and  quantitative occurrence of the 
p lank ton  in  natu re  can he regarded as satisfactorily elucidated. At p re 
sent general conclusions cannot he drawn. Com parative field studies 
m ust he restricted to a sm all area, where only few factors exhibit great 
variations. Moreover experim ental investigations should be conducted 
to discover the special physiological relations of Ihe individual species 
to their surroundings.

It has not been proved th a t the im portant nutrients phosphorus and  
nitrogen w hich are present m ostly in  small quantities (cf. R o d h e  1951) 
give rise to qualitative differences in  plankton. These differences are in 
the area under consideration correlated with changes in the electrolyte 
content, while no definite connection to phosphorus and nitrogen can 
be established. The substances concerned must, however, natu ra lly  be 
thought of as m inim um  factors for high production even if they cannot 
always be proved lo he responsible for their initiation and  cessation.

The content of b icarbonate is a chemical factor whose im portance
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has not been em phasized especially strongly hitherto. Its significance 
in photosynthesis has not been noticed un til the last years. In  view of 
its use as a source of carbon it is likely to determ ine the com position 
of species and  also the abundance of bigh production.

The significance of substances toxic in  sm all concentrations m ust not 
be overlooked.

Up until now the soluble organic substances have also been neglected. 
Before any close investigations on their possible effects on the growth 
of p lankton have been carried  out, they should not be excluded from  
tha t group of factors w hich can be considered of im portance for the 
development of the plankters.

The num erous field ecological investigations perform ed have paid 
attention to m any factors w hich m ay be regarded as controlling factors. 
The value of such studies in  the fu tu re will be greatly increased if the 
field work is com bined to a still h igher degree th an  hitherto  w ith experi
m ental research.



Epiphytic diatoms.

Distribution of the species.  

M aterial.

Only epiphytic diatom  sam ples from  shallow water have been 
examined, and  they are derived from  different kinds of p lant m aterial 
according to w hat was available at the time of the excursion. Most of 
the sam ples have been gathered during the spring and aul 1111111 of 1948 
and 1949. A few samples from  a single locality cannot give a represen ta
tive picture of the diatom  flo ra of a lake. A great num ber of sam ples 
m ust thus be exam ined from  a lake fo r obtaining a  list of species as 
complete as th a t derived from  one or two plankton samples. The num ber 
of sam ples investigated in  group A varies between three and  eleven for 
every lake (from Sövdeborgssjön only two), in the group 15 nine and 
eleven and in group C seven and  nine, which num bers m ust he regarded 
as fairly insufficient.

Species w hich are m ore or less restricted to a definite substratum , 
for example, Achnanthes hungarica  to Lem na, become recorded very 
irregularly. Thus Achnanthes hungarica  has been found only a few 
times in the sam ples studied. In  pure lem nid samples, however, it is 
m ore seldom absent. Species which are strongly restricted to a certain 
substratum  are thus not suitable lo r these com parative studies, and 
therefore they can he excluded w ithout hesitation. The sum m er samples 
are, as already m entioned, in the m inority. Typical sum m er form s, as 
for example, E pithem ia  species, would, therefore, have been under
represented if the records had  not been completed by exam ination of 
some fu rther sum m er samples.

The m aterial has been cleansed partly  by boiling in sulphuric or 
nitric acid, partly  by red-heating. The m ethods have been described by 
H u s t e d t  i.a. in P a s c h e r  H. 10 (1930) and M d l l e r  (1944). Styrax 
prepared  by M a x  M o l l e r  and  hyrax  have been used fo r m ounting.

The species have been identified m ainly  after H u s t e d t  in P a s c h e r  
(I.e.) and  in R a b e n h o r s t ’s K ryptogam enflora (1930). Furtherm ore, the



105

o r ig in a l  l i t e r a tu r e  a n d  o th e r  l i te r a tu r e  w ith  d ra w in g s  h a v e  b ee n  c o n 
su lte d  e.g., H u s t e d t  (i.a. 1924, 1942, 1945, a n d  1950), F o g e d  (i.a . 
1950 a n d  1951), M o l l e r  (1950), J o r g e n s e n  (1948), P e t e r s e n  (1950).

Species d iscussed.

As regards the genera N itzschia  and  Pinnularia  the studies have not 
yet been completed. For this reason these genera have not been included 
in the discussion, w ith the exception of some easily recognizable 
N itzschia  species. The Pinnularia  species are, moreover, to a large extent 
bottom  organism s and can therefore suitably  he treated in connexion 
w ith the bottom  samples.

As the diatom s have been identified in  especially prepared m aterial 
it has been im possible to distinguish between individuals living at the 
m om ent of fixation and dead ones. Thus dead specimens w hich have 
no t grow n on the locality w here they have been found but originate 
from  the p lank ton  or the bottom  cannot readily  be excluded as the  dead 
specimens in the p lankton samples. If uncleansed m aterial is exam ined 
only some species can be identified. T he sm all form s are, moreover, 
very often covered by e.g., detritus. The plankton  organism s seem to 
be able to continue living after having adhered  to the plants. Therefore, 
it is a  difficult task  to separate the norm al epiphytes from  the other 
species noted in the samples. It can be assum ed, however, th a t the trans
ported form s are num erically  so inferior th a t they will not generally be 
included in the lists of species (with the exception of p lanktic form s).

Some species observed in the slides are term ed euplankters by H u b e r -  
P e s t a l q z z i  (Teil 2: 2) and  H u s t e d t  in P a s c h e r .  A com parison has been 
m ade between the findings in the p lankton lists and the diatom  lists 
as concerns these species (table 8 ). Some other species whose m ode of 
life has not been ascertained have also been included in the sam e list.

A m phiprora ornata (litoral form  according to H u s t e d t )  is in the 
diatom  list represented from  two localities in  the p lank ton  list from  
three. The records are too few to obtain a definite idea of its mode of 
life. It can just as well be a p lank ter as an  epiphyte or both. Nothing 
indicates tha t it is preponderantly  epiphytic (c f. the discussion in p lan k 
ton p. 80).

Cyclotella com ta  (euplankter according to I I u b e r - P e s t a l o z z i  and 
H u s t e d t )  is recorded from  m ore localities in the diatom  list. This can, 
however, be due to the fact th a t it has been overlooked in the p lankton
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samples, w here only the algae living a t the m om ent of fixation have 
been included. F urtherm ore  a larger num ber of diatom  preparations 
have been examined.

Cymatopleura solen (euplankter according to H u b e r - P e s t a l o z z i )  
appears only in  single specimens and can thus also easily be over
looked in a p lank ton  sample. Considerably more localities are, however, 
given in the diatom  list. This does not speak in favour of its being a 
typical p lankter.

Diatoma elongatum  (m a in ly  e u p la n k te r  a c c o rd in g  to  H u b e r - P e s t a -  
l o z z i  a n d  H u s t e d t )  seem s r a th e r  to  b e  a n  e u ry to p ic  fo rm .

Fragilaria crotonensis (euplankter according to H u b e r - P e s t a l o z z i )  . 
It never occurs in  larger quantities in the diatom  samples. It is, m ore
over, recorded from  several p lankton localities w ithout being observed 
in  diatom  preparations from  the same lakes. It is probably an  obligate 
plankter.

The Melosira species ambigua, islandica and granulata are generally 
regarded as typical p lank ton  forms. They are, however, also abundant 
in the diatom  slides (even in  large quan tities). This is probably  due to 
the fact th a t they easily adhere to the plants, as they can also annoy 
fisherm en by clinging to the nets. Melosira granulata  has been found in 
the diatom  sam ples from  Rösjön, where it has not yet been observed 
as a p lankter. Its occurrence is, however, not surprising. P robably  it 
will also be found in the p lankton  samples. The Melosira species seem 
to be obligate plankters.

The species of Stephanodiscus are considered euplankters by H u b e r -  
P e s t a l o z z i  and H u s t e d t .  They are according to the table more fre
quent in the epiphytic samples. As fa r as St. astraea is concerned it is 
possible th a t the  p lank ton  m aterial studied has not been com prehensive 
enough. As regards the two other species this fact cannot he the whole 
explanation.

The appearance of Tabellaria fenestrata  in the epiphytic samples does 
not contradict the opinion th a t it is an  obligate euplankter.

Tabellaria flocculosa  is by H u b e r - P e s t a l o z z i  considered a possible 
facultative plankter. The table illustrates th a t it is as frequent in the 
plankton sam ples as in the epiphytic ones. Thus it seems to be a norm al 
p lankton com ponent in  these lakes. Its great dom inance in some epi
phytic sam ples indicates that it is an  equally norm al epiphyte.

The following species have w ith reference to the above been excluded 
from  the diatom  list: Melosira ambigua, M. islandica ssp. helvetica, 
M. granulata, Cijclotella com ta, Fragilaria crotonensis, and Tabellaria
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fenestrata. The pronounced eup lank ter Asterionella form osa  has also 
been omitted.

As the investigation has been carried  out in  a com parative sense there 
has been no reason for discussing all species found. T hus in  the 
published tables (9 to 13) only species observed in  at least nine localities 
have been listed except in two cases, nam ely 1 . if the species are 
restricted to group B o r C or one of these, or have their m ain  d istribu 
tion here and 2. if they seem to be confined to group A. In  the first 
case it ought to be quite justified to include species w ith few localities. 
I t can hard ly  be m ere chance tha t they are absent in group A as this 
group is represented by the greatest num ber of lakes. In the la tte r case 
it is less justified. It is natu ra lly  not necessary that species found in few 
localities in group A will prove to be restricted to this group when 
closer investigations have been made.

Distribution of the species discussed.

Q u a l i t a t i v e  o c c u r r e n c e .

The tables 9 to 13 illustrate the distribution of the species studied 
w ith in  the three lake groups.

Table 9 includes species w hich seem to be confined to group A. On 
account of the sm all num ber of localities the classification is no t especi
ally reliable.

Table 10 shows species belonging to the groups A and  B and  hitherto  
not recorded from  group C. In addition three species are listed here 
w hich have been noted so fa r  only from  group A bu t on account of 
their wide range are likely to he found even in group B.

Table 11 comprises species alm ost completely restricted to the groups 
B and C or to one of them.

Table 1 2  includes species showing an evident concentration to the 
groups B and  C. They have, however, also isolated localities in group A.

Table 13 contains the ubiquitous species.
As is obvious from  table 13 conspicuously m any epiphytic diatom s 

are ubiquists in com parison w ith the planktic form s (c f. the survey 
belowT) .
Species restricted to Group A A +  B B +  C B B +  C C Ubiquists Total numb«

i[mainly) of species

°/o " 0 o/o °/o °/o °/o °/o
Epiphytic diatoms 12 16 9 7 4 9 43 148
Plankton ..................... 15 35 7 2 3 11 27 150
Planktic diatom s . . . . -  _ 29 10 10 — 10 43 21
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In the figures for B, B +  C and  C those diatom  species are also included 
which outside the groups m entioned are to he seen in Tunbyholm ssjön. 
The num ber of diatom s in Ihe colum ns A and B is som ewhat uncertain  
owing to the few localities know n. It is to be expected th a t som e species 
now restricted to group B will also be found in group C. Nor is it 
im probable that some of Ihe species of group C will be observed in 
group B, w hen m ore sam ples have been examined. A few identifications 
in  group B are uncertain.

The num ber of species in the colum ns A, B +  C and C arc about the 
same for epiphytic diatom s an d  plankton. The num ber of species com 
mon to the groups A and  B is, however, less am ong the diatom s, w hereas 
the num ber of species restric ted  to group B is greater.

Each group seems to have some »specific» species. Group B has 
several species in com m on with group A but not so m any as am ong 
the p lank  tic forms, and a greater affin ity  to group C can be observed. 
Group A is rem arkab ly  uniform  as to the com position of species. Only 
one lake deviates, nam ely Tunbyholm ssjön. This lake is very closely 
connected to the groups B and ('..

Q u a n t i t a t i v e  o c c u r r e n c e .

The m aterial exam ined cannot be regarded as sufficiently extensive 
for studying the possible quantitative differences between Ihe lakes. No 
thorough estim ation of the relative occurrence of the different species 
after the pattern  of F o g e d  (1947), J o r g e n s e n  (1948) and  M o l l e r  
(1950) am ong others has been carried out. In the exam ination of some 
of the slides the num erically  strongly predom inating species have been 
noted, however, if such have been present. Table 14 com prises Ihe 
observed highly  frequent species from  48 slides from  group A (in
cluding two from  T unbyholm ssjön), 18 from  group B and  12 from  
group C.

The groups B and  C consist of few lakes, but even in spite of this 
the num ber of highly frequen t species is notably small. On the whole 
only the two Tabellaria species are concerned. In group A considerably 
more species have been recorded. All highly frequent species from  the 
groups B and C are found here, bu t several others are also included, 
especially species belonging to Cocconeis, Cymbella, E pithem ia  and 
Stephanodiscus. A negative difference between group A and  the two 
other groups is the fact th a t the Tabellaria species, greatly predom inating 
in the two last-m entioned groups, occur in high-frequency only in three
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Table 14. Survey of the high-frequent species in the Ihree lake groups.

G r o u p  A.
Achnanthes minutissima 
Anomoeoneis exilis 
Cocconeis placentula 
Diatoma clongatum 
Fragilaria intermedia 
Synedra acus 
Tabellaria fenestrata
— flocculosa

Achnanthes lanceolata 
Cocconeis diminuta
— pediculus 
Cyclotella comta 
Cymbella affinis
— amphicephala

The three last-mentioned

— helvetica
— microcephala 
Diatoma vulgare 
Epithemia spp.
Eunotia arcus 
Fragilaria capucina 
Gomphonema spp. 
Navicula sp.
Rhopalodia gibba 
Stephanodiscus spp. 
Synedra ulna
— Vaucheriae

Achnanthes minutissima 
Eunotia spp.
Tabellaria flocculosa

G r o u p  B.

Cocconeis placentula 
Tabellaria fenestrata 
— flocculosa

G r o u  p C.

Achnanthes minutissima 
Anomoeoneis exilis 
Diatoma elongatum 
Fragilaria intermedia 
Synedra acus 
Tabellaria fenestrata 
— flocculosa

species in group A are recorded from Tun.

lakes in group A, if Tunbyholm ssjön is left out of consideration. The 
three lakes concerned are Siesjön (T. fenestrata) , H äckebergasjön (T. fe 
nestrata) an d  Sövdeborgssjön (7’. flocculosa) . No apparen t difference 
between groups B and  C can be established as to the highly  frequent 
species.

R e s u l t s .

Judging from  the above it can be stated tha t even as regards the 
distribution  of the epiphytic diatom s differences are revealed, w hich 
justify  the division of the lakes carried out according to the m acrophyte 
vegetation. Even if m any of the com m on diatom s arc ubiquitous, each 
group has nevertheless several specific species. Both the qualitative and 
the prelim inary  quantitative studies indicate a m arked limit between 
group A on one side and the groups B and C on llie other. The d if
ferences betw een the two last-m entioned groups are less pronounced.

E co lo g ica l  d iscussion .

The table below gives a survey of the distribution of the studied 
epiphytic diatom s w ithin  the lake groups com pared w ith  the m ain  com 
ponents of the phytoplankton  (blue-green algae, desmids, chlorococcals 
and d iatom s).
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Species restricted to Group A A +  B B +  C 
(mainly)

B B +  G C Ubiquists Total number 
of species

%> Vo °/o % Vo Vo °/o
Epiphytic diatoms . . . . 12 16 9 7 4 9 43 148
Planktic blue-greens .. 18 53 3 — — — 26 38

» desmids ......... 11 14 4 1+5 7 50 14 28
» chlorococcats 24 49 10 — 2 2 12 41
» diatoms ......... — 29 10 10 — 10 43 21

It is evident th a t the p lanktic  Myxophyceae  and Chlorococcales have 
their greatest num ber of species in colum n A +  B, th a t is, there seems 
to be a definite ecological lim it between groups B and C, only crossed 
by a sm all num ber o f ubiquists. The desmids have on ttie contrary  their 
m axim um  developm ent in  group C, bu t a sim ilar ecological lim it 
prevents them  grow ing in groups A and  B. The p lank tic  diatom s differ 
from the foregoing algal groups as regards the type of distribution. 
Only some of them  seem to be restricted by any ecological limit. The 
greatest difference in the d istribution of species is not to be seen between 
groups B and  C b u t between A and  B. The epiphytic diatom s have a 
distribution very sim ilar to tha t of the p lanktic  ones.

As is clear from  the above, the m em bers of each of the fou r algal 
groups are characterized by ra th e r uniform  ecological requirem ents, 
at least as fa r as the environm ental conditions do not show extrem e dif
ferences. The planktologists (cf. T h u n m a r k  1945 b, N y g a a r d  1949 and 
others) also base their quotients on the assum ption th a t the groups are 
composed of species growing under homogeneous ecological conditions. 
It is likely th a t the sim ilarity  in their distribution  is due largely to con
form ities in their structure.

The diatom s show a sim ilar distribution w ithin the lakes studied 
independent of the m ode of life. This m ay indicate, th a t the m ajor 
factors governing the occurrence of the diatom s in  general are those 
com m on to them  all. The differences owing to their m icrohabitats are 
of less im portance.

The ubiquitous d istribu tion  of m any diatom s indicate th a t all lakes 
offer on the whole optim al conditions fo r their grow th. There must, 
however, exist a lim iting difference between the extrem e lake groups 
A and  C, as they contain  several species, which seem to exclude each 
other.

Extensive results from  field studies have been published on the causes 
of the d istribution of diatom s both in salt and fresh water. According to 
these the factors w hich preferably have a selective effect on the distri-
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Inilion of the diatom s in  natu re  are  the following, nam ely salt conten t 
(especially sodium  chloride), pH, phosphorus, and nitrogen.

The diatom s are according to K o l b e  (1927 and  1932) divided into 
d ifferent groups on the basis of their occurrence in waters of various 
salt contents. The cause of the d ifferent d istribu tion  of the diatom s in 
nature thus was connected with their assum ed dependence on the salt 
concentration, preferably their requirem ent of sodium  chloride (K o l b e  
1932, pp. 265 to 266). To a large extent th is  was to hold true  also for the 
fresh-w ater diatom s, possibly w ith the exception of the lnilophobous 
ones (Ko l b e  I.e., p. 269).

M odern plant physiologists e.g., L u n d e g å b d h  (1950) are sceptical of 
the assum ption tha t sodium  is generally an  essential nutrient. C h u  (1942) 
points ou t that sodium chloride is not essential for the grow th of 
Pediastrum boryanum.  A difference sim ilar to th a t prevailing between 
the vegetation in salt and fresh w ater can  also be recognized between 
the h igher vegetations in soils of various sa lt contents. See the discussion 
on p. 22. Several field observations indicate that the sam e explanation  
is applicable to the d istribution of the diatom s. K o l b e  (I.e.) stated that 
sodium  chloride can be exchanged with m agnesium  chloride w ith  the 
sam e results. L ater on H u s t e d t  (1938/39, p. 297) arrived a t the con
clusion th a t sodium  chloride can be substitu ted  by sulphates of alkalies 
and alkaline earth  m etals and bicarbonates of, for example, calcium.

In fresh w ater the high electrolyte content is m ostly caused by cal
cium bicarbonate and not by sodium  chloride. In  the lakes here studied 
the differences in the chloride contents only am ount to 13 p.p.m., while 
the corresponding differences in the bicarbonate contents am ount to 
205 p.p.m. (Al m e s t r a n d  1951, table 4). T hus a greater selective effect 
of the b icarbonate th an  of the chloride can be expected.

It is apparen tly  ra th e r incredible th a t the insignificant differences 
in the chloride contents could create the m arked  variations in the 
vegetation w hich are actually present. J o r g e n s e n  (1948 p. 43) does not 
believe th a t K o l b e ’s halophobous species are dependent upon the con
centration  of sodium  chloride. He has found such species in w ater of 
fairly  high salt content. T heir d istribu tion  according to his opinion seem 
to be correlated with pH  or some other parallel factor.

A distinct correlation between pH and the distribution of diatom s can 
be established according to H u s t e d t  (1938/39, and  1943). He divides 
the diatom s after their occurrence at different pH in five classes. The 
greatest num ber of species grows at pH =  7 to 8.

The pH  conditions apparently  differ very insignificantly as far as it
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can  be judged from  the analyses available ( A n d e r s s o n  1948, an d  A lm e -  
STRAND 1951). These determ inations cannot be regarded adequate for 
a careful study of the pH variation w ithin the lakes. For this purpose 
coherent series from  longer periods are required  and in addition from 
different hours of the day and night. It m ust furtherm ore be borne in 
m ind  th a t the conditions in free w ater are not necessarily identical with 
those in the m icrohabitats m aintain ing the epiphytic diatom s. The pH 
changes in  a lake can he considerable 11 v e r s e n  1929). Already from  the 
data  published it is obvious that the pH in Västersjön and Rösjön can 
fall m ore than  in the rem aining lakes. This is also to be expected, as 
the lack of bicarbonate decreases the buffer capacity of the water. 
On the o ther hand, for the same reason the pH cannot rise as greatly 
as in the lowland lakes. In the lakes rich in  hum us, it is likely that the 
am photeric hum ic substances have a  certain buffer capacity (cf. I v e r -  
s e n  I.e.), although it is insignificant in com parison to that of the 
bicarbonate.

Even if the pH sensitivity of the plants has been exaggerated (cf. 
L u n d e g å r d h  1950, pp. 470 to 477) the hydrogen ion concentration of 
the substratum  is not unim portant, which fact has been discussed 
previously (p. 96). In the following lakes according to data in A n d e r s 
so n  (I.e.) and Al m e s t r a n d  (I.e.) pH values of 7.1 and  below have been 
found in Tunbyholm ssjön, Dagstorpssjön, Bosarpssjön, Västersjön, and 
Rösjön. Thus in group B Bosarpssjön and Dagstorpssjön deviate from 
the two rem aining lakes of the group as regards the reaction. None of 
the o ther factors studied by Al m e s t r a n d  shows a sim ilar difference 
in  group R. Generally only Kvesarum ssjön diverges from  the others. 
If table 11 is studied it is seen that of the 18 species recorded from  
group B not less th an  13 are from  Bosarpssjön and  Dagstorpssjön. 
Five of the latter have also been observed in Tunbyholm ssjön and 
group C. Thus there exists an apparen t difference between Bosarpssjön 
and  D agstorpssjön on one side and Kvesarum ssjön and T jörnarpssjön 
on the o ther as to those diatom s avoiding the lakes of group A. They 
prefer thus the two lakes of group B which have the lowest pH values. 
(It is also possible th a t pH can rise m ore highly in Kvesarum ssjön and 
T jörnarpssjön than  in the others, but the analyses only indicate that 
this can be true of the former.) This fact seems to support the sug
gestion th a t pH m ay have a certain effect on the distribution of diatoms. 
In this case they appear to react to a slight variation in the hydrogen 
ion concentration.

The pH  is, as previously mentioned, correlated w ith the b icarbonate
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content of the water. Parallellv with the latter runs generally the calcium 
concentration, w hich has been considered as the m ore im portan t of 
these two factors. H u s t e d t  has in different papers [e.g., 1938/39 and 
1942) em phasized the correlation between the distribution of the diatom s 
and the lime content. The diatoms are said to he calc ', ' '»ous, ind if
ferent, calciphilous and calcibiontic according to their occurrence in 
waters of varian t lime concentrations. L ater on (1943, p. 258) he has 
reached the opinion that the b icarbonate and  not the calcium  is the 
controlling factor.

Experim ental investigations have presented evidence th a t the calcium  
content cannot he a m inim um  factor for the m icrophytes from  a 
nutritional point of view (cf. p. 97). It is, however, very assum able th a t 
various species can tolerate different high calcium concentrations cf. 
Chu 1942). For this reason the calcium ion is likely to have a certain 
selective effect. The influence exerted by the b icarbonate ion seems to 
be of still greater im portance (cf. p. 96).

H u s t e d t  (1938/39, p. 310) states th a t on the basis of his tropical 
m aterial he has established that the phosphorus and nitrogen standard  
of the w ater is of decisive im portance fo r the quantitative and  qualita
tive com position of the diatom  flora Experim entally  it is show n that 
the grow th in  a na tu ra l m edium  is favoured by an  addition of nitrogen 
and phosphorus (H a r v e y  1939, and R i l e y  1943). These two elements 
thus can he expected to be im portant lim iting factors as far as high 
production is concerned. According to L und  (1950) this is, however, 
no com m on rule, for the m ass development of Asterionella is probably 
checked by the lack of silicon. Also M e l o c h e  et al. (1938) believe that 
there exists a correlation between the silicon concentration and the 
development of diatom s.

It m ay be that the supply of these nutrients can have a selective 
action even from  a qualitative point of view. It has been proved that 
d ifferent diatom s have different optim al requirem ents (cf. Ch u  1942 
and 1943). The problem , however, is difficult to solve for field biologists 
as well as fo r researchers in the laboratory. The analyses from  the lakes 
investigated given in Al m e s t r a n d  (1951) offer no clue. T he determ ina
tions of the concentrations of soluble phosphorus and  n itra te  are not 
adequate as a basis for a discussion. The capability of the species of 
utilizing different available nitrogen and phosphorus sources m ust first 
be elucidated.

The rem aining possible limiting factors such as tem perature, 
supply of organic substances, m ay be passed over here, as they

42
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have been little or on the w hole not at all studied in the lakes dis
cussed here.

Climatic factors, preferably the tem perature, m ay natu ra lly  he essen
tial for the com position of the diatom  floras when geographically and 
topographically widely separated areas are considered. The sm all d if
ferences which are to be found between the lakes under consideration 
m ust he regarded as completely insignificant (cf . I I u s t e d t  1942, pp. 167 
to 169).

H istorical reasons are out of the question as the lakes are situated in 
a highly lim ited area. Those located below the highest coast line exhibit 
no notable deviations in the com position of species.

C onclusions.

A com parison w ith the rem aining m icrophytes investigated, rep re
sented by different p lanktic form s, reveals tha t the d istribution  of the 
diatom s is som ewhat deviating. Considerably m ore species are nam ely 
ubiquists, a fact which m ight m ean that the diatom s in general are less 
sensitive to those factors in the studied lakes w hich seem to be lim iting 
for the o ther m icrophytes.

Some species, however, exhibit a sim ilar groupage as all the other 
p lan t groups studied, th a t is the two lake groups A and  C differ as 
usual strongly from  each other. The transitional group B seems to he 
m ore related to group C as fa r as the diatom s are concerned th an  the 
o ther m icrophytes examined. This m ay for example be a consequence 
of a higher sensitivity of the diatom s to pH. The lakes of group B have 
considerably lower lime content than  those of group A, which facilitates 
rap id  fluctuations in the hydrogen ion concentration. (In Tunbyholm s- 
sjön, w hich also has a low lime content, some diatom s from  group B 
are to he found.)

Thus the bicarbonate content of the w ater appears to be the  m ost 
im portan t possible controlling factor, if ils direct and  indirect effects 
are considered.

The content of sodium chloride seems to be of less or no im portance. 
The quantities of phosphorus and nitrogen vary  irregularly  and  can 
hard ly  be thought of as being responsible for the regional difference 
in the com position of species.

The clim atic factors vary slightly regionally and therefore they can 
not he taken into consideration for explaining the qualitative differences 
of species between the lake groups.



Some views on the use of the terms oligotrophy  
and eutrophy.

In lake studies one generally tries to place the lakes in some system  
of classification as this will facilitate the characterization.

The au tho r has in  the above touched lightly one of these system s 
(p. 91).

The oldest classification in Europe originates from  N a u m a n n  (1919) 
and T h i e n e m a n n  (1921). Both have later discussed the problem  in 
several papers.

Na u m a n n  distinguished two m ain types: the oligotrophic and  the 
eutrophic lakes. As a basis he used the quantitative developm ent of the 
plankton, irrespective of the com position of species. He considered the 
difference in the content of nitrogen and phosphorus as a possible cause 
of the various abundance of the plankton.

T h i e n e m a n n  divided the lakes according to the supply of oxygen and  
the bottom  fauna w hich is correlated with this factor, as well as the 
hum us content into three different types: the oligotrophic, dystrophic 
and eutrophic lakes. In the two form er cases the origin of the differences 
is to be sought in the bottom  m ud, which is putrefying only in the 
eutrophic lakes. In the dystrophic lake the oxygen consum ption is due 
to allochtonous hum ic m aterial. The putrefaction  is due to the im m ense 
organic m aterial produced which is accum ulated in the com paratively 
insignificant hypolim nion.

The dystrophic lake type is nowadays included by m any au thors in 
the oligotrophic one (L i l l i e r o t h  1951).

The definitions given above are distinct. If they are applied to the 
lakes investigated all the lakes according to N a u m a n n  approach  to the 
eutrophic type. This seems to hold true also according to T h i e n e m a n n , 
even if not so pronounced. The bottom  m aterial in  all the lakes is com 
posed of gyttjas (Lu n d h  1951 b), although with a slight in term ixture of 
dy in Västersjön and  Rösjön (and possibly also in group B). The bottom 
fauna has unfortunate ly  not been studied.



123

The concepts eutrophic and oligotrophic have, however, not been 
em ployed in this paper, because the very m eaning of the w ords refers 
to the content of nu trients in  the water. If this is regarded equivalent 
to the content of electrolytes there is reason for calling the lakes of 
group A eutrophic and the rem aining more or less oligotrophic. Such a 
procedure cannot, however, be considered quite justified as long as the 
im portance of the calcium  bicarbonate as a nu trien t is not fully  eluci
dated. (As previously m entioned this com pound is the m ain  com ponent 
of the electrolytes in  the lake waters.)

M ü n s t e r - S t r ö m  ( 1 9 2 8 ,  figure 5 )  states th a t the most significant 
difference betw een w hat he calls oligotrophic and  eutrophic lakes is to 
be found in  the d ifferent contents of phosphorus and nitrogen. His 
definition seems to be ra th e r widely adopted. There is not yet, however, 
satisfactory  evidence of the validity of his suggestion.

It is not even quite clear w hether an  increase of the production  of a 
lake can  be caused by an addition of phosphorus and nitrogen. Such 
an  increase w ould be per se conceivable since both elements have proved 
to be so-called m inor constituents (R c d h e  1951). Some au thors define 
the difference between the oligotrophic and eutrophic lakes as a  qualita
tive variation in  the plankton (T h u n m a r k  1945 a, p. 200 and  L i l l i e - 
r o t h  1950 b, p. 35) and a ttribu te this to changes in the concentrations 
of phosphorus and  nitrogen. There is so fa r no analytical evidence, 
however, for this definition (L i l l i e r o t h  1950 b, table 5).

As th e  a im  o f  th is  in v e s t ig a t io n  is to  c o r r e la te  th e  d i f fe ren ce s  o f  the 
l a k e  v e g e ta t io n s  w i t h  v a r ia t io n s  in  th e  e n v i ro n m e n ta l  co n d i t io n s ,  th e re  
se e m s  to  be  n o  r e a s o n  fo r  d is c u s s in g  la k e  c la s s i f ica t io n s  b a s e d  u p o n ,  
f o r  ex a m p le ,  ty p e s  of  d r a in a g e  (cf. L u n d h  1951 b, p. 25), s tage  of 
e v o lu t io n  (cf. P e a r s a l l  1921) o r  c h a r a c t e r  o f  v e g e ta t io n  (cf.  i.a. 
S a m u e l s s o n  1934 a n d  M a r is t o  1941). »Potmnoijeton lakes» ca n ,  fo r  
e x a m p le ,  be  c a u s e d  b y  v a r i a n t  c o m b in a t io n s  o f  f a c to rs  w i th in  d i f fe re n t  
a r e a s ,  ju s t  as a  d e f in i te  spec ies  c a n  g ro w  o n  v a r io u s  s u b s t r a t a  in  d i f 
f e r e n t  c l im a t ic  a re as .



General conclusions.

It is shown th a t the Scanian lakes can be divided into three groups 
both as regards m acro- and  m icrophytes.

As the clim ate does not exhibit any greater variations, clim atic fac to rs 
can hard ly  play any  controlling role. The edaphic factors thus m ust 
together w ith the present biotic ones exert the determ ining influence on 
the com position of species. A close correlation can be established between 
the vegetation of the lakes and  certain  water-chem ical factors. As the 
latter are regulated by the geological properties of the soils it is thus 
the varying geological character of the area th a t finally  governs the 
com position of the lake vegetation.

A sim ilar three section of the province has earlier been carried out by 
W e i m a r c k  (1947 and  1950) on the basis of phytogeographical investiga
tions of especially the land  flora and  by W a l d h e i m  (1947) on the basis 
of com bined p lan t sociological and  ecological studies. W e i m a r c k  nam es 
the different parts the eutrophic, oligotrophic and  m esotrophic areas 
and W a l d h e i m  calls them  the Phascion area, Pogonation area and  the 
transitional area on the ridge L inderödsåsen respectively. Both divisions 
coincide com pletely w ith the one here presented.

According to W a l d h e i m  the varying lime content and  pH are the most 
im portan t selective edaphic factors. As fa r as the lakes are concerned 
the most prom inent edaphic variation is constituted by the d ifferent 
concentration of calcium  bicarbonate. The correlation between this 
factor and the vegetation is very m arked, not only between the groups 
but also w ithin group A.

The close relations between the w ater plants and  their environm ents 
m ust be elucidated in connexion with experim ental investigations.



Summary.

The present investigation  constitu tes a con tinuation  of a previous 
w ork  in w hich the m acrophyte flo ra  and vegetation of 31 Scanian 
lakes were described.

I a. In this paper the lakes have been divided into three d ifferent 
groups according to  the d istribu tion  of the m acrophvtes. These groups 
correspond lo the d iffe ren t geological ch arac te r of the area studied.

I b. The lim iting  effect of possible ecological factors is discussed.
It is necessary to d istinguish  between p lan ts tak ing  up m ineral 

n u trien ts  and gases in  d ifferent ways.
Submerged rooted p lan ts  m ust absorb oxygen and carbon dioxide 

from  the w ater. The content of bicarbonate in  the w ater m ay here 
p lay an im p o rtan t role by form ing a d irect source of carbon for photo
synthesis.

The nym phaeids recorded are ubiquitous, possibly due lo the fact 
th a t they are independent of the w ater for th e ir supply of carbon 
dioxide.

Several helophytes have also a wide am plitude. Some are, however, 
restric ted  to lakes w ith  lim e-rich w ater.

The w ater qua lity  seems to be of m inor im portance for the d is tri
bution of non-subm erged rooted plan ts. The causal factors are pro
bably to be found  in the various p roperties of the soil as fa r  as the 
area studied is concerned.

T he lem nids are not ubiquists although they  are supplied w ith 
atm ospheric  carbon  dioxide. Possible causes of th e ir lim ited d is tri
bution cannot he discussed because w ater-chem ical analyses are not 
available from  th e ir special hab itats.

The subm erged rootless p lan ts are com pletely dependent upon the 
w’a te r for th e ir n u tritio n . In th is case the calcium  bicarbonate, which 
has fa r-reaching  effects, can be assum ed to be a lim iting factor. O ther 
w ater-chem ical factors exhibit considerably less varia tions w ith in  the 
d ifferen t lakes and  canno t thus be expected a priori to he of the
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sam e decisive im portance for the  d istribu tion  of the p lan ts. Exact 
in form ation , however, can only be achieved by experim ental investiga
tions.

Most of the charophytes are also correlated  to a high lim e content in 
the w ate r as well as in the bottom . Probably they absorb th e ir n u trien ts  
m ainly from  the soil.

Of the bryophytes the floating  species constitu te an ecological type 
sim ilar to th a t of the lem nids. T hey  have also a sim ilar d istribu tion . 
The subm erged w ater-m osses have an  insignifican t d istribu tion  in 
the low land lakes w ith  the exception of Fontinalis, possibly due to 
th e ir inab ility  to assim ilate b icarbonate.

On account of the sm all extension of the area studied and its insig
n ifican t changes in  level the clim atic differences are not pronounced 
and they  seem to have very little  controlling action. In n a tu re  the 
com petition between the p lan ts is probably the factor w hich is finally  
decisive.

II a. The m acroscopic algal vegetation in the lakes studied h as  been 
described.

T he species w hich have been possible to iden tify  show a d istribu tion  
ind icating  th a t a groupage of the  lakes sim ilar to  th a t carried  out as 
regards the m acrophytes can also be m ade here. There is a very m arked 
borderline, the Cladophora lim it, separating group A from  the groups 
B and  C.

II b. According to physiological investigations Cladophora seem s to 
be adversely affected by a slightly  acid reaction of the w ater. This 
fact m ight indicate th a t the Cladophora  lim it is determ ined, at least 
indirectly , by the concen tration  of calcium  bicarbonate in the w ater. 
On the whole very little is know n on the nu tritio n a l physiology of the 
m acroscopic algae. T heir mode of life is rem iniscent to th a t of the roo t
less subm erged m acrophytes.

III a. The lake groups A, B and  C are characterized by a d ifferent 
content of phytoplankton , w hich  is evident from  the tw o p lank ton  
sam ples exam ined from  each lake. Some lakes investigated in respect 
to the  m acrophytes are not included. The difference between the lake 
groups is exhibited both in the qualitative and quan tita tive occurrence 
of the  various p lank ters.

W ith in  group A there is an app aren t difference in the com position 
of species between the so-called Myxophyceae-rich  and Myxophyceae- 
deficient lakes. This d ifference m ay possibly be connected, w ith a 
g reater or lesser effect of h u m an  culture.
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A sim ilar variation in the nu m b er of Myxophyceae  has also been 
observed in the lakes of group B.

III b. Possible ecological causes of the  d istribu tion  of the p lan k ters  
are discussed. It has not been proved according to the lite ra tu re  
th a t phosphorus and nitrogen  give rise to qualita tive d ifferences in 
the phytoplankton. Such differences are in the area under considera
tion correlated  w ith changes in the  electrolyte content, w hich is, in its 
tu rn , determ ined m ainly by the concen tra tion  of calcium  bicarbonate. 
The last-m entioned com pound is likely to  be a lim iting factor. The b icar
bonate ion is, for example, probably  a d irect source of carbon for some 
p lan k ters  and the calcium  ion is an tagon istic  to o ther essential ions. 
The bicarbonate also affects the hydrogen ion concentration  of the 
w ater. Many other causal factors are likely  involved, for exemple, the 
toxicity  of m etal ions and the possible inh ib iting  and prom oting effects 
of organic substances, but fu r th e r  investigations are necessary  for 
elucidating the problem .

The stim ulating  factors responsible fo r high productions of phy to 
plank ton  are not yet fully  clarified. Even if phosphorus and nitrogen 
m ust be thought of as m inim um  factors, a p lank ton  pulse is certain ly  
often in itiated  by other factors, e.g., c lim atic ones.

IV a. E piphytic diatom  sam ples from  shallow  w ater have been exa
m ined from  the m ajo rity  of the 31 lakes. It can he stated th a t even as 
concerns the d istribu tion  of the d iatom s differences are revealed, 
w hich ju s tify  a division of the lakes in to  th ree  groups corresponding 
to the th ree m aerophytic lake groups. A pparently  m any diatom s are 
ubiquitous, however.

IV b. Com prehensive field ecological stud ies have shown th a t the 
calcium  bicarbonate content m ay be a possible contro lling  factor, 
i.a. because of its  effects on the  hydrogen  ion concentration . The 
d istribu tion  in  the investigated  lakes m igh t perhaps indicate th a t the 
d iatom s in some cases are sensitive to changes in pH. No evidence th a t 
nitrogen and phosphorus are responsible for the regional differences 
has been obtained.

V. Some views on the use of the  term s eu trophy  and oligotrophy 
are presented.

VI. It is shown th a t the Scanian  lakes can  be divided into three 
groups both as regards m acro- and  m icrophytes. The m iddle group 
constitu tes a transitiona l type. The edaphic factors seem to exert 
the controlling influence on the com position of species together w ith  
the biotic ones. A close correlation  between the com position of species
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and some w ater-chem ical factors, particu la rly  calcium  bicarbonate, 
is to be found. The la tte r factor can thus be assum ed to  have a 
lim iting action.

Any correlations between the flora and certain  ecological factors 
obtained by field studies cannot offer a solution of the problem  as to 
the close dependence of the p lan ts  upon their environm ents.
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