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Einar Naumann: Some aspects of the ecology of the fimno-plankton.
with speclal reference to the phytoplankton.

_Svensgk RBotanigk Tidskrift Bd. 13, h.2, 1919.
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The ecological aspects of marine as well a8 freshwater
planktology have sc far not been consldered of much lmportance.
In freshwater limnology it i1s mainly the study of polluted
waters which has brought ouf the ecological aspects. Ecologieal
studies within the limno-planktologlicecal sphere have without doubt
especlally favourable conditions.Water as an environment offers
much more uniformity and it is surely easlerthere to survey
factors affecting development than in other habitats.The dis-
tribution of plants and animals differs further from the usual
pattern, -and theilr dependence upon sach other more pronounced.
This is therefore real ecology which includes all living things
and not only an arbitrary part,

I shall in this paper try to develop more generally Bome
fundamental bases for the ecological study of freshwater plankton.
A special atiention will be given to the phytoplankton assocla-
tions which can be separated out and made into groups according
to their dependence upon changlng environments.The extenslive
investigations which I have planned and partly executed in this
field can only be presented after further detalled studles.
Therefore I think it of value hers to give a summarizing and
introductory rewlew of these guestions. It 1g also without
doubt that the baslc problems of planktology are of very great
interest to plant ecology in general. :

1. The plankton concept. _

We no longer define plankton as any body which drifts in
the water - ag was Hensen 8 oripginal definition. The definitlon
should be restricted further to the community of 1lving plants
and animals which are peimarily characterized by their adapta-
tion to a mainly ~ drifting (planktonic) - 1life in the free
water. Kolkwitz {1912), who further clarified these questions,
defines therefore plankton as only the living part of all the
floating and drifting bodies, or the whole Seston. The plankton
must further be separated from what I (1917) call the neuston:
the community of plants and animals which have surmounted the
difficulties of drifting by settling in the interface itself.
They no longer drift as plankton 1n the free water but have
settled at ite outer interface. We must therefore from the
beginning be sure to differentlate between seston, plankton and
neuston. Their relationshlp can easily be seen from the
following:

A, Neustosgeston : class of formation:
the living and Neugton
' dead bodies which (
Seaton: every- belong to the j
thing suspended interface ot
iIn water and .
therefore driftiné}
B. Planktoseston:

the 1living and dead) class of formation:
bodles which belong Plankton
to the free water
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Plankton and Keuston thus represent totally different
clasges of formation.The followlng will only deal with plankton.

II. The relation of the ecological units to
planktology.

The plankionlic characteristic, to be able to exist free
and drifting 1n the water, requires ceriain differences when
compared to other communitles and in comparing basle ecological
issues. The environment {stdndort) is easily defined as a
combination of all the ecological factors which interact hers.

The plankton differs from other vegetation typea in certain
very important aspects. It occurs mainly in temporary aspects,
There is thus no constant floristic background against which the
annual change cah be measured. It is obvlioua that such circum-
stances make difficult the introduction of a rational definitilon
of a formation here. It 1s only the blochemical environment that
is relatively constant, and frow which the population increage
happene either according to varying seasonal aspects or occasion-
ally one single aspect wlthin a very limlted time span. The
concepts of formation that I will propose here are therefore
more abstract than is usual. But the empdérical assumptions are
more consistent, - this willl be further discussed later - than
has hbeen customary in this field. Put the characteristic change
of aspect within the plankton causes certain difficuliies in
adapting the concept of succession in this fleld ard this will
te diéscussed in more detall below.

The plankton shows the most marked difference from other
“plant communitles In the way 1n which the assoclatlons can ang
must be classified according to the nature of the environment.
We must assume that the assoclations occur in nature and they
can therefore be clasalflied floristically. The present knowledge
of the relationship of the different a&sgoclations to the com-
poaition of the environment makes it posslible to form higher
units, formations.

The moet luportant princlples involved will be further
dlscussed below. We would like to stregs here in the 1intpo-
duection that our attempts are not based upon the aegeptance
of uncertainly deducted viewpointa, but on a natural progress
of facts, obtained by empirical or inductive methods. The study
of plankton should especially in this respect be of great im-
portance for the study of plants in general.

"IIT. The groupling of assoclatlons into higher units
according to the composition of the environment.

Depending on which of the many factors in the environment
is chosen as a starting point, different divisions of the plank-
ton community are achleved. The great amount of information
which we already have - mainly through the works by Kolkwitz
and Marsson - concerning the close dependence of the phyto-
plankton produetion on the avalilable nutrient in the water,
should allow us to adopt a"eco~chemical starting point in
putting the asgoclations into groups according to the compositlion
of the environwent.

We therefore accept fully the right to put the environmental

chemical factors as the principal determining factors. There
are indeed other factors which occur side hy side with these
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but they act as secondary regulators. Especially temperature
and light should be considered. These are also necessary for

the development of plankton but by themselves they cannot accom-
Pplish anything. Thus they should only be considered as secondary
regulators - the environmental-chemical conditions ag the prim-
ary ones. The concept of formations within planktology must,
according to our viewpoint, be based upon these. The other
factors are thus only congsidered for diwision of the formation
into lower units. It 1g evident that the light factor can only
be of importance for the vertical gopatidvntidfbsobheidelporary

- distribution of the agpects within what we usually call the
plankton - l.e. really within the upver interfaclal plankton.
Put they can in general not determine its basic character.

The chemleal fsctors are the prime determining factors, if
thelr effecte are not impeded by the temperature factor. The
latter could obviously have a lasting effect upon the temvoral
distribution of the aspects, but it could also determine the
character as a whole of the upper interfacial plankton if s
certaln temperature necessary for the development of the most
iwportant assocliations is not attained in the temporal develop-
ment. In this way even temperature limlited formations exist.

But one c¢an only expect this wlithin the alpine or tropical areas.
Our present knowledge of the ecology of plankton does not allow
us a more detalled digcussion here. We shall here further delimit
our fileld to conditions within the north and middle Europesan
climate. The abovementioned conditions would not apply here and
we can truly say that the chemical environmental conditions dsk®
determine in the first hand the total character of the upper
interface plankton. :

Kolkwitz and Marsson (1908,1509) were the first sclentist
to study in a2 systematic way the dependsnce of the plankton on
chemlcal-environmental conditiona. The "ecologlcal system" which
summarizes thelr very great exvperience in this fleld, was lindeed
intended solely for the use in determining the purity of water
which earlier had been polluted with organiec pollutants. The
different stages in the "mineralization scals” defined here,
gshould also be pregent under unspoilt natural cenditions and not
only as a mineralising succesgslion in polluted water, I think it
is possible, by using a"system" like this as a starting point,
to place into groups the algal communities which occur in natur-
al waters and conditioned by the eco-chemical basis. It 1s flrst
of all an attempt in a general direction like this which here
is presented.

JThe Kolkwitz-Marsson system operates on 5 different stages
accoding to amount of nutrlent availlable in the water. The
pystem relies upon a detalled chemical analysis of the water at
these stages. Any guestions about these, I shall refer to the
original works. A large or small number of associatlions 1s
attached to each stage, and the assoclations are either gualita-
tively different and therefore characteristic, or also - very
" similar to my own experlence - quantitatively different within
the different stages, so that one associatlion represents the
cptimum with a peak production, another a nutritionally starved
zone and so on. The different stages with thelr characteristics
are as follows.
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1. The polysaprobe type (p). Found mostly in waters rich in
much rotting protein- Bolely heteqprophic agpoclations, re-
presented by bacteria, fungl and other colourless organisms.

2. The megosaprobe type (m) - Assymetrical and consisting of

2 special types, alpha (),beta (¥). The former group represents
a rather illdefined transition bdtween p and alpha; the latter
are represented by waters rich in amino aclds and other late or
endproduct of protein synthesis, The assoclations in the latter
group are mwainly autotrophic: algae and chromoflagellates with
a similar physiology to that of the{aminc organisumsi.

3. The oligosaprobe type (o) - Found mostly in waters rich in
nitrates. The associations purely auteotrophic, nitrate organisma,

Fig., 1. A graphlc repregentation of the different groups of
agsoclations as distributed in a water body during
self purification. In the top one the heterotrophic
dominateg, in the mlddle the eutrophic'and in the
last the oligotrophic assoclations, represented by the
agsoclation groups of p and alpha regp. beta and o,
regp. K. '

4. The katarobe type (k) - represented by waters poor in nitrates
According to my experience it could be &escribed as one which
in the first hand is limited by nitrogen. The assoclations are
purely sutotrophle, and according to my experience likely to he
aualitatively very similar to the ones in o. The k is thus, at
least to a great extent a quantitatively impoverished type of o.

These 5 types of the Kolkwitz-Marsson system should include
all the assocliations which vwe are likely to deal with in this
aphere.It 18 perhaps easiest to visuallze 1t in a dlagram of an

"Beologicalapectrun', with the 5 above distinguished types
grouped after each other as shown in Fig. 1. In here is then
fitted the type which is found in nature, and we ashleve a good
survey of the bhasic characters of the agsgociations in cuestion.
We shall elaborate on this question below.

The system of Kolkwltz and Marsson can, we think, be further
developed and adapted for a ratlonal classificatlion of the
plankton communities in general. It had indsed developed from
studles on freshwaters polluted with organlc waste materials.
The different "degrees of mineralization" thus obtained cap
also occur under strictly natural conditions in freshwaters
and eguivalent to permanent formations and not only to success-
ions as 1s the qae with "self-cleaning".The gystem also includes
organismewith very different types of nutrient physiology, from
pure heterotrophd to the most developed autotrophs. It is
worth pointing out here that the general application of the
gygtem in pollution studies has so0 confused otherwise critical
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workere, such as when Warming-Grazbner (1918) gdve it as a form
of "saproplankton” classification. And still it can include

all the plankton - and not least the groups which since long
have carried thls name.

IV. The relatlionship between the different assocciation
groups.
The successglons.

The association groups, which according to the preceeding
were erected aefter the Kolkwitz and Marsson system, could re-
present either relatively fixed types or only a 1ink in a
successlon. In large natural lakes the former -Ag generally the
cage.But a succession could also occur naturally in a pond.
This is only known from culturally polluted waters, where the
"sglf-purification” of the water gives the successions
Pex»>Poo=k. The pollution operates of course as & succession
in reverse, if the pollutant is not added too suddenly. We
obtain thus the same seguences of the different mineralisation
stages which occur naturally in lakes, ponds and rivers.

In natural bodies of waters or2anticipates relatively -
fixed associations of the type p,o\,j?, o, and k., which de-
pend on the prevalling nutrient condltions in nature.Only the
nutrient poorest waters give the k type, the nutrient rich ones
different stages ofcd_and o. But the types p,Cr, and k repres-
ent under natural conditions an eﬁ%ption. The former can only
be found e.g. in ponds especially rich in vegetation, and the
purification capacity of the water 1ls incapable of coping with
the very lapge amounts of organlc material, which to a great
extent are produced by relatively autrophic forms and here
heterotrophic types dominate the plankton development. This con-
dition can become permanent - I know of one such pond where the
sulphur bacteria i1s the mailn plankton- but it can algo occur
periodically when becomling auto gaprobic with "self purification"
following. We can then agaln consider these types as succesgslons
in a development, the c¢limax of which will be the de~gaprobised
epdproduct. The difference between the relatively fixed forma#
tiong and those that are only a link in a eco-cliemically
conditioned succession, mugt be kept separated in ecology.

The types which show the extremesf p,m, and k) are always
easy to keep separated.It 1s less easy to deliminate the others.
We therefore do not think it asppropriate to designate these
types as proper formations, but to make out only 3 nutrient -
physiologlcally definable formations to include all and as
follows: '

Mainly ) p
heterotrophic DAL & m The heterotrophic

types formations

Mainly - m Yy The eutrophic formationg
autotrophle 70 }, The oligotrophic formation.
types k .

In this way we obtaln a natural grouping of the different
definable flcristic associations, and a similar example does
hardly exist at the present within ecology.
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According to the above presentatlon, we get 5 nutrient-
physiocloglcal delimited groups, each one made up of an often
considerabe number of associationa. We shall here further de-
velop the queﬁion of how thege could combine in a varilety of”
ways to be made into the 3 formations we proposed, and how they
develop in the groupe of freshwater bodies that we have acknow-
ledged for a long time namely, Lakes, rivers and ponds.

' The plankton of lakes, pondeg and rivers was sharply dis-
tinguished from each other by older phytologiste. It is also
evident, that different physical factors within these types of
waters must gelectively have been important for the origin of
different assocliatlions, but its prime basis must be found in

the eco-chenmlical conditions.Generally in the lakes and ponds

many d¢ifferent assocliations dsvelop, even though we are dealing
with by definition the same formation. Sometimes the associatlons
are abhsoldely identlcal. It is not possible to speak of apecific
apsociation types for running watera. :

For this reason it 1is obviousgly not possible to attach too
"great an lmportance to the old concepts of limnod heL;, and
potamo-plankton. To accept this delimitatlon to formationa
would mean ignoring the main regulating factor, the eco-chemical
one,.For practical reasons 1t ls here more sultable to character-
bzo separately the eco-chemlcal dependent asgsoclatlons 1n lakes,
ponds and rivers.

V. The plankton formatlons in lakes.

From an ecological polint of view, mainly the north and
middle FEuropean lakes have been studled in some detail. If we
exclude the sexception, represented by very deep lakes, then -
as I already in 1917 have explained in detail - the material
can roughly be grouped under two headings: a nuirient rich, and
a nutrient poor, each of these directly influenced by the sur-
rounding nature.Here we have thus primarily two formations.

1l.The eutrophic formation of theg¢ eulimnoplankton.

Thig formation is characteristic for lekes situated within
electrolyte rich soil formatlions where also areawsilable or-
ganic substances resulting from normal degradation. The plankton
thus works towards high peaks of productivity and the colour of
the vegetation dominates the waters own colour. From a nutrition-
al-physiological point of view the assoclations which occur
here must be located between X and ©. The ecological sgpectrun
will appear as shown in Fig. 2.

The characterigtic of the eutrophie formation is obviously
the high production of the relevant associations. Nnyphyc@eta
can generally be consldered as the most characteristic, repres-
ented nearly all year round in different aspects.

Fig. 2 Graphlcal illustration of the distribution of the
agsoclation groups within the oligo resp. eutrophic
type of lake.
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Smaller and shallower lakes of this type should be consldered
as a faciles by themselves sufficiently characterised for this
assoclation. But it is often richly interspersed by Pedlagtra,
Scenedésmus and other forma.

Deeper lakes offer a speclal faclies, mainly characterlzed
by many and long peaks of high productlivity through the assoc-
iations with Melosirehan: Peridinata - limited to the cold
regp. the warm water period of the water. Ewen here the Myxo-
Phyceta can become lmportant.

In summarizing the ahove, we obtain the followlng groups
of the eutrophlc formation. '

Hydrographically /" Myxophyceta
Eutrophic or chemlically } Peridineta,
formation dependent types (jMelosiraEetc.
On previous (" Unknown typeE
history dependent {h

The assoclations mentioned here have been known from the
very beglnning of plankton study in the nutrlent rich lakes
of the Baltlic lowland. Florldstically they have also been
classifled as the characteristlcs of the "Baltic" type of lake,
But are we reajly entitled to take these floristie viewpoints
for granted, as we have done here, and Turther expand a view-
point?

There - should be no dcubt about this. & considerable amount
of chemical data exist on this lake type and they show & geners
al agreement with conditions attalned during the self-purifi-
cation of the water at the stage »> m and o. I here refer to
the numerous publications by Kolkwitz. By drawing a simple
analogical conclusion we can lump all the""Baltic" associa-
tions exactly in the nutrient-physiological groups ofm and o.
Here again we have shown the justification of the principle
which we follow here - grouping of assoclatlons into higher
units according to the conditiond of the environment.

2, The oligotrophic formation of the eulimno-
plankton.

This formation is characteristic for laskes situated within
80il formatlons definitely lacking in soluble electrolytes,
andhere might also occur great amounts of productes from the
peat formation of the organic substances. The plankton ls
here in a minimunm production curve and a colouration from
vegetation is really missing hers.

I shall group this lake type as the first known example
of a katarobe assoclation; on a larger scale. The ecological
spectrum of this ls already shown in Pig.2.

The characteristic of the oligotrephic formation is
firstly the accentuated low level of productivity in which
these associations occur. They &#eo differ gualitatively from
the eutrophlic formations. Especially characteristic is the ab-
sence of greal numbers of Myxophyceta which 1n the peak of
high production characteriges the eutrophic formatlion. There
are indeed aqulte a nuwber of specles common to both the eu-
trophic and the oligotrophic formations and the difference
between these formatlions must to a great degree rest upon
guantlitative aspects. As purely qudaitative gharstteristics
for the oligotrophic type the following assoclations can be
mentioned:
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Chlorophyceta, Chrysomonadinets, and Desmidieta ete. within
the 11mits imposeéd eariier (&9AT). , :
These different katarobe associations typifled by their

- production wmipima (low production) ammay occur combined but
they often represent differenti types of the oligotrophic form-
ation. It is possible that among these the occurrence of
Desnmldietur may be dependent upon historilcal factora. Telling
(1905} emphasized this by naming the association the "caledonian
formation" - a térm which could be accepted for the histori-
cajly dependent types of the oligotrophic¢ formetion - but not
more than that. The associatlion in guestion is first of all a
typical oligotrophic formation and emphasis should be put on
this in the terminology. It is possible that it dlso represents
a historically dependent type of the oligotrophic limnoplanktion
formation and should thus be the sole known example from North
and Middle Europe of the importance of historical factors in
the compositlon of the plankton communitiesz in our fresh waters.
In nature the oligotrophic lake type occurs especlally with-
in the areas w&th primitive rock formations, partly as a clear
primitive @ rock.- lake, partly as a humus lake., A parallel§
between the hydrographical resp. chemical conditions and the
development of the plankton has not yet been shown. It further
appears as 1f the different assoclatlons of the oligotrophic
formation may occur in elther of these lake types. Thls 1ls of
great importance for Desmidietum - and I have eariler slahborated
on this (l.c. 1917).
IT we summarise the above, we clearly obtaln the following
groupings of the olligotrophic formation within the sulimno-
plankton. H .
" Hydregraphically [Chlorophyceta,
or chemically Chrysomonadineta,
dependent types ete,

Qligotrophic
formation Historically Degmidieta
dependent types

The ahovementlioned asscciations were flrst floristically
geparated out in the work of Huitfeldt-~Kaas (1905) and referred
to @8 a characteristic for the "north European" lake type. 1
have gone even further(1l917) to say that the basis is purely
eco-chemical - a procepdure one is entitled to use from evi-
dence from the fleld. If we further study our lakes in the
primitive rock formations, as did Hoffmwan ~Bang (1904), Aschen
(1906} ~ and with the chemical analysis available from these,
make a comparison wilth the "degrees of mineralisation" from
Kolkwitz and Marsson, then it becomeg obvious that we cannot
any longer deal with the gaprobe definitions. The only thing
we cap do 1s to include these agsoclations in the katarobe
type. Kolkwitz and Marsson were most likely not aware of this -
for the simple reason that the lakes in the north German lowland
do not represent such an eco-chemical poverty.

The oligotrophic formation thus becomes the characteristic
formation of the really nutrlent poor, katarobe waters. The
eutrophic formation, on the other hand, shows under most con-
ditions a 1leaning towards the saprobic because of the abumdance
of organic material, which 1s broken down here. This autosaprob.
ing process only leads to thegwstage and it 1is unrealistic
to vizualise other formatlons in the upper interface of our
lakes.
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%. The heterotrophic formatlon in lakes,

" There 18 obviously only a small number of heterotrophic
formations mixed in wlth the formatlons which consist malnly
of autotrophic organisms. It 1s selfevident that every form of
organic 1ife must depend upon a greatsr or lesser agtosaprob-
igsing of what 1s avalilable - and thus heterotrophic organlsms
muet always exigt there. From this condltlion to the formations
domlnated ty the latter a very long bridge must be built. Théo-
retically as well as actually the upper interf&ce(surface) water
would hardly exhibit this.
The bottom water behaves quite differently. Because into this
water sinks all the time the conslderable number of dead bodles
from the pelaglc zone - and here 1s . a continued contact with
the bhottom mud which within the eutrophic 1ake type is well
known to contain considerable amounts of nutrient. The condltions
for the autdtrophic way of 1life are llumlted by the light con-
ditions. Theoretically one can assume that the formations of the
bottom water are rather heterotrophic - that a vertlcal zona-
tion exists within the lake, a vertical connectlon of the eco-
logical system, very similar to the type shown in Dlagram 3.
' It is obvious that this sort of phenomenon must occur within
‘the eutrophlie lake. But they have not been studled yet. This
vertical zonation was Ffirst described by Ruttner {1914) at Lunz
in Lower Austria and by me at about the same time from Xloten
(Vestmanland) in oligotrophic lakeas where a"summer? prevented
the vertical circulation and conditioned 1ts occurrence,

Y s QQ/)

Fig. 3 Graphical 1llustration of the distribution of the
agsociation groups in a vertlcal direction within a
nmitrient-physiologlcally layered water.

On top the real surface(upper interfacial) plankton
which belongs to the oligotrophic formastion. In the
wlddle an Iln-between-gtage characteristic of the eu-
-trophic formation., At the bottom the bottom water
with ite heterotrophiec formation.

This heterotrophic deep water formation can {because of
speclal clrcumstances 1t has not heen possible to publish the -
raw material for this) be broken up into a great number of
assoclations which according to their nitrient physioclogy
prove very heterogenenus. Within the bacterial world it is
clear that hoth H,5 oxldising as wejl as HpS producing bacterla
of different types are here of importance. To these can be added
a seréles of less speclalized saprobes as well as certain other
iron tacterla. Whether the last mentioned associationsg are
posaible without an addition of the allocchthonus iron 1s in
doubt.
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We already have investigations - indeed only for a few
lakes - which make it possible to place them into groupas. I
do 1t in the following way, with the reservatlon that auto-
trophs with chemoaynthesis have till now not been separated
from the heterotrophi#s. o

1. Assoclations with a general saprobie
tendency.

Example:Infusoria, colourleass flag-
ellates. Commen in the deep waters
in the tarns of Kloten.

Heterotrophic _
formations < 2. Speclallzed assoeclations.

l. HoS oxidising bacteria.
Examples: sowe tarns by Kloten.

2. Different types of HoS producing
hacterla.

Exsmple: Cbersee near Lunz.

The above can saslly be adapted for freshwaters other than
lakes. It 1s of great importance that we finally make 1t clear
that the conventional meaning of "plankton" only represents
a comparatively narrow layer, wherein the afmtotrophis life ean
exlist., It does not go very deep, but below it 1z another typse
of plankton, just as important, where the remains of ths
organlc autotrophs are broken down and reincarnated in the
heterotrophlic deep water plankton.

Ruttner hag dealt 1n detail with the eco-chemistry of the
deep waters. With respect to chemistry the agreement with the
polysaprobe respectrve(x\mesosaprobe water types 1s generally
good amd puts stlll more welght towards the grouping based
upen the nature of the place or environment, which I have been
doing.

4, Lake formations as fixed entities or as a part
of a succession.

¥e have already pointed out that the lake formatlons under
natural conditions must in general be consldered relatively
fixed. From the present point of view successlong as such
could not he included here. But every organism-production
conditlions a autosaproblsing of the environment.Within the
olipotrophlc lake type the productlion i1s generally so low
that it is hardly possible that the k- stage can be crossed.
This nutrient poor formation can doubtless}be conglidered the
most stable of the plankton formations.

But conditions are different wlthin the eutrophlic formatilon,
Here everything is aimed at high production and it is in :
reality fantastic amounts of organic substances which are in-
carnated by the plankton.An elucidative example of this ls
the guantity({pumbers) of our most common nannoplankton forms
publishedxpyx¥aXkniixxkIRRRX by me (1918)and for a larger
alga by Kolkwitz (1909). It is evident that this must, at cer-
tain times, make necegsary s considerable autosaprobising of
the environment. As a general rule the sutrophic type must
oscillate between o and the> m stages- similar to a model for
a reversible reaction. When the avallable nutrient has hbeen
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totally exploited, the productlon goes back towards o, but the
Oy m stage ls reallsed soon agaln through autosaproblsing and
hug the preconditions for a new production. Such a point of
view deserves without hesitation a greater attentlon in the
interpretation of conditions for perlodicity in general.

Other successsions of some importance c¢an hardly be expected
‘within the present framework of life in the lakes. The oecilla-
tion between the assoclation groups Y <o mentioned above,
invokeg a doubt whether it 1s right Yo ¢all them successions,

It i1s not until historical-geologlcecal view-polints are egtablished
thgt such phenomenon can be expected.lIt is thus evident that the
re-growth in the lakes must as far as plankton lg concerned be
correlated with changes in assoclatlions and formationsg. One
mugt, for exawple, assume that a maximal development of life

in a sutrophic type of lake starts from a haslc type whilch
falls within the framework of oligotrophic mode of 1life and at

& time when the water still could not draw upon the mobile
organic substancea which along with a plentliful supply of electro
lytes condition the heginning of high productlion. On the other
hand, other new successions must follow the sutrophic stage « _
elther in the direction of Iincrease in nutrients or sooner or
later of decrease.For the oligotrophic lake type at iis peak

it seems very difficult to assume fOrm the eco-chemical point

of view a succession of different formations- at the very peak
really a definite change of aspect through anh associagtion-
ghift. Each opportunity for a succesgsion in the true maining
(change in formations) 1s blocked by nutrient-blological reasons;
the nutrient reserwzes of the enviromment are small during the
whole development and increase, and thus not - as is the case

for the eutrophic lake type -~ osclllating from poverty to riches
and vice versa. It 1s evident that such succesgions ean be re-
constructed paleontologlcally to a greater degree and more sufc-
ggsfully here.To take even further such point of view should
offer an interesting and fruitful work for the paleo-limnological
aspect within the studyof the psat mosg.

VI. Plankton formations in ponds.

If our view, that the formations are limited by the eco--
chemlcal conditione of the environment, is accepted then we
can hardly speak of a gpecific plankton for ponds. In general
there is a difference here 1In bespect to the assocliations which
occur here and the lake plankton, both in a pogitlve and a nega-
tive direction. Zacharias, who created the concept of heloplanké
ton in 1898,emphasized that there was & positive deviation in
the phytoplankton from that of the true limnoplankton through
a consliderably richer representation of the lower green algae,
flagellates and other forms., On the other hand, certain associa-
tions which characterlze lakes were miessing here, f.ex.
Meloslireta, _

These differences depend on eco-chemical conditions and
they have heen dfiscussed earlier. If we, e.g., compare the
ecological spectrum of the eutrophlic lake type with that of a
pond in the same area then we fiind that the latter spectrum
often lies a hit further to the left. The associations will thus
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differ as well as the formatinne because of the varying eco--
cthemical conditions.This is the. decislive factor in comparisons
between lake and pond plankton. The formations mre primarily
deterwined by eco-chemical factors, and other factors can de-
cide variations on these, of which some will be speclally
characteristic for lakes, others for ponds. It is evident that

" other factors along with the eco-chemical ones can be of im-
portance in & secondary area so that the posslble primary assoc-
lationgroups for eco-chemical reasons are excluded. As example
we can mention conditions for dispersal, thermal conditions,

ice cover, condltion of currents and so on. - &ll factors the
specific influence of which 1s unknown. These are, of course,
already important for the differences in formations within
different lakes and should be much more lmportant when one
compares lakes and ponds. But there geems no reason what-so-ever
to justify equating thelr lmportance with that of the sco.chem-
ical factors on which we have defined our formationas.

In the true sense of the word, we cannot apeak of a special
pond~plankton hut only of certainn.hel ilic varients of the
formationg formed according to nutrient-physlological conditions.
It is only for prectical reasong that we here deal with thesge
formations.

Our knowledge of pond plankton 1s very dsfective. Most of
our modern studies have been made on parts that can dry out, and
the conditionsg of plankton in the more natural pomds have only
in a few cases been studlied with the help of modern technical
ailds which are the only ones that give a true basis for ecologl-
cal works,

We shall here use the same division for the pond plankton
ag the one used for the lake plankton.

1. The eutrophlic formation,

Thig formaticn is characteristic for(gonds gituated within
the same area as the eutrophic lake typ .. Pornds of this type
have been studied by Diefenbach and Sachse (1912),Schedel (1910),
Wagler (1912) and others. I have myself studied several which
belong to this group and culturally conditioned in the 1ow1ands
of .8kane.

éJI‘he plankton production 1s here towards peak production and
the ecologlical spectrum agrees with that of theeutrophic lake*®
type..

These studies have first of all shown that the eutrophic
pond formatlons can to a great extent be formed by the same
assoclations that are characteristic for the eutrophic lake
formation.Alongside these associations are some specifically
helophilic (helofilic), such as Euglena, certain of the lower
green algae and s¢ on, - all asagoclations with a nutrient-biclog-
ical spectrum far out in the region, that is, conslderably wore
to the left of the typical distribution of an eutrophic forma-
tion; compare Fig. 2 and 4. The reason ls obviously the greater
availability of exploitable nutrients, which ponds -~ ceterils
paribus - have to offer than lakes where in compariscon with the
volume of water there is & dominating mass of higher plants,
and through the contact of the water with the nutrient rich
bottom ete., Similar agsociations can cceur in lakes, but then
mainly as the consequence of culturally caused pollution. This
gort of enriched water in pemndevcould only occur as a part of
the auto-saprobising of the water.
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Fig. 4. Graphlical illustration of the distribution of the
agsociation groupe within a eutrophic pond.
The uppermpost spectrum agreeg very closely with the
eutrophic¢ lake type in a typical development of it.
There is in generai an increass towards the saprobe
areas.

There 1s no doubt that the basic determining factors are
only the eco-chemical conditiong, and that lakes and ponds which
belong to the eutrophic type with respect to plankton production
composition must be consldered in the same way.

2.The oligotrophic formation.

The formation 1ls characteristie for ponds situated within
the same area asg oligotrophlic lake types. Plankton productlon
is here low and the scological spectrum agrees with that of the
oligotrophic lake.

Relatively ungpollt ponds of this type have planktologically
not been studied in detail. The above characteristics are based
upon my experience with relatively recent - not more than 10
years old - ponds that can dry out. The assgoclations Which
cceur here belong typlcally to group k but agree floristically
not at a2ll wlith the oligotrophic lake type. The reason for this
1s very likely the deying out of the pond, conditions for dis-
persal, and so on. It 1s obvious that the cultural impact must
cause many modiflications on the assocliation pilcture. For a furthe:
discuselion on the oligotrophic pond formaticu under natural
conditions such materlal is of course not usable, and we shall
not discuss it further bhere. The only possible starting point
mist be from studles on relatively natural ponds wlthin that
arefa.

3. Heterotrophie Tformations.

Ponds which are situated within a nutrient-rich drainage
area, could under natural conditions finally belong to a bio-
chemical environment where only purely heterotrophic forms
can develop. The autosaproblsing ecan start both from a disappear-
ing high respective over-productlon with respect to the plankton,
as well ag -~ and especlially - from the masg of phanerogamic
plants.

Examples of thls type are egpeclally to be found in Kolkwitz
(1911). As for other things concerning the grquping of the
heterotrophic formation, I shall refer to my bovementioned
gummary on p. 143,

4, Successions within the pond plankton.

Pirgtly,it 1ls self-evident that the relationsghip of the
successlons within the pond plankton must be the same =8 that
for the lakes. I shall here 1limit myself by referring to the
earlier discussion of this.
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But there is one case, where the successions within the
pond plankton is more distinet than within the lake plankton.
namely, as showh earlier, .the the autosaproblming within the
surface water never exesdéed thegém type and that a succession
within the typical eutrophic lake' type ®as limited by the os«
¢illlating between the stagespm<,0, Within the oligotrophic
lake type all autosaprobising i1s unthinkable and thus also
succegsiona in thés meaning, ,

The oligotrophic type of the pond plankton thus agrees
completely wlth the lake-plankton. The sutrophic pond can,

- because of the enormous quantities of organlec material which
accumulates here - because of the phanerogamic plante - in an
environment inducfive to rotting, get further. We must thus here
assume a succession which cuts through all the stages -~ except
for k, where, because of the nutrient poverty, such a thing
could not exist. Fupthermore, this successlon runs parallel
with time of year, mo that during the autumn - when the phanero-
gamlc vegetation dies down and begins to break down under
largely heterotrophic forma - 1t 1s the time for beglinning of
the autossproblslng. The agsoclations can hardly be considered
as aspects in the true sense of the word. In extrems casesg the
guccessions make a complete eircle with "aspects", which from
nutrient-plyysiological point belong to different formations,
This can obviously be represented ¥y a simple equilibrium
equation. But 1t should be presented as Filg. 5 showsg. For the
purpose of comparison I also give a typleal, but shomtened mode
of succession { Fig. 6).

The different "aspects", occuring at different time of the
year, represent in thils case very different formations., I think
that I am also entitled to consider these as real succegsions.
But this is obviously very opposite to normal conditions, where
the blochemical environment is nearly constant during the year,

"and at the most has some gmall deviations of the typﬁgymg?o,
where the aspects only repreasent different assocliatlofis ab an
expression for the same nutrient physiolegical formation, with
relative homogené@ity.

T@g completely circular type of succéesgssion represents rather
the exeptlon, according to.my experience. But it is anyway of
great Mmportance that theskhIft ocalsed e autosaprobising in
general goes further in ponds that in lakes, and thus assocla-
tions from very different formations can appear as dominant

"aspects"also in the yearly variation of the surface plankion.

vii, Plankton formations in running water.

A special "potamoplankton" exists hardly in a plant blologlc-
al sense., The plankton of the running water should really be
considered a large potamo-allochthon- transport; or - if the
current is very slight - a true production of such forms which
the biochemical environmental factors allow. The physical factors
can later have a selective influence, as is the case wlth ponds,
that 1s indeed selfevident.Among these we must firstly conslder
surrent. - _

In accordapce with the views that we have developed here,
we are justified in grouping the plankton formatlons in the
rivers, which truly show a autochthon production, in the same
way as we did for lakee and ponds. Even here we maintain the

abovementioned types.
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Autumn
¥inter

Spring Summer

Fig. 5 . A schematic survey over the circular successions
type characteristic for very nutrient-rich ponds, Whole lines
mean desaprobising, broken lines mean saprobisling parts.

1. The sutrophlc type.

The distrlibution and characteristics agree with what eariier
has been mentioned for the eutrophic lake type. Such rivers have
been studied by Kofoid (1908), Bethge (1911, 1915), and others.

Florisgtically the assoclatlions agree here nearly completely
with that of the eutrophic lake type.

-

P

-—

K

Fiff. 6. A schematlic survey of the shortened types of
succession.Thegse should really be considered as an assoclatlon
shift within the same formation.

On the left hand side at the top is the idealised scheme
for the eutrophic lake type, which in nature nearly always
occcursg in the right hand form. At the bottom the katarobe
1ake type without successions.

Whole lines mean desaproblsing, broken llnes autosaproblsing.

2. The oligotrophic type.
The distribution and characteristics agree with what earlier

has been mentlioned for the oligotrophic lake type. - Rivers of
thls type have so far not been studied in detail.
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Chemically the sutrophlic type indicates ab™undance of
electrolytes, whereas the ollgotrophic indlicates poverty of
these. For Sweden reference can be made to the analyesed material
published by Hoffwan Bang (1904).

Any further types of formations are hardly to be expected
undsr normal conditions in this area. The problem of relation-
ghlp of successions can be referred back to what has already
been sald about lakes. - Only very few studles are available
on the blology of riverg under natural conditions, and among
these especlally Kofold s (1908). But there is much more mater-
lal available - especlally German studies - on culturally causged
changes in the normal combination of associations.

VIII. A summarizing survey of the limmological
plankton formations.

We have here developed the concept that one can completsly
carry out the d&vision into groups by using the three formations,
-eutrophlc, oligotrophiec and héterotrophic, on any sort of

fresh wafer, - a lake, a pond or = ver. The asgsoclations which
come under these headings may be dl&i usely spread out within

any one of these water types, - or #86s’,0ccur especially within
any one of these water types. 1 therefore thin-k it Justified

to consider these water itypes as a speclal facles of the three
formation§ defined in the first place through nutrient physiology.
The limnological terminology for the formations and theilr
distribution is then as followsa.

A, Horizontal distridbution: only in nutrilent
rich bodles of water.

g) Eulimnie facles.
I. The eutrophic . b) HelopPhillic facies.
formation. c) Potamlc facles.

B. Vertical distrlbution: strictly in the
surface water only

I1. The oligotrophic{j_Same groupinﬁas in I.

formation.
III. The hetero- A. Horizontal distributlion: strictly 1n
trophic saprobe watersgs only. o
formatlon, a)A limnic facles does not occur under

natural conditions,
b) Helophilic facles.
¢) The potamic faclies does not occur.
Vertical distributlion: Photiec conditions
do not 1imit 1t to surface water only.
But it can form a special very deep
facles of the eulimnic life,

ool

—

w1th.the abovementioned forms which exist under natural
conditions as a base, it may be sultable to discuss here their
relationship to cultural Influences.

IX. Natural and cultural formations.
It i1s not our purpose here to give a complete survey over

all the culturally caused interference in limnological 1life.
But we shall limit ousselves to the phenomenon directly related
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to0 the questions which we have been dealing with in the pre-
vious chaptera. It is thus an elucidation of the formations
limited by nutrient-physiclogical .factors, and how they are
dependent upon cultural factors, which first of ¢l demand our
attention.

In the previous chapters we have found that three large
formatione are to be found in natural waters - the eutrophlc,
the oligotrophic and the heterotrophic & which in their dis-~
tribution are dlrectly dependent upon thainzilrsszoforke envir-
onment. .

Culture can cause a pollution of water ~ that 1s a shéft
of the nutrient blological spectrum towards p. Kolkwitz and
Marsson weretthe first sclentific workers to give a systematic
explanation, to these questions, summarized in the ecological
Bystem of 1908 and 1909. As -we have shown earller 1ln this paper,
this can alao be used for water-bddles under completely natural
conditions and has been used as a foundation for a rational
clagsification of formations in general, The study of water
pollution must thersfore, according to our concept of the natural
formations, be considered of basgle lmportance - which really
means full-scale experimental eluclidation of the impact of the
environment upon the formation type. In the followlng we shall
1imit ourselves to a few elucidating sxamples of this.

1. Lakes.

According to our previously developed concept, the sutrophlc
lake represents the limnological expression for a good scil in
the neighbourhood. The blology of the water must all the time
be consldered agalnst the surroundings in general when foll.
owing our concept, - a point which obviously can be very pro-
fitable.

For the formation of the eutrophic lake type within the
fertile fields of the lowland, we do not, according to our con-
cept, have to gbume cultural influence. It Yerylellply arises
by 1tself asg a result of the auto-gaprobising going on there
for some time.

It 1s most remarkable that the above points have been left
unnoticed till now. We congidergthem very sgimply of fundamental -
importance for the ratiopnal development of the plant ecological
concept. '

It 18 1ndeed obvious, that our ldea of the origin of the
natural eutrophic lake type can hardly be proven by plankton
studles in that area., On top of this comes the dominating role
of culture in these areas. Telling (1916) said " The patural
factors themselves arounfi the lake do not play a decisive role
-==-=, but it is indirectly the surroundings,that is, the degree
to which 1t favours settlement and crops". We can of course not
accept this statement, which 1s opposed to our own fundamental
concept, that in the direct character of the environment can
be meen the firast condition for the further ghaping of the forwma-
tion. Aa a proof that our interpretation is right we can refer
to a paper dealing with the effect of autosaprobisation {Kolk-
witz 1911). An experimental proof for this can be found in my
own work where nutrient poor waters were enriched, where the
combinatlion of electrolytes and organic material - thus the same
materlal as that for the eutrophic lake type, regardless of the
cultural effect - gave the greatest peak production. The litera-
ture dealing with this was summarized by me in 1917, 1918,
Studlies of relatively natural association groups - see Naumann
(1911 - 1919), Plimecke (1914), and others - further point in
the same directlion. All this is really valid for heloplankton;
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but these findings ought to be acknowledged to be of as great
importance for the eulimno-plankton. It should be pointed out
here that a direct explanatlion of these could be obtained from
a critical interpretation of the eutrophic mud deposits in
relation to planktology. A paleolimnologlcal study with special
reference to the biological parts which are now unknown, but
could offer something of great lnterest.

Within an area which 1s oligotrophically determined by the
quality of the surrounding fields, a naturally occurring eu-
trophic lake type would be unthinkable. But if such a one does
occur there, then it must be culturally conditioned. As an ex-
cellent example to illustrate this for Sweden 1s the lake
gystem by vaxig , the chemlgtry of which has been studied in
detail. Here we find - see Sonden (1914) for further information-
four lakes "connected" one .after the other and in the direction
eway from the source of pollution showing a complete transition
from the eutrophie to the olifotrophic type. The first one in
the chalin can hardly be distingulshed,planktologically, from
g natural eutrophic lake type, and the last one agrees completely
with the oligotrophic type which is a charaeteristic natural
type for this landscape. This 1s one of many experiments, which
clearly shows the domirating influence of the eco-chemical con-
ditions and from our point of view very clearly shows the true
motivation for the grouping of the assocliations, which we here
have done.

It is self-evident that thlis concept that I have developed
on the eu- angd oligotrophic lake types can also in actual practi
ise - the pollution studies - be of decisive ilmportance. It 1s
namely not the plankton production by itself that is of prime
importance hut it in relation to the condition of the environ-
ment. What 1s wery natural and obvious in the flat Baltile
countryside - the eutrophic lake with high plankton productivity-
is as unnatural and out of place in for example the geologically
0ld (primary rocks) parts of SnméTend. Here the oligotrophic
type is the natural one, and the eutrophlc on the culturally
eondltioned one. -

2. Ponds.

To aghleve a really empirical collection of materlal for
the study of the problem of the dependence of the plankton
formation upon the blochemlical environment, the pond culture
espeoclally is of great interest with its dependence on culture

formatlons.
' It 18 evident that the pond culture in many waye ls an ex-
"gellent experiment on a larger scale for the purpose of elusi-
dating different ecologlcal realities. The periodlical drying out
of the pond and local differences caused by this, possibility
of dissemination from pond to pond, but hhis is 81l of lessg im-
portance than the blochemlcal which 18 in practice realised
through liming, fertilisation,mechanical bottom cultivation and
so forth. But it was I who first brought this out to any extent
at the first Swedish Filsheries Laboratory in Anaboda. A few
examples of this might be of interest.

In the area I have studled the natural formation ls typil-
cally oligeotrophic. The reatlt of enriching the water with
appropriate fertilizer, performed by the fodder-producing -
technique prevailing and during the years of 1912, 1913, and
1914, was a very characteristic eutrophic formation with associ-
ations of the typicalqﬁnh The natural formation disappeared
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completely and we were faced with a eutrophlc richness, which
mugt meem very peculiar to anyone not familiar with the proper
conditlons. By 1915 the ebovementloned foddsr-producing technique
was stopped and the productivity decreased immediately with a
return to the former natural formatlion with its bhoth gqualita-
tively and quantltatively poor agsociationa. For further detaila
I refer to my publication on this (1914). It is hard to think
of a more beautiful and on a bigger scale experimental elucids~
tion of the problem on the dependence of the plankton formations
upon the conditions of the blochemical environment. The above-~
mentioned sltuation might also show to which degree the pond
culture could be used for studies of plankton ecology.

It mast be obvious that the pond culture in general offers
a very rewarding fleld of study for ecology. It further must be~”
unguestionable that future studles will utilize these poasiblli-
tles more and more where the adoption of a rational scheme of
fertilization would give the ilmportance of the large scale but
wlth detailed precision. As for the guestions concerning the
practical importance and the experimental detalls of the studiles
of the original production of the water in its relation to the
composition of the environment, I sghall refer to my summary
about this §l.c. 1918).

To make a long stéry short, the ecological research can
thus utilize to a great extent the purely practical work ex-
periences. We should also not overlook the faet that ecology in
the form of applied science can help practical life}l.

3. Rlvers,

The cultural formations of lakes and ponds generally stay
at the eutrophic level., Thlg 1s done on purpose in fish ponds.

A ptronger saproblsing could degstrsoy the production possibili-
tieg which one can increase by the right amocunt of poliution.
Oligotrophic environments are poor in production and this we
mist overcome. Fertilisation leads ito saprobising of the water
and , if properly kept within certain bounds, as explained
earilier by me (1918), may lead to a general increase in pro-
duction. The optimum would be repregsented by the highest y?m
type. )

The saprobising of the laskes and thereby the appearance of
culturally condltioned formations is an Iincidental side effect
of increase in the spread of population and industrialisation.
Also here the conditlon is that the? m stage is not surpassed
in the water body. \

But it ig quite different with running water, along which
industry also congregatesg. Here we find the deplorable phenomen-
on of culture formations of the p,¢¢ and ~ thug in severe cases
horizontal unrolling of the whole charactéristic zonation. The
German literature especlially has to offer a large nuwmber of
scologically very instructive examples of this - summaries by
Kolkwitz 1908, 1909, 1911.

A decrease in the water current generally offers the com-
plete eulimnic respective hellc conditions for the potamic facies.
A correct interpretation of the associatlong which typlcally
belong here must include the study of river pollution with its
rich zonatlons. '

X. Other ecological problems.

This presentation of some aspects of the ecology of the
l1imnoplankton has on purpose been specialised. We have nearly
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exclusively dealt wlth the problem of the chemical factors of
the environment and their importance in the classification of
the Tormations.

We think thie one of the most fundamental problems in the
field., It 1s really the only one that can be dealt with 1n
some degree of rellability within the present framework of these
studles. The lucidity which can arisge from a causal grouping
of different assoclation groups, doses really represent a unique
case within plant blology and should therefore be considered
of not smwall fundamental limportance.

But other ecological questions have hardly been touched
go that preliminary conclusions can not be conaldered at this
stage. This would lnclude the prohlem of dissemination, imml-
gratlon ahd 80 on.

Some of these questions I have already included for more
detailled treatment in my planktological studles. I therefore
hope at some stage to be able to present a short orientation
about these problems and in that way lay the first base lines
for a general ecology of the limnoplankton.

-
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Notice

Please note that these translations were produced to assist the scientific staff of the
FBA (Freshwater Biological Association) in their research. These translations were
done by scientific staff with relevant language skills and not by professional

translators.



