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1. I%Praductign and Purnose (h27)

An orrenism will grow in a hebitat if this latter meets its needs,

that is, if e utilizeble enersy source end nutrients are available.

Only wen Gisreserds this lew. He hes a fast increasing potential
of energy which he may apply enywhere, and according to his needs.

The nonhumen world of living beings does not have this potential
and, due to its passivity, it is affected by any changes occurring in the

v flow. In order to reverse chanies that have occurred involuntarily

et

ener
or carelessly, the ecosystem must be analyzed. A prerequisite for directed
action is the knowledge of the cualitetive end quentitetive interections.
However, this knowledge cannot be obteined oniy from precticel restorative

neasures; rather, & compr

D

AT

hensive ecolegicel-physiologicel end experimentally
oriented research must be cerried out beforenend. Only in this manner, it
jie possible to find, end esteblish, stendards.

Where there is a utilizeble source of energy, the energy flow

pr

sterts, thus determining the whole substance metebolism. Pert of this
energy Tlow passes throuzh orzanisms; this energy portion vhich is fixed
and converted in orzenisms may, as OBIE (L3) susgested, be celled the bio-
ectivity of the waters. In this comdlex system, there are manifold inter-
sctions, with living orzenisms end the enviromment faéing one enother.

The evelustion of these interrelationships +will be corroboreted
by a lar%e number of different paramcters which will be included in this
invesﬁigvtion.

The vresent article invends to oprovide a contribution to the
wnowlec e of these interzctions ond, perticulerly, to shov the causative

interconnections between vroduction ead degracetion. To ¢ lorge extent,

it takes into account the recaest for ¢ multiplicity of ~atebliched varemeters,
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7 The set aim was pursued from two different viewpoints, that is:

L3 _ ‘ ‘ .

= firstly, from the ecologicel viewpoint, by investigating the natural bio~

% . tope to determine, in two lakes of different trophicily degrees, particularly
L

the yearly course of the vlankton biocoenosis in its interactions with the

surrounding water, snd

- secondly, from the exverimental viewpoint, by ansvering questions about

the reletionships between bacteris and phytoplenkton, which it wes possible

to investigate only under stenderdized conditions.

. |
| S—]

2. Investigeted lLekes

b E

Table 1. Orography

linstn widLn sqrrqce \dmkwﬂﬂ H%fimw

Sce 1ake AN Sreite Tiehe fax. Tiéfe Mi

K
E
_-_d
’ ' Rotsee .

e

v ovag 2,4 km 0,4 km 0,48 km?® 16 m 9 m

< ' Vierwaldstiitiersee, LO’{e Lheernel,s km 1 km T, 69km® 72 m 42,6 m
Seeteil Horwer Bueht Bay of Horw
Teble 2. ILske types (428)
Ieke Conditvion Sewase loegd Literature

of waters

Rot see

Bay of horw mesotrophic
{Ieke of

Lucerne)

strongly
eutrophic

DUGGELI (1k)

before 1933, sewage
AN (73)

from vert of lucerne STADE
discherged non-purified;
since 1933, purified
mechanically; since the
middle of 1959, there

is no more loagd.

gbout 9000 inhebitants, AMBUHL (k)
sevage dlscharced GLCHTER (19)
non~purified

The 'ruoh of Fig. 1 shows the

AN
lates.

.

reogrant.dcal. location of the two
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Fig. 1. Geogrovhical location of measuring sites (= M)

3.

Methods

Durinz the years 1939/70, the two lakes were investigated once a

montl, at the following deoths:

Table 3. Investigation dates and depths.

LEDTETS U

X RN Sroww
Untuersuchuitgsdaten

IS5

—
TUUtIT B
%wlcnstuﬁ-

teps

n

Rotsee

\'icr\\'aldstiittcrsw_
Lake of Iuncerne

1969 :

1970:
1969:

1970:

20.3,,17. 4., 22
10. 6., 10. 7., 14
1.9, 10. 10, 0
3.12,

<D

. 8.,
11,

15. 1,18, 2., 23. 3.

23.1., 19, 2,,18

8.7,6.8,9.9,
7.10,4.11,, 2,
6.1, 24, 2.

3.
17. 4., 20. 5, 17. 6.,

12,

0,1,25,5 7,50nd 14 m

0, 2,5, 5, 7,5, 10, 12,5, 15, 25,

43, 60 m

Hereinefter, the above investization dates will be shortened,

to show the month only. The indications regerding the O m depth relate

to measurements at 0.2-0.3 m below the

For the Iake of Imcerne, this

the 0 to 15 m layer (tropnhozenic layer).

surface.

The measuring sites (M) may be seen from Fig. 1

s

article uses mainly the values of

the one in the

(429)



e~ L

tarm

a—

7.

Rotsee lies in the middle of the track, the one in the Bayv of EHorw about
J

in the middle of ihe bay. This latter was determined with a penta prism,
from the shore, by means of auxiliery points.

The samples for chemical analysis were lifted with a Friedinger
bottle. Bacteriological samples and water for production measurement were
collected with a sterile sempling bottle accordinjy to SCHEGG (o).

The formation of & team of investizators pursuing the same in-

s

vestizational object, although with different aims, mede it possible to

<

)

imit the menual effort, while & meximum of information was gained. With

[

the use of a simole correletion plan method (CPM), such tesnmork may be

further rationalized.

3.l  Physgicel Determination Methods

1. Temperature: The temperature was determined with AMBUHL's (3)
1Y 1

oxytester.
2. Conductivity: The conductivity was measured with the same

o

instrument as the tempereture,

A ‘el L } : ) al /
3. Measurement of light conditions: As recommended by SAUBERER (ol),

the light intensity of wvarious spectrel rezions vwas measured with a barrier-
layer cell vhotometer fitted with filters (Firm of Schott and Gen., Mainz,
VG 9, BG 12, and RG 2).

4. The visible depth was determined with the Secchi disk.

3.2 Chemical fnzlveis Metliods

1. Oxy=en conbont: Yhe oxyzen content was determined eccording to
NN

Vinkler, modified according: to ALSTERBLRG (2).

2. Hydrormen sulfide: 'The cuantitative dcterminetion of hydrosen
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a3

o

sulfide was carried out colorimetrically with NE-dimethyl~p~phenylene~
aiammonium-dichloride and ferric ammonium sulfete ( STRICKIAND-PARSONS (79)).

3. Carbonete hardness (SBV): The carbonate hardness vas dew
termined according to the directions of the Schweilzerisches Lebensmittel~
buch (Sviss Food Rfesulations) (3rd edition).

. Total carbon (inorganic): From pH value and SBV, the total
carbon was calculated according to FARVEY and RODEE (24).

5, Nitrogen components: Mitrate was determined with the sodium=-
salicylate method according to VULIER and WIDEMAKN (42), nitrite with
sulfanilenide and N*(l~naphthyl)~ethylene~diamine sccording to STRICKLAND
et al. (75), and ammonium according to SCHAID (58). The orgenically dis-
solved Kjeldenl nitrogen and the varticulate orzenic Kjeldahl nitrogen
vere determined according to STADILMANM (73).

6. Phosphorus componentcs: Ortnophosphate: Lmmonivm molybdate -
tin chloride method according to Onle, modified according bto SCEMID and
LVBUEL (89). From the difference between the total concentration of the (430)
row water and that of the filtrate, the paerticulate phosphorus wes calculated.

7. Silicic acid: Colorimetric dete;mination with ammonium molybdate
(German Standerd Methods (15)).

8. Determination of iron: The determination of particulate and
dissolved iron was carried out colorimetrically with the orthophenanthroline
method (BLOESCH (8)).

411 the @isgssolved cowponents were measured in the filtrate obtained

py filtration through a 0.45 W pore width rilver (Millipore HA).
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3.3 Biological Investiwation Methods

3.31 Qualizetive and cuentitalive investipation of ohyvtoplankton

The plankton semples from the Iake of Iucerne were fixed with
Ingol, filled into round-tube compound—chambefs (50 ml) and, after 48
hours settling time, counted in the inverted microscope according to
UTERM@HL (79). The samples from the Rotsee were prevared in fivefold
dilution, due to their high plenkton-cell densities. The biomass was
calculated by suminz up the single-cell volumes. These latter were de-
termined by measurement, and with the aid of data from literature(PAVONI(53)

and NAUWERCK (k).

3.32 Measurement of Primary Production

s L 1h . .
For the production measurement, the C-method established by
AN T a7 e, LU - .
STEEMAN-NIELSON (75) was used. he C ampuls were produced from a sodium-
bicarbonate solution (supplied by the Radiochemical Centre, Amersham,
England, code Yo. CF4.3). The production from the solution is safer,

. b 1k - _— . o
since the C never appears as COe. The ampul activity was determined
according to the bariuvm-bicerbonate method (VOLLENWEIDER (81)).

The water collected with the sterile sampling bottle was filled
into sterile cxposure bottles (Jena G 20, 125 ml), and with the aid of a
sterile syringe, SIM C-bicarbonate solution wasg added. The samples were
exposed "in situ et loco" for four hours, from 10 A.M. to 2 P.M.. For
this purvose, the exposure rack shown in ¥Fig. 2 has proved suitable. In
horizontal position, the bottles are exvosed to the full Llight. According
to the buttonhole nrincivle, they are slid into a support (Fig. 3). The
sebling-up therefore reouires verylitile time, so that a "lipht shock” of

the alioe (GADVAN et al. (22)) may be prevented. ~After the exposure period,




:

10.

the semples vere immediately processed. 25 ml each of sample water were

filtered through a_O.QQUM pore width filter (GBttingzer Membranfiltergesell-

schaft SM 113 O7) with a microfiltration instrument of the firm of Milli-

pore (Code XX1002500). With rubber cement, the filters were glued into

en aluminum dish, and exnosed for 20 minutes to fuming hydrochloric acid,

. . . . 1n
to remove Lhe adsorbed inorgzanic C. .

The messurement Look place with & methane flow meter (Firm of

Frieseke and Hopfner, FH 407). To calculate the production rate, the cor-

reching factor of 1.00 was used for the isotope effect. The utilization

coefficient of the numerator of sbout 1% was smell; vet, it was compensated

% ' for éuring the calculation, since also the ampul activity was determined
] with the seme numerator, and with the same method.

(¥31)

e e fes e = TeNERTIDAEN
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Fig. 3. Sopport: The bottle is vressed thaouwd & losm-rubber
loete inwo the "butbonbole'.
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3.33 Becteris

The somnles for the bscteriolovicel analysis were processed with-
in 1-2 hours. Zccording to POTTER (5%), if the semmles are stored in
bottles for rather e ong time, considerable shiftings may occur in the
nurber of germs and in the species composition. The speciés number de-

cresses, while the tolal number increzses considerably.

As mediun to determine the nuwber of gerns according to Koch's
Plate Method, tryptone~glucose extract aszar (Difco No. 521983) was used:
(beef extract 3-3, tryvtone 5 g, dextrose 1 g, agar 15 g per 1000 ml of .
dist. water). The samoles were plated in sterile plastic Petri dishes.
The wediwm was poured in licuid form, and cere was taken that the sample
was mixed with the agar only shortly before the agar solidified. .For the
sarples from the Iake of Lucerne, 0.1 ml of the original sarmple were plated.
Thé samples from tue Robsee were diluted 1:10, and also 0.1 ml was plated.
For each sample, five parallel samples were prepared. After an incubstion (MSE)
period of five days, at 20°C, the colonies were counted under the binocular

wagnifvjpg olass, at 50fold magnification.

Al (&

The countin:g resulls on membrane filters are based on the direct-
counting method according to Razumov (from KUZKEZOV (35)). The exact method
may be found in SCEEGG and RUSCHKE (55). In some cases, the method accord-
ing to Resumov snd Iwanov {(from KUZFEZOV (35) was used to debtermine the
generation vire.

R

Agvanvaces of the moembrane-filter method:

Direct microscopical observation and counting provides the best
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indications about the number and morphology of bacterial vlankton. The
actually available number of germs is undoubtedly obtained more accurately

in this manner than with the plate method, since a selectively acting sub-

strate determines the nunber of germs.
Disadvantases of the direct-counting method:

It is often gifficult to distinguish the germs on the filters

from detritus particles, esnecially so if they are present in stunted forms.

In stronaly polluted waters, particles of young growth, and zoo-
gloecse appear (JANNASCH (32)), that is, bacterial-cell accumulations, the

nunber of which can only be estimated.
According to JANBASCE (31), dead and live bacterial cells may be

distinguished by special staining with Aeridine Orange and fluorescence-

microscopic investigation, in that dead bacteria cells appear red, while

live cells appeer green. LKowever, DEUFEL (10) arrives at the conclusion
that, while all red-fluorescent bacteria are definitely dead, not all dead

bacterie are red-fluorescent. Hence, this method was not used. According

Lo KUZEEZOV (33), the vercentaze of dead bacteria is not more than 10% of

the totel becteria present. Kuznezov was also able to prove this order of

magnitude by meesuring the respiratory intensity in cell suspensions of
lake water concentrated by partial {iltration.

It may be assumed that dead baclteria autolyze very rapidly, and
that therefore the living bacteria that are counted on the membrane filters,
constitute the bulk. Nevertheless, the exact percentsge of desd bascteria

reralins unknown.
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333 Count of Snecial Sncceies
Isolated species from the Rotsec which, morphologically, were
easily recognizable, were observed separately. Particularly Thiovedia

rosea, Levlothrix ovseudovacuclata, and Chromatium densegranulatum were

counted in the inverted microscope of Utermthl.

2)

3.t Data Analysis

The recording of the results and the empirical searching for the
correlations were extended by an evaluatiqh snd interpretation of the results
by means of data processing. GOLDMANN et al. (23) showed how 2 lake in-
vestigation may.be consequently evealueted by date processing.

In the present article, the linear correlations emong the para-

meters were calculeted ("Korrela" progzrem). Another program ("Profile"
program) served to calculate the sguare-meter numbers (= values below (433)
2

1 m™ of leke surface intggrated over the'depih)..

In the Rotsee and in the lake of Lucerne, at 5 depth steps each,
about 30 paremeters were determined per investigation. These 5 depth stens
showved a complete data sequence over the two investigetion years. This met

with an essential prerequisite for the uge of data processing.

3.41 Czleulation of Correlation Coefficients

The value v»airs comvared in each case are to be considered as
normally distributed random veriebles. The respective correlation coefficients

were determined according to the following formula:

2) The caleulabions were carried out on an IBM CPC 5500 of the ETH Zurich
comouter cenbler. . .
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‘ r - RorrelationsFoeffiziont
Sty Sey = Sumne (v -3) (v V)
v F Se e Sy Sp o= Sunmme (v 02
Sy = Sumne (v v)?

The correletion ccefficient states whether there exists a linear,

mathematical relation between the compared input values. GOLDMAN et al.(23)

introduce separate parameters, namely growin-dependent values, in logarithmic

form. This was intentionally omitted, as it is nol possible to apply the

criteria of a vure culture to a lake.
The significence limits were set at 2= p é<0.1 (Dokxumenta Geigy
(12)). The correlation coefficient r for each lake was determined belween
all the data; likewise, all eqguations of the rezression lineswere always
celeculated. - ‘
. The "Korrela" prosram mentioned in the Appendix provides the
- following:
1. Writing out of all input data in the block per lake and date.
2. Calculation o6f all linear correlation coefficients between the
imput veriables in one depth step each, during the investigation period.
3. Indication whether the correlation coefficient is significant,
with a 10% error probebility (p £ 0.1).
. Writing out of all significant correlation coefficients in the
“intersection diagram".
5. Calculation of the two rewression lines between the respective

two variables. (In the present article, they were not evaluated) .

3.2 calenlation of "Snuare-Feber Volue"

Foxr verious paremelers, the value por me of leke surface is needed

es, Tor instance, for the orimary production. With the "Profile" prosram
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(Appendix), it is possible to calculate the plane under the curve of

varameter against depth, in that the resvective trapezoid contents, limited
. by the separate measurements of the parameter, were summed up.

m

The "Profile" program mentioned in the Appendix provides the

following:

n

Calculation of the value of a parémeter per mr of lake surface,
of the mean value, and of the quotient of mean value to maximum value.
This guotient serves to characterize the curve shape; 1f the curves show
only oné 1118,;{:‘@11111J the quotient is & direct indication anut the stratifi-

cation conditions.

4. Production ' (ﬁ“h)

B

Y Lutotrophic endé heterotrophic production by organisms can take
place only if the corresponding energy source and nufriénts are available.
The deterioration in the condition of the waters manifests itself mainly by
an increased érowth of planktonic algag; however, this often depends |
directly cn the nutrient éoncentration. GLCHTER (19) showed exverimentally
"in situ" for phosphate that not only a single supply of nutrients releases
a large production, but rather, that tﬁe constant supply of nutrients con-
stitutes the decisive fector.

To the population of organisms beloné both producere and consumers.
This constént supply of nutrients therefore is not only an external factor,

4

but to a substenticl desree &n internal fzetor. With regard to the bio-

logicel vroduction therelfore, it ia extremely immortent to know the quantity

end aurlity of this internsl loed, recycling or, according to OHLE (48),

the "short-circuited cyele". The comprehension of the neturel laws and of
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the cepacity of the "short-circuited cycle" in & leke igs the prerequisite
for the production eveluation.

In eny interpretztion and eveluetion of results,.the dynamics of
a body of weter is of prime importence. The lake investigation degecribed

hereinafter is to serve the enlargement of this knowledge.

4.1 Definition end Limitation of the Trovhogenic lLaver

"Trophogenic layer" is a term related to biological production.
According to RUTTNER (50), during the summer stagnetion, & leke is divided
into two completely different spsces, a trophogenic and 2 tropholytic layer.
Somehow, the title of the present article is in contrediction to this stfict

semeration; however, the findings of this research work will justify it.

While it way be correct to swesk of & trophogenic layver, one should

.- define it from the eneriy stendpoint, for instence as e layer in which the

energy balance for the living cells is positive.

oy

I .2 -Fectors Determining Production

I .21 Phvsical Rases

w
St

%211 Feteorolozical Data

In Figs. 4 =2nd 5, the meteorological data from all the Rotsee and
Inke of ILucerne sampling days are listed. The average monthly a@mpsphéric
temperatures are shown as stevped diagrams. If the waler temperature (0-5 m)
is intezrated according to the "Profile" program, one obtains the thermal

enerzy content of the water below 1 me for the trophogenic layer. In contrast

to the everege monthly tempereture, & nesative velue was never obleined,

3) Pert of these dete were kindly msde eveilsble to the author by the

Centrel Inctitute of lMeteorolopy in “urich. o
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thet is, the thermal energy content of the trophogenic layer remeined

pesitive. over the whole reor.

If the two curves are compared with each other, the thermal energy
reserve of the lzke mey be seen directly, in thet the curves are mutually
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vhen the summer stasnstion

of the hypolimnion, resulted from the

18.

_In both lekes, heat wes stored until August, and then released (435)

again. For the lake, the thermel belance was negetive again after August.

From Lne espective curve (keal/n?), the number of keal exchenged per me

of surfece mey be read directly. If the ener:y exchange through 1 m2 is
multiplied by the lake surface, the energy flow between stmosphere and

water is obteined. Since this mezns a parsllel shifting for the drawn

curve, it was omitved. In the Rotsee, below the total lake surface, the
10

meximum value of the energy content in August, 1959 ), wss about 5 x 10 keal,

taking into consideration the 0~5 m layer, and the basis of o0°cC.

4 .212 Temverature

L L T e

L] Fn

The Rotsee was investijated for the first time in March, 1959,

o)

Y . : - N
rted forming. In Ausust, 1939, there ves

ES

4]
fx

a rmarked therimocline with a maximun surface temperature of 23.5°C, and a
sudden chanjge in temperature at the 5 m depth. AT the end of Rovember,

the sutumn circulation started. That this circulation comorised only part

Hy

act that in December, the temperature
of the lower leyers was higher, with 5 dezrees compared to 5 degrees, then
in the evilimnion. This was an inverse stretification. The fact that the
cireulation did not reach the lowermost leyers, was seen also from the

chemical analysis values described hereinafter, and from the values of the

index orsenisms (see Thiovedia rosea). It is possible that the salt con-

tent of the deep water caused this inverse stratification. In January, a

~

netion formed, which lested until the end of February.

winter ste
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Fiz. 5, Robsee isotherms (°C) (sccording to STEDEIMAKN, 1971).
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tre momentary sbtability of the trernml) stratid

Bey of MHoxw
. The isopleth zraph (Fig. 7) shows the temperature course in the

Bey gf Horw. 1In Januvary and February, there was full circulation or turn-
over, alt a temperature'of 4.5°C. In fpril, a stable epilimnetic stratifi-
cation started forming, which reacned its meximum in August.(maximum éurr
fsce temperature 22.7°C). The terperature chenges affected the layers
Gown to S0 m; below thet point, The température remained constant, at
zsbout 5°C, throughout the year. For the present reseerch, only the values

Gown to 15 m were taken into consideration, since, for the seke of simopli-

city, this depth wes assumed to be the lower limit of the trophogenic layer.

Stability of Stratificetion

It is importent to find e meznitude that is representative for

ication. For one-peak curves,
it is possible to fornm & quotient between mexirum velue and mesn value over

the weter column. A cuotient of 1.0 sienifies thet there is homothermy;

s

& high quotient signifies e hign vesk witn respect to the mean velue, and

constitutes the direct weconitude for the stability of tkhe existing strati-
fiqation.

However, Lo cowpere two dgifferent 1ékes, it is importent thet the (
seme size of water colwm be evaluated; othervise, the cuotients cennot
be compared.

These cuoticnts vere celculeted with the "profile" progrem for
all commonents. For the terperature, they are shown in Fig._8. It may
be seen tnet the cuoticnt determined from .he Rotsee values shows e hisgher
velue over the whole wear then thot from the oxe of Lucerne velues. The
corree of Lobh curves is & resilt of metearolosical conditions. Since,

seoxrepiicelllr, the tvo lekes lie close touether, the curves proceed rainly

narallel.

438)
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In the spring of 1969, after an initial ascent in the stratifi-

cation stebility, a collavse occurred in April, due to weather conditions.

This was the case for both lakes, in that the temperature stability quo-

tient fell sharply. Then, within one month,. a stable stratification built

uo, which maintained itself until September, and only from October to

Decenber, the auvtumn circulation took plece, with the collapse of the

stratification stability. The winter stagnation vwas again clearly seen,
inverse stratification in the

varticulerly the formstion of a strong, i

Rotgee.
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andé Rolsee

The followina manner of revresentation (Teble 4) will constantly

be used hercinafiter es a basic design. It will therefore be explained

briefly:
gainst which the

In the middle of the Table isg the parameter ag

correlation is set up, scparately for each depth step. Toward the right

and the lefs, the correlation cocfficients heve been pletted, toward the
right In the positive direction, tovard the left in the ncerative direction.
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If, for example, ammonium, in the O m rectansle, is between -0.,7 and -0.8,
this means that the correlation coefficient between temverature and ammonium
is significant, and has the value of ~0.7 ete. From the arrengement within
the rectansles, in upward direction, the second decimal point may be estim-

ated in upvard direction.

Table I, K-fnelysis to reference pvarameter Temperature, Rotsee.  (439)
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In principle, 2ll the varemeters used in the correlation analysis
were indicated, although it is obvious that vart of the correlations are

gecongary, or nave 1lititle meaning from the ecological standpoint. To

-

discuss each sevarate perameter is impossible in this connection; how-

ever, essential correlations will be mentioned individually.

a ~

A11 the data used fTor the correlation analvsis are listed in the

Appendix.

.

In the text hereinafter, the followin:z abbreviations are used:
J

K = corrclation

(K = correlation coefliicient
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Bg&ggg_(Table L)

The KK lie mainly in the ne-sative range . These are the.production-
determining and prqduction*representaéive varameters. To be specially
mentioned is phoevhate which correlates negatively with 0.83-0.84, From
the total of thesc correletions, one may conclude that the temperature,
that is, the eneryyv content of the lake, is of subordinate importance with
resard to blological production, that particularly nutrients, such as
phosphete and amwonium, are determinative for the production. This state-
ment does not only apvly to the algzl pooulation, but rather, as the various

spetively correlated bacterial numbers show, also to the bacterial population.

Iake of Lucerne (Table 5)

picture. fThere is & wvery high KK of more than 0.9 to the primary production

in the layer of meximum production (2.5 m). Moreover, there are posltive KK

for the coefficients characterizing the standing crop, such as PP and PN.

The bacterial nambers, both nlate and membrane filter counts, correlate

N

Table 9. K-fralysis to reference parareter Temperature, (440)

Iace of Lucerne.
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pesitively with the temperature. It is interesting that the nutriénts
phosvnate and nitrete correlate neszetively with the temperature. This
ig to sey that at increasing standing crop and production; the nutrients
phosphate and nitrate are consuned.

Further relations will avpear more clearly with other reference

parameters.

Conclusions from K-Analvsis

The Rotsee is a highly productive body of water, the productivity

of whkich is not in the first vlace temmerature-devendent. This statement

2

is confirmed in the correspondinz production figures described hereinafter.

The maximum production in the Iake of Lucerne coincides with the

summer heating; 1t is largely temperature-~dependent.

4,213 Lizht_conditions

3 4

To evaluate the production, one must take into account the light
conditions as enersy basis of the vhoto-autotrophic production.
Meagurements with a selenium dhoto-~cell provide only relative

values in relation to the surface intensity assumed to be 100%.

In the two investizated lakes, the green component (VG 9) penetrates

deepest. Figs. 9 and 10 illustrate the penetrating depths of the green
1ight for 1% and 20% of the surface intensity. RODHE (59) defines thre
magnitude of the productive Jayer with the 1% penetrating depth of the
green lighf. For data-processing reasons, this very variable limitation

the trophosenic layer was omitted, and the limit for the Lake of ILucerne
was get at 15 m, and that for itre Rotsec at 5 m.

ﬂho vigible depths, on the whole, coincide with VG 9 20%, Tor

practical purposes, this allows for the respective lakes to calculate from
k ]




Fig. 9. Penetrating depth of green light (VG 9) in % of (hh1)
" the surface intensity and visible depths, Rotsee.

(1) J F

ol

Ve

A 20% VGS

5 1°/VG9

20
m

Fic. 10, Penetreting depth of green licht (VG 9) in ¢ of the
surface invensity and visible depihis, ILeke of Lucerne.




the visible depth,with reasonable accuracy, the 1% limit of the green
light (V& 9).
It is noteworthy that durinz; the swmer months, the wvisible

depth shows partly higher values in the Rotsee than in the Lake of Iucerne.

Further data on the light intensity may be found in the Appendix.

L ,22 Nutrients

To characterize the nutrient situation of the investigated waters,
the two most important nutrients, phosphate and nitrate, will be illustrated
hereinofter, over the course of the year. A more detailed evaluation of
the part nitrozen plays in the nutrient cycle is found in STADEIMANN (73).
On the importance of phosphorus, BLOESCH (8) will further report in con=
nection with sedimentation measurements. Among the micronutrients, only
iron will be mentioned.

The values were-calculated per ne of lake surface by determining
tﬁe contentg.of the trovhogenic layer (in the Iake of Iucerne from O £0 15 m,
in the Rotsee from O to 5 m) with the "Profile" program mentioned in the
fppendix. To each nutrient component, the K to all the other parameters
were calculated with the "Korrela" progrem, and illustrated sccording to

the same pattern as the temperature.

%.221 Phosphate

e ma i e e e

2 of lake surface in the

Fig. 11 shows the phosphate conlent per m
troohorenic layer of the Rotsee. During the months of Apgust to October,

1939, vhosphate was consumed almost comvletely in the trophogenic layer,

while in winter {Decefber), due to full circulation or turnover in the lake,
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A K to the production parameters may be seen only in the widest
meaning (CRYPI, PH, and PP 0.55-0.6). The K to the other vhosphorus coh—
ponents are only of secondary nature. However, there is a very close re-
lationshin between phosphate and ammonium concentration. This ié due to
the fect that at wurnover, the two components are introduced from the hypo-
limnion. This assumption is confirmed by the fact thalt also in the hypo-

limnion, there exists a K of 0.98 between phosphate concentration and

ammonium concentration.

Lake of Imcerne (Fig. 12)

3 . . 2
In the ILalke of Lucerne, the phosphate concentration below 1 m
0-13 m) is lower than in the Rotsee by a power of ten. It lies, on an
R s b4
averasze, at Lo mg/mg.
In the sawmer months, until the end of the year, a strong phosvrate

decrease was noticed. An almost complete phosphate consumption took place
in Septewber, wien no more phosphate was detected belween the 2.5 and 15 m
depths.

Apparently, due to a more marked turnover in January, 1970, a |
ratiier larse anount of phosphate was brought back into the trophogenic i
leyer, and the allochthonously supplied amounts were distributed over the J
vrofile, so thet in Febfuary, 1970, the content wes much higher then the |
previous year.

The K-Anelysis (Teble 7) shows negetive correlations be£ween phoé~

phate end the production factors, such as vprimery production, PN, temper-
eture, and vositive corrclations between phosphete and nitrate contents of

0.5 to 0.5%, at &ld depths from 0 Lo 10 m, thet is, s censtent inter-

denendongy oxiats hetween the two nutriente,
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in detail by STADEIMANN (73).

(hhk)
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Fig, 13. Scuerc-meter velues (0-3 m) of emmonium (w~-=), (bhs)
nitrite (— — —), nitrate ( ) in mg/me, Rotsee. '

‘Teble 8. K-£nelysis to reference peremeter Nitrate, Rotsee.
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£11 three nivrozen components show that in the Rotsee the
N-consumplion is very high, in thet from Augpust to hovember, the values

decrease to almost zero. The nitrete concentration increases only after

=

the autumn cirendstion, from Jenuary to ley. It may be assumed that this

inerease orviinates from the

‘leation which starts, due to increasin ¢

oxyren concentraLion.




=
|

31, .

{thie Rotsee, nitrate as a nitrosen component plays a much lesser part in
the yecarly reciwe than smmonium.

This is confirred by the K-inalyeis of ammonium (Table 9).

-

Armmonium correlates very closely with phosphate, and constitutes in the

A4

artakes in the production. The negative KK to

ey

K-pattern a nuvrient that

oxycen in tke O m, 1 m, and 2.5 m depths is another indication therefor.

r oA resd . o N ¢ . z
Table 9. K-Anelysis to reference paremeter Armonium, Rotsee. (kb 5)
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Take of Lucerne (Fig. 14)

In tle lLake of Lucerne, nitrate, in the course of the year, is
never fully consumed in the trophogenic layer as a whole. Whbile in October,
i959, there.'s, in fact, an almost complete nitratve consumption in the
layer of main vroductivity of 0 to 2.5 m, the nitrate content of the
trophogenic layer always remains above 2 g/mg.

In tie ILake of Lucerne, nitrite is of subordincle imoportence.

Two mexime eopery, thet is, in July ¢nd September, 1939, et the lower

Limit of the trochozenic lerer, ot zboub 12 n.
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Teble 10. K-fnelysis to reference paremeter Nitrate, L.of Lucerne.
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K-Analysis of Bitrste in the Lede of Lucerne {(Teble 10)

In contrast to the Rotsee (see K-finelysis Table 8), in the Lake
of Lucerne, nitrate ezpvears as sntagonist to most oroduction parameters.
Particularly,.between primary production and nitrate, there is a high
negative KK (0.92). Moreover, there are negetive X to the PN and PP
values of 0.7 to 0.6 vhich are representeﬁive for the stending crop. Liow
close this interrelation is, may also be seen from the fact that at a
depth of 15 m, no significant K can be detected between nitrate and the
production parameters. Positive K exist to silicic acid with 0.82, and
phosphate with '0.63. These K velues are surprisingly constant, down to
a depth of 10 m.

The K=-Anzlvsis of nitrite (Teble 11) shows thet the denitrifi-

catlon processes at the 10 m depth occur in relation to the bacterial
population. In the layer of main productivity, there exist positive KK
to the production parameters, and alnegative KK to nitrate. One may
concludé thereof that at high nitrate assimiletion, that is, high photo-~

synthesis, nitrite forms. This is easy to understend, since nitrite forms

as the first intermediary product of the nitrate assimilation {STADEIMANN (73)).

4.223 Iron

‘As may be seen from Figs. 15 and 16, both in the Rotsee and in
the ILeke of Iucerne, the dissolved-iron concéntrations célculated for the
trophogenic layer, lie in the seme order of magnitude. In none of the two
examoles, the dissolved-iron concentraztion decreases to O.

The K-/nalyses (Table 12: K-/nalysis in the Robsee) show only in
the Rotsee a negative K between the available biomass ané the dissolved

iron in the trophogenic laycr. In the Laze of Iucerne, the K~fAnalysis

(4hT)

(hL8)
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volues show no reletion to the production parsmeters. An illustration

-

therefore was omitted.

b2zl Potel Salt Content
Faged LoLod only Lontent

The K-fnalrais betveen the conductivity and the production para-

meters was carried out in both lakes. Tor the Lake of ILucerne, it is

noteworthy thaet the conductivity depends exclusively on the alkalinity

(SBV). In the trophogenic layer, the KX fall from 0.8, at O m, to 0.62,

et 15 m, thet is to say that below the trophogenic 1ayer; the conductivity

may also be influenced by accumulaled nutrients. There is no correlation

with any of the production.parameters. An illustration therefore was omitted.
In the Rotsgee (Table 13}, this situation is completely different;

the conductivity correlstes with vhosvhate with 0.82, at the O m, 1 m, and

2.5 m depths. Likevlse, significent KK exist between silicic acid, ammonium,

4.3 Production Measurements

The basis for production is a corresponding phytoplankton population.
The production volume depends on the population compbsition, and on the
rate of conversion at that time. As shown previously (SCIEGG (63)), the
conversion rate way vary substantially, depending on the svecies composition
of the plan<ton.. Phytoolenkton investigations therefore serve also for thg
comvrehension of dynamic relations. In this sense, the following detailled

phytovlenkton investigetion in the Rotsee is Lo be understood.

h .31 B

-

ston in the Rotece

Tre phytovlenitton occurrence is described, for one thing, grounvise

t

aud, for arother thin:, by showing the wojor forms in the spece-time agicerom,
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Teble 13. K-innlysis to reference parameter Conductivity, (450)
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The algel groups are indicated .in biomass, a.s fresh-weight (= cell
volume X specific grevity), the separate forms in cell counts, colonies or
ﬁumber'of thresds per ml. 1In the spece~time disgrems, shadings are used to
show the main vegetationel weriods more clearly. Eoﬁever, they are not to
be understecd as isovnleths, that is, the delimitations were chosen approprie-
etely in each case, yvet not celecvlated. An isopleth illustration would

requive a larger basic meterizl. The resvective illustration will also be

9]
.

used for other parumeter

h.311 Cyenorhyts (Fig. 17)
Tne blue~green eclgee showgd a. rether sharply AGlimited growth

period beﬁween Sevtember end December, 1969. Compared to the total phyto- -

plenkton, their velues in the trophogenic leyer ere relatively low; in the

Rolsee, they ploy @ subordincte rart.

Only Coclasvheerium Facsebkiznum reached o very high value.in

1

T s ("] ooy e < 3 . I . % . -, e - DA -
Rorember, 1959, et the 5 w depih. During the whole year, some filumentbs

of Oscillotovia rubceccns and Cselllatorin yedecikii were always found.
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Coelosphacrium kaegelianum {Fig. 1.8)

The sppearance of Coelosphaerium NMaegelianum was delimited to the

months of October, 1959, to Jamary, 1970, with a meximum in November, 19569.
The largest number of colonies (850 colonies/ml) was found at the limit
between hydrogen sulfide and oxygen, at a deoth of 7.5 m. At the ih m
depth, at a hydrogen~sulfide content of 6.8 mg of Sg-/liter, there stili
were 467 colonies/ml. It was not vossible to determine whether these were
sunken-down colonies or whether this form grew in the anaerobic renge, at

extremely weakx lighlt intensities.

h:312 Chlerophycese (Fig. 19)
According to the number of species; the Chlorophyceae were a

relatively importent group; however, with respect to biomess, they were

not in 2 leading pesition. Only in April, 1959, they constituted 30% of (hSE)

the bilomass. Thelr appearance was limited mainly to the first half of the

year; ¢ growth meximum was observed in April, and a second one in July and

- . . . . . \
August, 1959, The April meximum was caused by Chlamvdomonas sv. (Flg.QO;,

the evpearance of which vas limited meinly to the months of March and Aoril,

enalogous to the flagellates which will be discussed later on (Fig. 29).

Occyvstis lacustris (Fig. 21)

Oocystis lacustris was observed in the months of June to September;

it is noteworthy that on 10 July, 1959, there sppeared o massive growth at

the 5 m depth, at the boundary between-hyérogen sulfide and oxygen. One i
month later, a large number was found at the 14 m depth. This population |

had obviouasly sunx down over the anaerobic layer, without dissolving sppreci-
o u 3 .

cbly. |
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Fig. 18. Coelo colonies of 30-50
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. . . \ . \
It is possible that OQocystis lacustris, the same as (hs2)
Coelogpleerium jaegelianum described under the Cyanophyceae, belongs to

forms vhich are able to live also under anserobic conditions or, due to

thelr gelatinous enwelopes, remesin as cells in the aercbic environment.

‘ 453)
:is Schroeteri (Fig. 22) ‘ (453

These colonies were observed in June and November, particularly

in the epilimnion.

I3

This form apvesrcd in rclatively lerge numbers in Mey, at the 1 m.

<

denth, ond in smeller nuwebers in fioverber and December, 1959.
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Fig. 22. Spheerocystis Schroeteri, 10-20 cell colonies,
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Abb. 23. Characium grul‘.fl.iprs,':Zé‘llen./n-ll,“Rotscc.
Fig. 23. Cheracium grecilives, celk#ml, Rotlsee.

Coeliastrum microvorum (Fig. 24) :

Coelestrum micronorum showed = massive growth (2549 coloniesﬂﬂb

on 10 July, 1959. A smeller number of colonies remzined until Kovember.
Also of this form, very larze numbers of colonies were observed in the
gnserobic leyer; on 1k Auvzust, 1959, for example, a2t the 7.5 m depth,

3

144} colonies/ml were counted, at a hydrogen-sulfide content of 1.16 mg

2. . ‘ - . . .
of S /llter; It would eppcer that elso, in this cese, the colony forn,

with solid cell membrenes, wacde life uncer anzerobic conditions possible.

Sconedesmas_manéricends (Pie, 25) ’
Theae colonies ¢yprewred gnoredically, veb mweinl s during the surmer

monthe, in the crilimnion.
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D Seraedesmats guadricaudu, Rolonien/ml, Rotsec.

Fig.25. Scenedesmus guadriceuds, colonies/ml, Rotsee.

Ankistrodesmus convolubtus (Fig. 25)

7

developed meinly during the winter months, December, 1969, to
April, 1970; a massive growth was detected in April (4737 cells/ml at
the O m depth). Due to its smeller cell content, this form is insigni-

ficant for the biomass.

4.313 Consnartoe (Fig. 27)

o4

The appearence of this groun was limited to the months of August

’

to October. The chief Torm that apveared was Closterium sv.. Yelt, for

the total biomass, even this group is insignificant.
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Fig. 27. Conjuzstae, pg/ml, Rotsee.

Abb, 28, Chrysophveeae
Fig. 28. Corysophyceae, A
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The Chrysonhycece were represented maeinly by two forms, that is,

. . 3 . T = . . . . .
in March and fpril, 1959, by Eritenie subacauicilista, snd in September,

1959, Februery and Merch, 1970, by Uroslenn americena. Only on 18 February,

70, at O m, they censtituted 113 of the biomess. Moreover, more difficultly

differentioble flagellates were counted, which are listed in Fig. 29.
h.315 Distoncse (Fig. 30)

The diatoms developad in wejetetional babehes, 4hat is, in March

and fpril, 1959, and in Pcbruary and raren, 1970, es well as in August,

September and Qclober, 1959,

P
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Fig. 31. Synedra acAs, ells/ml Rotsee.
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Synedrs scus (Fig. 310

This form determined the Diatomesze biomess in August, while it

herdly nresent during the other months

Stenronodiscus hentzschii (Fig. 32)

The most immortent reoresentative of the diatoms was Stevhanodiscus

»..‘

hentzschii, with

counts of 44,000 cells/ml at the 2.5 m deoth.

Lowvever, due to the small

cell wolumes, it constitulcd only JP, of the biomass,

rassive grovth, Interceting was a snoradic aprearince of this form on

even during this

11 Seplemder, 1839, ct-the 2.5 w cdeptn. This lnovn winter nennoplenikton

form (FAUVEARCK {(44)) epocared in the Rotsee ot a temperature of 18°C.

two winter mexima. In March, 1959, this form reached cell



hs,

kAT RIR - o vl [E ST & TR SR SR A et et

Tl DL U3 ALY ety i o - ~ [N i T R L v

m - e e e R

Abb. 33. Crvplophyccar, g ml, Rotsee.
Fig. 33. Cryontovhvcese, Ng/ml, Rotsee.
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AbbL. 34, Rindeanmias Layosteis wad fens, 103 Zellen, ml, Rotgee.
Fig. 3k, Rhodomonas lacustris end lens, 163 cells/ml,
Rotsee.

%315 Cryotozhycese (Fiz. 33)
The Cryvptophyceae were the domineting slgal grouv in the Rotsee.
Theif chief vegetaticnal periods vere in the winter months, and in August
and Septerber (5 m depth). Thus, for insbance, the maximum biomass of
éh gg/ml vas observed directly below the ice layer (15 January, 1970).
During the whole year, no settling of these forms was found; already at
the 7.5 m éenth, the cell concentretions wefe negligibly low, compared to
the evilimnetic figurés, and &t the 14 m depth, only isolated forms were

found. .
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Rhodomenas lacustris and lens (Fig. 34)

The massive growths of Rhodomonas were limited to the uppermost

wvater layer of O to 2.5 m. The absolute maxina vere found at O m, from

Januery to March, 1970, (March, 1970: 15,000 cells/ml).

Crypbomonas svo. (Fig. 35)

Cryptomonas sop. were found during the whole year; however, the
maximum growths occurred also during the winter months. In Jenuvary, 1970,
15,290 cells/ml vere detected under the ice. An interesting phenomenon
vas the appearence of Cryotomonas in August and September, 1959, at the
5 m depth, at the boundery between hydrogen sulfide and oxygen.

It is possible that the Cryntomonas bloom, at this boundary line,

was caused by the wward diffusion of the ammonium nitrozen. This may be
geen in the ammoniun qistribution, since with the appearance of the Cryoto-
mones bloom, a very rapid decrease vas determined from 1000 pg/l in June,
to 520 ﬁg/l in fugust, to 200 Mg/lhin September, and to O Ng/l in October.
" This metelimnetic ggggggggégéigﬂso caused an abrupt phosphate (459)

decrease, thet is, at the 5 n depth, the phosphate concentretion fell from
2hh pg/l in July, to 3 Ng/l in fugust.

It is possible that, apart from the nutrient conditiéns, aiso the
temperature has an influence on this stratification behevior. It was at
13-14°C. FINDEFBERG (17) found in Leke Piburg that at the 15 m depth, in

the metalimnion, a Cryptomonas bloom appeared at 5°C.

317 Peridineae (Fig. 39)
This group anpeared only in September, 1959, and in February, 1970.

In Sentember, there was a vigorous grovth of Peridinium cinctum which, due

to its large voluue, constituted 80D of the totel vhytoplenzton biomess

at O m.
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Fig. 35. Cryptomones spp., cells/ml, Rotsee.
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Ahb. 36. Peridineae, pg ml Rotsee,
Fig. 36. Peridineee, pe/ml, Rotsee.

In February, 1970, & mossive growth of Gymnodinium hantzschii,

with over 5000 cells/ml, was found.

During all the other months, the Peridineae were hardly present.

4.318 Phytonlaniton Bicuass (460

Fig. 37 shows the snace-time diagram of the phytoplankton fresh-
weight. In the course of the ycar, two peaks appeared, al the beginning
of 1959 end of 1970.

During the summer sbegnetion period, meximum blomasses

vere found in the metzlimnion, at the boundery between hydrogen sulfide end

~
-

oxXyHen.
The abgolute Tisures of more then 30 wa/] of fresh-weight (AprlJ

1959, Jemuary, 19(0) were extrenely high. Thus, according to PAVONI (53),
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Fig. 37. Phytoplenkton biomess (fresh~weight), Mg/ml, Rotsee.

e meximuam vhytovlankton fresh-wveight of 26 mg/l was observed in the Lake
of Yallwil. VOLLERWEIDER (80}, in his OECD report, indicates phytqplangton
fresh-weights that are throughout lower than those found in the Rotsee.

On the emazing fect that also during the swmmer months, comparafively
high pleniion densgities appeared, ab an almost complete consumption of vhos-

phate and other nutrients, will be reported later (see chapter 5.62. Pnosphate).

L. 31 Population Sequence of Phytonlankton
The phytoplenkton populations in the Rotsee developed in rapid
succession. Fig. 38 shows these populations, based on the bilomass per m2

of lake surface (0~5 m depth). In March, 1959, there was s Diatomeze msximum

(stevhenodiscus hentzse hi\, and & Cryptomoned maximum. One month later, the

Dictomeae hed disappeared almost completely, while the number of Cryptomonads
went on rising. Simultaneously, large numbers of Chlorophyceaze appeared.

In Moy, the total population broke down, exceot for small remainders of
Cryvtophyceae. All the other groupé remained insignificent, while in June
and July, Chlorophyccae were predominint in the plankton piéture. In August,
Cryntovhycesc vnpeored incere:z singly; this waes ccsentialiy the Cr"thjgﬂ’ﬁ

moximum discusred previously (see voge 45), «t the 5 m depth. In Septerber,
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values

Peridinece cvmecred suddenly;

~

decreased considerebly. Qctober brousht e

lations, yet with a

marked peck in Lovewmber. This Cyanophyccte peak

besinning of a Cyenovhyccoe growth wi

square-meter

hich showed a

L9,

the Cryptomonad growth at the 5 m depth

. complete collépse of the povu=

(461)

(460)

dissolved at the beginning
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of the full circuletion or turnover in December, with & simulteneous trans-
fer of the hypolimnetic forms, which will be described later (see Figs. 63 (h62)

end 64), to the surfoce. In Jamuary, 1970, there was the absolute Crypto-

monas maximum under the ice, which completely dominated the plankton plcture.

In February, a parallel sppesrance of Chrysophyceae and Peridineae may be

seen, while the Cryptomonsds still are dominant.

Discussion

The very dense seqguence of different plankton groups (of seperate
species) shows that the system of the phytoplenkton population, in itself,
is already highly adepteble, since the populetion that finds the best con-
ditions, appears to start developing. Apparentl&, the phytoplankton bio-
coenosis is very labile, and restricted by many ravidly changing factors.
In the yearly regime therefore, one cannot count on the regularity of a
continuous culture. In a simplifying manner, a batch-culture pattern may

be used Tor short pveriods of time.

4
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3110 K-fnalysis to Reference Parsmeter Blomass

In the Rotsee, the fresh-weight of phytoplankton (= biomass)
(Teble lh), in the 0 to 2.5 m layer, is highly correlated with the parti-
culate nitrogen, and in the 1 m and 2.5 m layers also with the particulate
phosphorus. TFor the particulate nitrogen, this relationship was deecribed
by PAVORI (54) for separate profiles. A K between the standing crop and
the p:imafy production exists only in the Om and 1 m layers, while the KK,
at 1 m, is as low as +0.L48.
In the 0 m layer, therc is a KX to the membrane-filter bacteria

counts, vet which is smaller than that to the vpriwary production. The

hichest Kil of 0.93 Lo the Cryptoshycese exists ¢t O m, vhich is to say
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Table 1h. K-fnelysis to reference parameter Biomass, Rotsee.
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thet during the year, phytovlankton in this layer consists meinly of . (&
Cryptophyceae. On the relationships between biomess and dissolved organic
nitrogen and phosphorus corwonents, there will be reportéd later (see
chepter 5.1). In the Rotsee, it is noteworthy thet. there are no negativé

KK to phosphate and nitfate, yet a negative KK to dissolved iron.

The K-Anelvsis in relation to Crvotoohvceae (Table 15) provides

2 similar victure as for the biowass. With the varamneters particulate
vhosphorus and perviculete nitrogen, there exists a very high KK of 0.95
to 0.95 at 0 m. This confirms for the lake the fact that the interrelation-
ships between the particulate components and the biomass appear the more
clearly, the closer one gets to a pure culture, as this was described by
PAVONY (5h).
Conclusions

If at O m, one Torms a succcssion of the correlations (K value!)

-

in relation o the bilomass, the following results:

6
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Table lz;.n“AF&qulS to refcrenﬂc parameter Cryptoohyceae, Rotsee.
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Individual plenkton forms
Production
Perticulate P and K contents
§
Bacteria popul&tion
This methematical Joining together reflects directly the ecological

causstive interconnections of the peremeters in the lake.

4.3111 Perticulate-teterial Commonents (464

‘Fig. 39 shous the scuare-meter values of the phytoplankton fresh-
wvelght for the trophogenic layer of O to 5 m. The mexirum value lies ocbove
100 g/m2. |

STADEIMALL (73) caleulated from the particulate-nitrogen valuos
(according to STUrl (77)) the carbon content of the particulate materiel.
Tals curve is contained in the bibrnass/m2 curve. It may be seen thal the
two curres arc not identical; but in their course, ond for parbiculer volucs,

thoy are comparable
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Fig. 39. Squzre-meter values of phytoplankion (0-5 m
phytovlaniton fresh-weight, ﬁ/mg (= biom T ( );
blOTaSo accordlnf to STADELNAKH (1971)(Celculation
from PE), g C/m° (= biom ”\(—~-); Rotsee.

If the percentege is c@lculated from the relation between fresh-
weight and carbon (from the PN valueu), the carbon values obtained from
the fresh-weight are between 25 and 28%. It is true that only the Crypto-

phyceae mexime were evaluated, since Tor this group, cue to the high KX

between biomass end perticulate nitrogen, one may be sure to have used but

- a relatively small portion of detritus erroneously. According to

VOLLEEWEIDER (80), there is considersble discrepancy in the indications

" about the carbon content of phytoolentton; it may vary between 3 and 25%.

The high value for the C content of phytoplankton fresh-weight from the
Rotsee may be exnleined, sccording to FULLIN et al. {from VOLLEMJEIDER (80)),
by the relatively small cell volumes of the plankters. |

"Fig. 40 shows the squere-meter velues of re rticulate phosphorus.
In vrinciple, this curve follows that of particulate nitrogen or the con~

version to carbon, cxcept for the July value where increased Dartlcul te

.

: -

vhosphorus was detected in the trovhorenic layer. This might be due to the

vregsence of & ratlier lerse number of Qocystis lecustris, and the presencc

at the 5 w deoth of Chrom-tium dens serronulebun to be do,crlbca hereinalter

(sce Figs. 59 and 65),
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Fig. 40. Squere-meter values (0-5 m) of particulate phosphorus (465)
(mg of P/m?), Rotsee.

Teble 16. K-Enalysis to reference-parameter Particulate Nitrogen,

.
Rotsee.
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For the sake of completeness, the K-Anslysis of particulate nitrogen

(Teble 16) is shown. In the arrangement of the production parameters, it

essentially does not differ from that of the biomass. A very high KK exists
between particulate nitrogen and particulate phosphorus (more than 0.9 at

the O to 1 m denth). .
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Fig. 1. Squere-meter velues (0-5 m) of perticulate iron
(mg of Fe/n?), Rectsee.

Teble 17. K-Analysis to reference parameter Particulate Iron,

Rotsee. .
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Between particulate iron (Fig. 41) and the production parameters, (465)

nemely the biomass, there exist only extremely scarce relations, as the
K-analysis of Table 17 srows; only at O m, a KK to the Chlorophyceae may
be debected.

In the course of the ycar, a varticulate-iron impoverishment of

the trovhogenic layer may be found.
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Conclusions

In the Rotsce plankton, the Cryptovhyceze are predominent. Frem
the. fect thet orecticelly no intazct cells were found in the nypolimnion,
one mey conclude that e larse part of the cells were minerelized already

in the epilimnion.

The Joining together of the KK relative to biomass results in en

ecologically "mesningful" gredation.
4.32 Phytovlenkton in the ILeke of Lucerne (h87)

Besed on the findingzs of the last chevter, regerding the assertive
force of the determinetion of particulate nitrozen, and the fect that phyto-

plenkton in the Leke of Lucerne was resesrched by STADEIMAMN (73), and

BIOESCE (8), & more deteiled illustretion mey be omitted in this connection.
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FPig. 42, Squere-meter velues of ohytonlenkton biomass
ceeonrding to STADBLMARLG (l9?l,, g C/mp, 0-15 m,
Lake of Lucerne.

To get scouvinited with the conditions regerding biomess in the

,..

Iake of Lucerne, Fis. 42 snovs Lhe biomass curve celeulated by STADBLNY
bl

5oL

75 from the C:¥ velues, in tre form of # C/ma. In the mlentton, the
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blue-grecn algae were predominant, that is, Oscillatoris-rubescensalmost

represented meinly by Flacilaris crotonensis, Tebellorin-fencstreta,

Cyclotells spp., and Diatoma elongatum, Among the -flagelletes, Rhodomonas

lacustris end Rhodomones lens, Cryptomenes ovaba, and Cryptomonss -erossa

were pregent almost oll yeer round.

K-fnalysis

Since the biomess welues of the curve, teking.into- consideration
one fector, correspond to those of particulste nitrogen, :the-periiculete-
nitrozen value (Toble 18) may be used directly for the K-snalysis.

Over the whole trophogenic 1ayer,‘there exist negetive KK-between
particulszte nitrogen snd the nutrients nitrete and phosphate. Here, the
oroduction-determining role of the two nutrlents mey be clearly.seen. There
is a close relationship between particulate nitroaan~§nd-p&rbigglatevphos~
vhorus, with a KK of 0.82. Likewise, there exist significant .corrélations
between primary production and perticulate nitrogen. The reletionship

between biomass and bacteria will be chown in chapter 5k,

Table 18. K-Analysis to reference parameter Particulate Nitrogen,
Iske of Lucerne.

S, e g e e
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e 4,33 Prirerv-Production Measurement

L ,331 Dailv Ravthm
e sidRnaadend ool =
[ .
L Each celculation of the primary production for a determined period
= of time, for instance for the yearly oroduction, requires a conversion

based on the hourly vroduction. An essentiel prerequisite therefor is the’

?f knowledge of the deily course of the vrimexry production.. The two investi-
1§
gations described hereinafter have only rendom charecter; nevertheless,
éﬂ for the investigated lakes, they serve to confirm the calculations of daily
¥ and yearly productions, and to evaluate the exposure methods applied.
i In the Rotsee (12 August, 1959), and in the ILeke of Lucerne
! ﬁ (21 May, 1959), on a cloudless day, tests were carried out "in situ et loco",
- to answer the following cuestions:
g
j. 1. Which conversion factor must be used to determine the daily

production from a measurement carried out between 10 A.M. and 2 P.M.?

2. Is the production total of a stepwise series of short-term

experiments identical with that of a long-term exveriment?

3. Bow does the daily-production curve oroceed in comparison to

the ligat curve?

1 13 Methods
| U
; The sampling depth in the Lake of Iucerne was 2.5 m, in the

Rotsee 1 m. At the beginning of the experiment, 20 liters of lake water
were filled into & bottle which was stored during the day at the collecting
i ;5 depth. This met the prerequisite that during the investigation, an in-
variable phytonlankton populetion be aveileble.
. Two series of bottles were formed. At the beginning of the

. . . . . . ik .
exneriment, the first ‘series wes mixed with 7 C, ond exvosed. Every hour,




1
:
LJ:—
I o ) .
rm. two bottles each were withdrawn end evaluated. Eereinsfter, this kind of
| i '
A l o
1
D . exposure will be called "long-time". From the second series, two bottles (459)
. . . . L
} fﬁ were filled eech hour from the 20-liter bottle, mixed with = C, and exposed
iy .
| for one hour. This kind of exposure will be called "short-time".
l"",\'
i With & solearimeter, the number of cslories striking one square
.4
. meter of lake surfsce wes determined, and with the relative light measure-~
. ment (see Methods), taking into account a L4% reflection at the lake surface,

the energy &t the respective exposure deoth was calculated in kcal per square

-

5

meter. From these values, it is possible to calculate the quotient of the

£

light utilizetion (ng of Cfix/kcal X m). .

ro

Results

1. Ialke of Lucerne

23
o

Fig. b3 shows the swmmed-up values of the "long-time" end "short-

time" experiments. In the "lonz-time" exveriment, the daily total is
R = J r

1449 ng of C/m3, in the "short-time" exveriment, 139.7 mg of C/m3, that

is, in the Lake of Iucerne, the daily total of the "short-time" experiments

; is identical with that of the "long-time" experiments, within the limit of

.1k .
ercor of the ~— C-measurement, for the 2.5 m depth step. The scattering of

the applied method is 3-5% (SCEEGG (62)).

From the asscent of the two curves, it may be seen that the bhourly
3 0

increase in the "lons-time" experiment is subject to considereble fluetu-

©

stions. Its minlmmam was only 2 mg of C/m3, between 2 and 3 P.M.. According
o to OLIE (47), this reet period is due to the inhibitory effect of mainly
SR2

extracellular accumlation of assimilates, and to the lack of turbulence.

oiLE (87 proved cxserimentally that the water turbulence, the

ne R . 3 Az R s - .1 gt 1 K
"washine ciTect”, is of decisive importance.. In the "short-time" experiment,

.
L

these fluctuabticons do noi occur.
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In Fig. 4%, tre "short-time" values of the primary production are

plotted ageinst the available energy. Also the cuotient of the light uti-

lization is indiczted as a curve.

At o relstively low 1i

10 AL, & surHrdeinsly hish primery urooucLlon

ht intensity, in the rorning between 9 end
A\ HE

sebe in, with correspendinily

high values of light ubtilization. At maximum light intcnsity, between
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i . 1 and 2 P.M., there is a minimua of hourly primary production, and the

|

o : . . o . - . .
mininum of the light utilization. This phenomenon may be explained with
a light irhibition. Fowever, it may also be cdue to the physiological

l

FER)

exhaustion of the vhotosynthesis apparatus (OELE (47))

A second raximun of the primary production appears between 2 and

[3 3 P.M., at decreasing light intensity in the exposure layer. Toward evening,
] :

the primary production decreases again, in accordance with the decreasing

lignt intensity.

- : 2. Rotsee
= On 12 fugust, 1959, the sequence of the semplings in the Rotsee

was further condensed, in that the "short-time" experiments were carried

out overlapvingly for s helf hour. (Immediately after the withdrawal, the

saroles vere filtered on the boat).

The results are shown in Fig. 45. Between 7 andlO A.M., there is

a very reoid ascent of the hourly primary prcduction values, which ends up

in & plateau between 10 L .M. and 1 P.K..

At highest light intensities, between 12 A.M. and 2 P.M., the

inhibitory effect, already observed in the Lake of ILucerne, appears, with

. a decrease in the hourly primery production by almost half. Likewise,
; & . .
3 L -also the ascent of the primery production wes observed again, at decreasing

>

lizht intensities, in the afternoon.

The differences between the "short-time" exveriments, shifted by
A 2

a half hour, showed that the production may undergo considerable fluctuas

tions wibthin shiord intervals.

-

o A /77
Cernerisen of the daily totale: (W72
totel, sterting et the hour 3E8.1 my of C/"'3

total, starting at “the half-hour 37h.5 mg off /A3
during the whole cday 384.9 mg of C/m

40]
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Taking into account the meny separate experiments, the "short~time"
e o = Por . b

values (12 each) are surprisingly close together. As in the Lake of Lucerne,

noe

the "long-time" values differ considerably in tTheir hourly increase from

un

that of the "short-time" values; hovever, the daily totals of both kinds

of exposure are again identical.

Fig. 45 shows the values of the irradiated energy of the exposure
depth. The waximum irradistion, in time, coincides again with the observed
inpibition of the primary dproduction. This results in the least utilizetion

of the irrocdisted lig.v.
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Conclusions

Fa

The questions osked at the beginning may be answered as follows:
5 1. The daily total of hourly experiments corresponds to the values
of daily measurements, that is, the productivity for the same plankton

pooulation is constant. DOTY et al. (13) also state the same daily totals

for longz-time and short-time experiments.

5 2. Considerable caily fluctuations occur, which may be of .very (472)

short duration, that is, in the order of magnitude of minutes.

3. The daily curve for the primary production of the short-time

experiments shows an affinity to the light-curve in two directions:

a) the dependency on the light intensity at suboptimal exposure,

b) the inhibition of the primary production by overexposure. Apparently,

the physiologically opntimal exposure exists only for a very short time in

the course of the day.

L. If sn exposure takes vlace between 10 A.M. and 2 P.M., the

conversion factor of the hourly oroduction, for the ILake of ILucerne, lies

above 9. If the values obteined between 7 and 9 A.M. are interpolated to

the deily production, a walue of about 10 is obtained for the 2.5 m layer.

m

his factor was used by STADRLMAFK (73) to calculate the caily production

i o a1 o - : , .

ﬁ ) for the velues per m® of lake surface, that is, for the whole profile.

i ' ,
For the Rotsee, this factor might be lower; at an average producticn

Pl

3 of 52.8 mg of C/mon, between 10 A.N. and 2 P.M., it lies at 7.5 - 8 for the

1 m layer.
These wvolues ooply to the layer of maximum productivity.

5. The cxnosure time of 4 hours avplied in this -rcsearch does not

constitute the ideal solution, since at the end of the investigetion period,

il coincides wilh the lizht-inhibition veriod. fhecordins to OHIE (W7), there
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is also an increased.release of assimilates during these periodé. Better

bases of conversion to the daily production would be obtained with a 2- to
3-hour exposure at the optimal time between 10 A.M. and 12 A.M.“?ﬁIQP.M.,

taking into consideration the light curve, or with an exposure over the

whole day, from one hour after sunrise to one hour before sunset.

332. Primary Production in the Rotsee

Fig. 47 shows the values of the primary production in space and
time sequence. In view of the rendom character of the separate measure-
ments, a real isopleth illustration was omitted. The figures indicated
in the Teble are the velues measured in the clear bottle. The providing
of a difference to the dark-values was omitted intentionz1ly, since each

incorporation of C atoms into orgenic substance contributes to an increase

thereof. . e

:: - 4,2 Bae 2,9 0 1,8 b 1.4 1,5 -3 1,e EFC IR - 5.3

Fie. 47. Primery-oroduction rates (clear-velues), mg of C m3h
Fig X 2 ass ?

in the Rotsee.

The uppermost leyer of 0 to 2.5 m is the carrier of the physio- (473)
logicelly "highly active" plankton populetion. In this léyer, the bulk of
the phytoplankton bicmess is built up. The main vezetational periods are
in early soring, and to a lesser extent in the summer months. In Januery,
1970, extreme maxime are found under the ice. Howevér, they show a very

.

srall vertical extension.
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Table 19. K-Anelysis to reference parameter Primary Production
(clear-values), Rotsee.
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Fig. 48. Souare-meter velues of primery production (0-5 m),
ng Cﬁqo/mgh (-*-*ﬁ, auotient maximum velue by
[oSEwN
mean value (- — —), Rotsce.

The correlation analysis (Table 19) shows high KK to the biomass,
to the dark~va1ges (see Appéndix), to the PP and PN values. The relation-
ship to bacteria will be discussed in chapter 5.31. A negative K to phos-
phate and nitrate exists only in the 2.5 m layer, where also a négative K
to ammoniwm may be observed. Furthermore, & KK of 0.52 to dissolved iron

ray be detected.
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Fig. 48 shows the assimilative performance below 1L m® of Iake (W7l

surfece (calculated with "Profile" program). It shows a marked peak in
the spring of 1959, a smaller peax in the summer of 1959, and another peak
in Jamuary, 1970. The quotient of maximum velue by mean value, which con-
stitutes 2 measure for the course of the curve, reaches in January, 1970,
a value of 7.5, that is, the layer of mein productivity shows a Iow magni-
tude. Yor one-peak curves, this quotient is well suited for the lake cha=~
racterizetion suggested by FIEDELEGG (16), with the vertical distribution

of the prirery production.

Y4 .333_Prirery Production in the Lake of Iucerne

Fig. 49 shows the space-time disgram of the primery production
clear-values in the Iake of Iuncerne. A rarxed spring meximum is followed
by a minimum in June and July, 1959, snd another late-summer meximum. The
layer of highest production generally lies at the 2.5 m depth. An isolated

high velue of 34.8 mg of C/m.u in August, 1959, at the 10 m depth, was found

to be due to the presence of embedded Oscillatoria rubegcens.

The primary-production values lie higher than those indicated by
GNCETER (19). It is true that the measuring site for the present investi-
gation was shifted by some hundred meters, out into the bay. It is also
possible that this increase is not due exclusively to an increased sewvage
lcad, but rather to a deeper-reaching circulation. That these mixing depths
in the Iake of ILucerne are subject to considerable fluctuations, was shown
by AMRUEL (4.

GERLEZTI (20) found that in the dcep Laro Pﬂf"lorﬂ the turnover
depth in coch case pleye an immortent vart in the production of the following

year.
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To draw dircct conclusions with respect tqitrophic grovth, a
longer period of time would have to be taken into consideration.

The K-Analysis (Teble 20) shows a very close interrelationship
to the vroduction parsmeters, especially a hirh KK to the temperature,
which indicates that in the Iske of Lucerne,‘the temperature plays an
important part in the primary production. - Regative KK exist to nitrate
at O m, and to phosphate at all depths down to 5 m, The primary production

{clear-values) always correlates Dark with the primary production, down to

the 10 n depth.

i F 3
PR ERNOAN
0 N R Rk a.e2
Seh¢ 2,57
25k ol 2% 3,46
5 T3y 2,75
U9 1,82
W 2 #0305 s.r LY M tar ‘:A !.;4 03 1,50 1,80 222 1,05
2 2,67 3,7C 0 O,0f 04T 5% 0,06 230 03 0,85 L,10 o7
ln?r' €20 0,25 1,27 Yo7 Cudm 2,82 (L8 "2 0,16 C.L6 2,3 0,61 0,3) £.44

Fig. 49. Primary~production rates (cle&r—values),
mg of~CaSS/m3h, in the Leke of ILucerne.
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5. Production in Relction to Degradetion (u75)

Mineralization is the breakxdown of energy-rich chemical compounds

to enerzy-poorer ones. This breakdown may be a purely chemical process, or
7y .

o

it mey involve orsenisms (dezrsdstion). In degredation, pert of the broken-

g down material is used to build up secondery biomass of heterotrophic orgen-
! - isms. The secondery biomess, generally, is smaller thén the biomass formed
u eutetrophically. In only slightly polluted lekes, this may be clearly seen
_ PAVONI (54)).

The heterotrophic biomsss production mey exceed the autotrophic

B

‘biomess production only if larger axounts of assimilable substrate of al-

lochthonous origin or from the recovery of bottom sediment are availeble.

“\1. Sach en exemple wes described by KUZIEZOV end ROMAKENKO (37) for the demmed-
up Rybinsk leke.

In the vproduction biology of lekes, the detecting of relationships,

or the setting of values, is vossible only if the energy flow 1s followed,
not only to the built-up orgenism (with energy-rich chemical compounds),

but rather, to the reminerelization and build-up of secondary heterotrophic

biomass. It is therefore not sufficient to merely determine the effects of

these processes, such azsg oxygen deficiency, CO2 accumulation ete.

The energy basis (substraste) for heterotrophic growth are energy-

rich organic compounds. These compounds may occur in e lske in particulete
= form as stending crop end detritus, or in dissolved form s excretion or
~ . sutolysls products. For the planktonic becterisl flora, dissolved substreates

are of prime impmortance. -
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5.1 Phvtoplenkton Fxeretion and futolvsis

Nany 1nvost1{'tlom° have been devoted to the origin of dissolved

orgenic components, and to their ecological imwortance (FOGG et al. (18),

ROVASOLI (57), LELLEEUST (25), NeLTindKo (43), and 1OOD (29)).

et E e e g

'\g. 15m ! .
3 N

g Teble 20. K-finslysis to reference paremeter Primery Production
cleer-values, Leke of Lucerne.
leer-values, Leke of L n

’;

fccording to FOGG et ol. (18), plsnxters cxcrete orgenic scids vhich are  (476)
Eﬁ eagily essimileble for bacteria. For excretion products, such as glucose

and acetate, IOBBIE end WRIGLT (27) showed thet the essimiletive rates are

very hizh. In a body of water, only mimite amounts of suger, for exemple

slucose, mey actually be detectedj*~For emino acids, GOCKE (21) showed ex-
ﬁi rerimentelly, on becterie-conteining end becteria-free cultures of Scenedesmusg
Ll REgUENERS

cundriceude, Lx t in the becteria~-conteining culture, substentially smaller

emounts of free suino acids ere sccumuleted, so that even these occur in

reletively low concentreticons. Yowever, Llicre exist slso fore difficultly

etiacioble compounde, melinly inunic acide

In gseocirtion vith =evticulete »hospiorus and nitrogen analyses

St h TN TR e poy \ = s - Ca e 2 N
(sirpamkasd (730), elso the dissolved or wnic components thereof were determined.

i
[EHRRs]

Froa eoteblinhod by AT

cnd LRl oy nn (E2Y.
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Methodiceally, tﬁe determination of dissolved organic substances
in lake weter caouses gome difficulties. It is possible thet the relatively
high values resulted in part by the bursting of cells auring filtration.
This might be suspected varticularly for the Rotsee, where about 1700 ﬂg/l
vere found during the January, 1970, investigetion. At thet time, the
plenktonic vopulaticn consisted mainly of flegellstes, Rhodomonas, and
Cryptomones, which are known for their pressure-sensitive cell wells
(VOLLEKWRIDER (80)). A direct proof for losses was provided with the
14 s . / - . -

C-method by ARTHUR et al. (o). However, the size of error depends on
the kind of plenkter; it is therefore inconstant.

Figs. 50 and 51 show for both l“”es the dissolved orzsnic nitrogen

comoounds in the space-time diagren.
Lecording to STADIINAIL (73}, in the Bey of Horw, except for the

winter montiis, the particulate orgenic nitrogen outweishs the dissolved

2

organic nitrogen ver 1 m~ of lake surfece. In the Rolsee, in accordance

with production figures, in Jenuery to April, 1959, snd 1970, particulate
nitrogen is higher; during the other months, dissolved organic nitrogen
is higher. However, in both lakes, the velues of thke discussed components

lie in the ecame order of megnitude.

Discussion

In the absence of minerslization end rebuild-up, the dissolved
organic substance would heve to constitute the sum totel of 211 the ex~

cretion end autolysis vroducts vielded during the stegnation. According
(X Iy o' O w) (o]

to OrLE (48}, end measurements cerried ont by BLORSCE (verbal communication),

only e minor vorbticn of the evailoble primary production can be ollected

in the sediment. If o lerge biomess, with corrcepondingly lerge excretion
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end sutolysis performance, is availeble in & lake;'yet only low sedimenta-
tion rates end relatively low velues. of orgenically dissolved substance
are found, these conditions mey be interoreted only by en extremely rapid
mineralization end recycling of releezsed organic substence (NALEWAJKO (43)).
if the vartly high excretory performence of the algse in the layer
of highest production is teken into considerztion, then even the dissolved
orgenic cormonents (dissolved orgenic N and P) would have to show consi-
derably higher differences in the vertical distfibution. This is not the
case, and it therefore constitutes snother indication for the capacity of

the becteriel population in the trovhogenic layer.
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Fig. 50. Dissolved orgenic nitrogen, Ng of N/l in the Rotsee.
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Nt At first glance, it is diseppointing that, in comparison to the
Il 3
L »

bacterial counts, particularly the merbrane-filter counts, no KK exist in
i { the yesrly cvcle of either lake. Regarding plele counts, in the Rotsee,

there is 2 relatively low KX of 0.58 te dissclved orgenic nitrogen. There

are, of course, some exceptions, es, for instence, in October, 1959, when

; [? a2t high membrene-filter counts, the dissolved orgenic nitrogen showed lowest
; values.
% ﬁ A similar discrepency between dissclved orgenic nitrogen and its
(G . i

- utilization by bacteris is found in the merine field vhere, on an aversge,
' 5 1 mg of C/liter is availsble indsscived form (KALLE (33)). For the epi-

1 limnion in fresh water, these reletively high dissolved-orgenic-substrete

. values may be exvlained as follows:

{_4. o According Lo WAIXIANK (82), the bulk of the dissolved orgenic

i

substence occurs as higner-molecular compounds, meinly es humic acids,

which bacteria cannot stteck directly. In the lake, there exists a certain

level of orsenic substance which it is difficult to utilize for bacterial

mineralizetion. The relatively high velues of dissolved orzanic substance (478)

therefore are the "summed-up" difficultly attackeble organic compounds.

RN TR S - L4 T

The bacterial pooulation obtaing its substrete meinly from fresh

orsanic substence, that is, from substance releezsed directly by autolysis

AL R A T E e 397

and excretion. Only when this latter decreases to small amounts, the avail- |

2ble crzenically dissolved level 1s reverted to.

5.2 Jornhalosw of Beeteriz in the Open Water

To interprei wicrobiological processes occurring in a lake rerely
o the brsis of ehemicsl mecsurements would be tantamount to confounding

ceuse and eifcet. A prerequisite for the comprehension of dynemic relations
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is the knowlede of the orgenisms which co-determine to a large extent the
changes in the chemism of the biotope. Apart from the bacterial biomass,
also the morpholegicel picture is an "enswer" of the bacterial flora to

the substrate conditions.

5.21 Plsrktonic Bacleria

" VWater, the natural habitat of microorgenisms, is suboptimal for
their nutrient recuirements. The characteristic form of the allochthonous

heterotrophic microflore, physiologicelly, is present in "weiting position

P -

or, as Waksrmen (from JANSASCH (32)) defined it, es "waiting cells". These

latently occurring bezcteria vhich, so to say, metabolize on a "vilot fleme",

=

sre also celled "zymogenic", according to Winozredsky (from JARIZASCH (32))

The peoulation as & whole shows a huge ecological valency, thet is,

from & mulitiplicity of vhysiological groups, the one that owns the enzymatic
ecuipment corresvonding to the nutrient suvpply, is mobilized. WUERRMARE (83)

designeted this ohenomenon s "sociologicel adsptation". The term "adaptation"

is to be understood in relztion to the blocoenosis es a whole.
Most acguoetic bacterie occur as free swimrers. Shepe and structure

o

rey very considerably, devending on the nutrient suoply.

e o ) NP e . R,
% S
i \
!
[
1
t v
L. - - POR. — - s [URN R SRR
Fie, 79, Coced ~nd clors rod forrs on merbrenc-filter rreparation
2.5 v Genlr) from Love of Ducerne (mzenificetion ebout
1800 x, viesc controch).
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£11 the zymorenic cexms are small, in the order of magnitude (479)

of 0.3 to 1 4. It is particularly difficult to recognize the "zymogenic"
H

germs in nutrient~deficient waters. Fig. 52 shows a membrene-filter pre-

paretion with zymogenic bacteria from the Lake of Lucerne.

To. verify these minute forms, an April, 1957, sample from the
Izke of Lucerne wes examined under the electron microscome. The lake water.
was fixed with 5% formol, diluted tenfold with membrene-filtered (0.1 /u)
water, and 0.02 ml were evaporated on a Formvar film in the water-jet vacuum.
The picture from the electron microscope (Fig. 53) shows that the particles
in the foreground have the same size as the particles counted on the mewbrane
filters., At 18,000-fold megnification (Fig. 5h}, one may recognize bactéria
with shexrply merked cell walls and slightly shrunk plasme bodies. The size
of the particles is 0.3 - 0.k }L

Electron-microscopic examinetions should form a constituent of an
extensgive morphological clarification about the veriability of allochthonous
bacterial flora in the headweters. Such investigstions on stalked bacteria
were carried out by EIRSCH (25).

& quite different picture was found in the Rotsee, where the becterial
density wes considersbly higher than in the Ieke of Lucerne {see chepter 5.31).
In eccordance with the highexr substrate concentration, the separaté cells ere
larger, and therefore more eassily recognizsble.

By way of example,‘Fig. 55 shows & live vhotograpvh of the population
existing on 17 Jenuery, 1970, from O m. Compered with the plankton density,.
the bacterisl count is extremely high., It mey be seen here how difficult it
is to rocé;nizc bhe forme, since only the smellest number. of the bacteria lie

in one picture vnlane.
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Live photogreph: Fil

(Lenzth up to over
At the ri;ht,

widtl: ray be recosnized.

Size of be cnexia 1-2 L,
17 cEmaeyy, 1970, O m depth,

spirills v forms

flacelletes are Chlamycomones s

g

Rotsee
at €00 x, phese contrast),

(481)

lementous bacterium (1) .

50 M, diemeter 0.1-0.2 u)

(2) of very large spiral
/Drll 1959, 2.5 m depth,

Rotsec (rzgnification cbout EOQ X, rhase contrast)

Live »hotosreph:
Lordld,

seiriller forms (1) from the epilimnion,
1959, 0 n dentl,

Rotsee (marnification about

1220 x, whese contyrst \ -
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In the Rotoee, extremely thin filementous bacteris (diemeter

0.1-0.2 P? eopesred very often;
7z

of spirilla evveared (Fig. 56).

at the seme time, small accumulations

also larger spirilla zpoear (Fig. 57). The very long, thin forms occur
also in the hypolymnion, where the bacteriel population reaches extremely

high velues (Fig. 58).
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Fig., 58. Live photogrevh: Bacteria from the hypolimnion
14 m Gepth), foril, 19569, Rotsee (megnification
) < ) 2 [
about 1000 x, phase contrast).

5.22 Growth Forms

"Growth forms are associations within which rather large orgenic

or inorgenic varticles mey be recognizedi Their occurrence may be site-

devendent. In lakes with lower substrate concentretions, growth particles

are the result of deficiency conditions. The Februexy, 1959, photogrevh

from the Icke of Lacorne {(Fig. 59} igs an exermle therefor.

(=]

.

bodies are fonnd also in hiphly polluted weters, where bacteria settle

dovm on vashed-in oryenic particles.

Lowever, in the epilimnion of the Rotsee,

(482)

Lovwever, growth
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Bacterial growth on phytoplankton mey hardly be observed on
intact podulations; however, bacterisl decomposition of phytoplankton
oceurs after vwater bloom, and below the layer of meximum vroductivity.
FPig. 50 is from the Rotsee, a2t the 5 m depth, in March, 1970. It shows

a flagellate cell on which nwrerous becteris have settled.

o .

icle on merbrane~filter preparation.
ry, 1909, 0 m denth, Iake of Imcerne
(magnification about 800 X, vohase contrast.

Figz. 0. Bacteriel decomposition of a plankter in the metelimnion.
Morch, 1970, 5 m depth, Rotsee (magnification sbout 1250 x,

rmembrane-filter preveration, phese contrast).

5.23 Zoosloeze

Zoogloeae are cell associations without growth core. Generally,

they aré-species«determined. Tne occurrence of zoogloese is typical in
waters of high substrate concentretion, and in special enviromments, as
the exenmples from the Rotsee show.

Fig. 61 shows a special zoogloeal form from the Rotsee, beside
filementous bacterial forms.

Further zoozlocze from the Rolsee, such as Thicocdie rosea,

Lentothriyx noseudoicunlete and larmrocetls rogeoversicine will be discussed

later on (see chouvter 5.24),
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Also in the Iake of Lucerne, speciel kinds of zoogloece appeared

occasionally. Fig. 52 shows the form Plenktomyices bekefii Gimesi, described

also by PLVOLT 0533, 2 stalked bacterium which may be obhscrved relatively

- often in the Lake of Lucerne. These ster-forming, stzlked bacteria are

often mentioned, in 2 greet veriety of forms, in sea-bacteriological works

(XRISS (3h4)).
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Fiz. 51. Zoogloeel form, membrene-filter preparation.
Februsry, 1970, 5 m depth, Rotsee (megnification
zbout 1000 x, vhase contrast).

. -~ ) . . .
Fig. 92, Planktomvces bekefii Gimesi, stalked, ster-forming
becterium, cell diemeter 0.8-1 J. Septerber, 1959,

7.5 m depth, Leke of ILucerne (megni
1500 x, phase contrast, membrene-fi

fication about
lter preparation).

5.2t Snecial Rotsee Forms

Thionedila roses Winogradsky

5

The most remerksble form cmong the hypolimnetic beacteria of the

. SN . s o s - ) . . 7
Rotsee is Thiopedie rosce Vinogredsky (LUBBR~PESTALOZZI (30)) (Fig. 63),
Thiovedie belonss Lo tie Thiorkodacete. These gre photasyntnetizing

becterie whicn fix cerbon by utilizing hydroszen sulfide, thiosulfete or
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molecular hydrogen as hydrogen donors. The CO2 fixation may take place

. 3

over the Celvin cycle or other carboxylation mechenisms (SCHLEGEL (66)).

)

Apexrt Trom the CO2 fixation, cearbon mey also be assimilated in the form

of strongly reduced orgenic compounds (fatty scids (SCHIEGEL (57)).

= Tniopedic roses, its veerly curve: )

? hecording to Utermtnl (from FUBER-PESTLLOZZI (30)), Thiopedie is

) highly microcerophilous. The spsce-time diagrem shown in Fig. &4 confirms
-

t; _ this proverty. fpperent exceptions (4pril, 1959, Februery and March, 1970),
s where Thiovediz esppeared in layers of higher oxygen contents, were due to

: the circulation'of the water messes.

¥ The maximum velues "feel', so to speak, the border line between

i oxyzen and hydrogen sulfide 211 vear round (shown in Fig. 54). Metabolic
“. - reculrements for hydrogen sulfide es LE~donor may exvledn the-maximum oc=

- . . currence in lexch, 1959, et the 14 m deoth, and in June, 1959, at the 7.5 m
= deﬁth. From June to September, 1959, practically no Thiovedis cells avveared

in the hypolimnion. In KNovember, the sutumn circulation sterted, which

3 geve rise to an oxygen trensfer to the deep weter end, thus, to the appear- -
1B
1§ ance of Thicmedia. A particularly interesting situstion was found in
j Decewber, 1959, when & circulation occurred 2lmost over the whole water
column., Emerzing from the mud (sccording to Utermdhl from HUBER- (485)
e . - . . . N . - )
q PESTALOZZT (30), Thiovediz occurs in lsrse numbers elso in anserobic mud)s

lerge numbers of Thiovedia cells were brought up into the epilimnion, unto

0 m. However, the homogeneous distribution thet had been expected, did

- : not occur, in tret et the 5 m denth, & reletive meximmm zpvecred, which

I'e

reflects the vrobvebly ontimel 1irkt corditions et titls depth. In Decernber,

over toe wiole veler column, the oxyien wvelues vere lesy than 1 mg/l.
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die ﬂrowtu. In Januery, 1970, at the

of l). me /l the ebsolute maximum growth
This sample therefore got
One month later, in

ent hed fallen from 13.1 m“/l to 1 mg /l

ion of hydrogen sulfide as hydrogen
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Fig., O4. Thiocediz rosea, 10
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3 3 cells/ml; Rot
cells/ml, Rotsee.

e~sray sheding: oxygen content less than 1 mg/l.
Dark~gray sheding: Thionedies accumulations.

Discussion : (485)

The production values of the 1¥C—measurement at the 14 m depth

reflect the aovnearance of photomyxotrophic becteris, such as Thiooedis end

Lemorocvstis (see Figs. 55 end 65). Tius, in March end Lpril, 1969, velues

2
of 4 to 5 ng of C/th were found, and in January, Februery, and Kesrch, 1970,

. 3 .
"> to 10 mg of’ C/m“h. In Jenuary, e semple teken from the 14 m depth, wa

exposed at the 5 m depth, that is, it was exposed to higher 1light intensity.

<

It wes then found thet 34.2 my of C/m3h were incorporated in this sample;

this is & times the velue of the production teking plece at the 1t m devth.

This ellows to conclude thet in the area of natural occurrence, at the ex-
tremely weak 1light of the 1% m depth, the vroduciion is far below the pro-
ductivity of the orgenisms.

fmezing is the fact thelt Thiovedis rosee showed its meximum growth

et the 1k m depth, where with the light-measuring meens used, no more light

was detected. Awnparently, Thionedle i

s sensitized to extremely low amounts

.

of light. According to SCHLEGEL (O7), the Thiorhodaceae zre sble to absorb,

not only infrared 1ight, bub with the ald of cerotenoids, elso light in the
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visible range between 40O and OO0 nm; thus, they are capable of photo-

synthetic performonce in the wave-lensth range of which the weak light of
deeper lsyers consists. The green light (1% VG 9 (= 525 ) ) genera.ily
penetrated deepest during the rmonths in whieh hypolimnetic Thiovedie maxima

wvere observed.

It is not probable that these Thiopedia maxima are due exclu31vely
to the utilization of reduced orgenic compounds, that is, to heterotrophic

growth. A corresponding sensitive in~situ lic¢ht measurement would further

claerify this point.
If a priority were to be set on the fectors limiting the occurrence
of Thionedlsz, the hydrozen-sulfide content would have to be placed first.

lowvever, with respect to vproductivity, ‘:“t in the green range 1s decisive.

Jamorocysitls roseoversicine

Fig. 55 shows the occurrence of lemorocvstis. Also this bacterium

belongs to the Thiorhodaceze. Together with the Thionedis roses cells, also

mossive growths of Leworocvstis roseonersicinz were observed (Fig. 63).

é i Parallel to the massive growth at the 7.5 m depth of more than 100,000

Thiovedia cells in June, 1959, 19,000 Lemorocystis cells/ml eopeared. An-

other smeller growth was found in October, l959,_with 7800 cells/ml of (488)

‘ . ~

Iermrocystis, at the 7.5 m depth. Simulteneously with the massive growth

of Thiooedis rosce, in Jenuary, 1970, at the 14 m depth, 25,300 Lemorocystis

0 S L W f = N PO T G R

4 b cells/ml were found. This oopulation showed a considerable metabolic
activity, which was evident from the very high primsry production value

of 10 mg of C/m3h.
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Fig. 55. lemorocystis roseonersicina, Rotsee.

Chromatiwn densecremiletum Skuje (Chrometium Linsbeueri Gickhorn)

Fig. 57 shows this Chrowetium soecies described by SKUJ& (71).

According to Skujae, it is cextremely difficult to distinguish the two ebove
: J8,

y

mentioned species; probebly, they are even identical. The observed cells (487)




vere 12-15 M in lengbh, end 6

they corresponded to the Chro

85.

-8 M in width. To judge from the granula,

rnztiunm densesrznulatum mentioned by SKUJA.

The color was weak, and the c¢

picture.
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Pig., 57. Chyore

ontours eppesred only in the vhase-contrast

Length ebout 12 M,

t
width ebout © M. Aoril, 1959, 5 m depth, Rotsee

(live

hotogrenh, megnification 2bout 1250 x,

phase contrast).
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Fig. 58. Chrometiun
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dense;ranulatunm, cells/ml, Rotsee.

The observed cells showed & rather marked small areola. The

light-refractive amorphous little spheres (CaCO3) described by HUBER~

PESTALOZZI (30) were zlso detected.

(487)

. < 'y ] i . 03
Fig. 58 shows the space-time dicgrem for Chrometium. Two maxirmm

accurtuletions occurred in April, 1959,

&t the 5 m denth,

, ~ . z
at the 2.5 m depth, end in July, 1959,
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If one corpares the anvesrance of Chromatium with the nitrite
concentretions (Fig. 69) stated by STADEBLMANN (73), one mey see that the
two cell maxime coincide with the epilimmetic nitrite mexims. The nitrite
meximun ves due to nitrificetion, since et the seme time, high ammonium
concentrations existed. From this space-t}me conformity, one may presune.

thet Chromstium densezranulatum partekes in the nitrificetion.
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Fig. 59. Fitrite concentration (W5 of NO,-nitrogen/liter)
e Rotsee (according to STADEIMAIE, 1971).

TOTY

‘ Fis. 70. Lentobnrix recndovecunleoin. The formstion of sheaths

and the ¢mer-in: of sinle cells from the sheaths mey
be seen. Februsry, 1970, 2.9 m depth, Rotsee

X
(rmenificetion cbout 2CC0 x, phase contrast).

(488)
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Leptothrix sp. (cf. pseudovecuolsts (Berfiliev) Dorff)

In the Rotsee, this Leotothrix form apveared quite frequently.

70 srtows e Levtothrix filement. The lengths of these filements varied
considerably in the course of the year; thus, in April, 1959, they were
very snort, winile when with incrusted sheath (September and October, 1959),
they reached greater. lensths. According to SKUJA (71), there are two diffe-~

rent species, one avpesring in spirel shepe, the other one slightly bent.

A1l tre Levbobtinrix vseudovecuoletz filaments observed in the Rotsee were

(

straight. The cell size and nurber of vseudovacuoles may vary considerebly.
Trichomes without incrusted sheeths are between 1.5 and'l.BIM in width.

Trichomes with incrusted sheaths showed fewer vacuoles than unsheathed

trichomes. The vacucles ere alvays arranged axillerily. Compared to the (489)

Levtothrix nseudovecuolats described by SKUJE, the shealhs were surprisingly

small; generally, they were only twice the trichome width. The giasnt cells
described by EUBER-PESVALOZZI (30) were not found. The incrustation with
jiron compounds wes recognized only by the reddish-brown coloration of the

sneaths.

& X 3 3 2 S Q
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' 1 2 R
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i KPS Wl LG8 (8033 wen:
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ey < |
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T1. Lentoblnrix nscudovecuolate, lOu;A threed length/ml,
Robsec. Figures without brockets: Filoments without
ineracied sheotba;  ficures in bract L,: filaments

with incrusted suspths.

>
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Fig. Tl shows the space~time diagrem for Levtothrix nsendovecuolata

5]

in the Rotsee. In April, there was a mossive growth in the hypolimnion,

I

- ) '
with & mexinum of 30 x 10}}1 whreed 1ength/ml, at the 7.5 m depth. In the

spring, the slightly incrusted trichomes were predominant. The massive

<.

growth in spring coincided with thet cof Thiorvediz rogesa. The spring cir-

culation caused a distribution thrcush the waler column. The maximum was

at a very lov oxygen tension of 1 mz/l. This is in conformity with the

= indications of HUBRER-PESTAIOZZI (30) who described an appearance of Levto-

thrix in the mud, at low oxy<en tension.
——l, J )

A second hynolimnetic bloom occurred in September and October,

1969, at the 1k ang 7.5 m depths. This growth consisted exclusively of

i forms with incrusted shesths. ner govear only st low temperatures of

‘less than 10°C; optimel growbths occur at sbout T7°C. 470NT (53) slso
. 5 : 2

desceribed the spvezrence of Levtothrix weeudovecucleta in winter end in

iy . . e e s c . _ .
g soring. Leotothrix mey eppeer in both oxygen-enrichied and oxygen~deficient

zones. Thus, in April, 1959, et O m, and at en oxygen content of 12 m;/l,

1.5 x 10 M thread lenguh/ml still were Ffound. Interesting is the apvearence

lz:'.""’!é:"wiﬁ
=

of inecrusted sheaths at low oxyizen contents.

I Ul LS vl 2

According o LKUBLR-PESTALOZZT 30), iron znd rengsnese compounds
3 w

are embedded in the sheaths. It was not possible to detect sny clear
reletionsinip between particulate iron and the appearence of Leptothrix.
Only the 4pril, 1959, investigetion might provide en indicetion, when the

particulate iron exceeded 100 mg/l st simulteneous breaking up of the dis-

golved iron.
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. (2. Perticulete Kjeldehl H {tg of /1) of the Rotsee (490)
(eccording to STEDEIMLNE, 1971).
‘Discussion
h)

Fig. 72 showvs the distribution of rarticulate nltro“en in iso-

pleth illustration. In the hynollmnlon, there were extremely large amounts

of perticulate nitrogen, the occurrence of which was lars Zely due to the

existing hypolimnetic bacterial flora. This hyvothesis is confirmed by

the fact thet parallel to the appearance of Thiovedia roses, at 14 m depth,

in Decenber, 1959, and Jamery, 1970, there waes & considersble increesse in
the perticulate-nitrogen figzures from T10 NH/l in November, 1959, to 12OOIug/l
in December, 1959, and to 1400 ﬁg/l in Jamuary, 1970.

It must be emphasized that this particulate nitrocen is fixed by

orgenisms, end appeers only to a lesser extent as detritus. This state of

affeirs will be further dealt with in the summarizing discussion (see ch.7).

L) The isopleth illustretion orlvlnatcs from STLDELMANE (73).
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5.3 Verticel and Sessonel Distribution of Bacteria

n

OVERBECK (51) pointed to methods for the descriptive interpret-
ation of verticel profiles, which sllowed him to mske some essential
stetements on the dynemics of the substanée ¢ycle in the lake.

In esrlier reseerch (SCHEGG and RUSCHKE (85)), it was also attemptled,
from separate profiies of lzkes of verious trophicity degrees, to detect
the dynemics of the stbsbance cycle. Since sevarate profiles alwayé are
a kind of snepshots, which mey change again very rapidly, & joining together
of thesg separete profiles, even subject tp considersble differences, pro-
vides nore declarative Torce for the course of the action.

To cover mathemetically the combinations of different isovleth (491)
illustrations, the correlation anslysis was carried out over the whole
veer, at eacﬁ deoth step. However, despite the adventages of the spece-

time diagrem, it is sulteble to test various peremeters on the vertical

vrofile (OVERBECK (51)).

Nl: e e R334 due ¥a Vi Luy a? Wr o A% KR € 622
m L. s eem iy e e an P .

Fiz. 73. Membrane-filter bescteria, lO4 cells/ml, Rotsee.
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5.31 Rotsee

Fig. 73 shows the spece~time diapgrem of the membrane-filter

.bacteria in the epilimnion from O to 5 m. The figures were between 600,000

and 4,000,000 becterial cells/ml of semple water. At the 1b m depth, the

bacteria#counts were between 1.7 and 8.3 million cells/ﬁ . Thks indication

is revresentative for the hypolimnion,

- lMeximum becteriel counts coincided with e large primary production,
which may be seen both in the spring of 1959, and in the winter and spring

of 1970,

.

According to WUERMANH (83), in the physiological reaction rates

of vsychrophilic and mesophilic microorgenisms, there exists a temperature

factor of 1.5 to 2.5 ver 10°. This value zpplies to pure cultures. "In a

biocoenosis (Biological mud-clarifying plants), the temperature factqr is
considerably smeller (ebout 1.2 ver 10° A t). This is explained by the
"sociolozical adeptetion”, in thet relatively optimel conditions exist for

the population seleclted in each case. However, size, number, and conversion
rete depend exclusively on the easily assimilable Substrate aveillsble., It

may be assumed that a similer plenkton povoulation, even at higher temperatures,

would not sbow e substantial increase in the conversion rate and number,

at unchenged substrate suooly.

On the basis of these reflections, the high germ counts observed

in the Rotsee are to be understood at this low temperature. The vertical

distribution shows thet the maximum growth is menerally found at the O m

or 1 m deptn. This is the zone of.-high vhotosynthetic activity of the.

~

phytoolankton. This distribution in the verticel profile confirms the 1907

MY
Iy

findinss (SCHECC (53}

~—
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K-Analysis .
At O m, the K-anzlysis
plate figures, that is, one moy

nembrane-filter counts to nlate

K of the membrene~filter counts

92.

(Tedle 21)'ShQWS'a_KKLQ§‘Q'§7 with thg

speak gboul a constancy of the ratio of

counts. In a eutrovhic water body, the

to the plate counts is narxow, since a

ma.jor portion of the zymogenic serms is adapted to the higher substrate

upply of the pour-plates.

Teble 21. K-Anelysis to reference parameter

Bacteria, Rotsee.
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At O m, there exist further KK of the membrane-filter counts

to the primary production, and & somewhat smaller KK to biomass, Crypto-

~monas, and particulote nitrogen. At the 1 m depth, only a correlation to

PK end PP may be observeq. Already at the 2.? m depth, these relation-
ships to the production paremeters do no longer exist. The fixed cor-
relation betlween phytoplankton and primary.production, as indicated by
OVERBECK (49), must be modified, so thet this rela{:ion'applies mainly to
the layer of meximum vroduction.

Fig. T4 shows the vlate counts in the space~time diagram. During
the periods of mein productivity, in the sdring of 1959 and 1970, there
vere éccumulationq of the heterotrophic bacteria growing on tryptone- (493)
glucose ager. With this method, only aserobic heterotronhic germs were
determined. Tre messurements ot the 14 m depth, in the hypolimnion, there-
fore provided higher values only where a minimum oxygen tension remained
avellsble. Such a2 minimum oxygen tension existed during the spring, 1969,
and December, 1959, circulations. The evilimnetic values coincided essen-
tially with the distribuﬁion of the membrane-filter counts (KK + 0.87).

The absolute fizures were between 1500 and 56,800 éells/ml.

Theorder of magnitude of the heterotrophic bacteria determined
on plates differed but little from those determined by DUGGELI (14) on
Heyden agar. however, the yalues cannot be compared directly with those

of DUGGELI.(14), since the methods and substrate compositions were different.

K-fnalysis (Teble 22)
There exist more correlations betuveen the plate counts and the
production parameters trhen in the case of the membrane-filter counts, since

& higher percentage of heterotrovhic georms are adapted to the enriched

nutrient medium of the Rotsee then of a less polluted water body. KK exist

-



o

Table 22. K-finalysis to reference varemeter Plate Counts,
Rotsee. .
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particulerly between the plate counts and varticulate nitrogen, the biomess,
'cryptomonads,~primary production, rarticulate phiosphorus, and the nutrients
‘phosvhete and smmonium. At the 1 m depth, this psitern is obtained, in
that the K to the cryptomonads end vperticulete phosphorus result higher.
This points to the degredation processes taking place in the layer of main

productivity.

Ciliates (Fiz. 75)
Loart from zoopnlankbton (which, unforbunately, cannot be dealt with

in this investigation), the ciliastes are consumers of bacterizl plankion

(RUTTNER (50)). They are srouped as a whole. The most frequent forms (4ok)

vere Strowmbidium sp. and Coleps sp.). Their appesrance coincided, in

space and time, with the bacterial rexima; agslomerations were found
particularly in April, 1959, dt the 1 m deptn, and in Janwary, 1970, from
0 to 2.5 m denth. The firgt mossive annearence reaéhed & meximum in May,
1939; while the bacleria end ple. kion populetions had receded considersbly.
The distributlion over thw whole ycar rhowed the close intérrelationsh’ﬁ be-

ween cilictbes and prigsry end sccondery biowmass which serve thoem as food.
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Abb. 75, Ciliaten, Zellen;ml, Rotsee,
Fig. 75. Ciliates, cells/ml, Rotsee.
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Abb. 76, Membranfilterbakterien, 10 Zgllen/ml, Vierwaldstiittersee.

FPig. 75. Merbrene~-filter bacteria, 10 cells/ml, Iake of Tucerne.

5.32 Izke of Lucerne

s . 75 o \ . : LI o4 \ s
Fig. 79 shows the snace-time diagram of the membrene-filter

N e e . n . -~ - -
bacterial counts from the iske of Lucerne. The figures varied between

110,000 and 1.8 million cells/ml. They are a "mirror.image" of the plankton
grouth, at the vegetational start in March, 1969, a first meximum in May,

~ nn . .
1969, &nd 2 second maximum in October, 1959. The October, 1959, incresse

PR . I . OTr ey v o = . L4 2 >

provegoted to deeper lavers, down to balow 15 m. This increzse in the
et ] 4 v d it e A et e e
netalimnion colinciced with the metalimnetic oxXy#en consumption illustrated

in Fig. 81 end Toble 27.

(<IN KN - G R P N s R N . . 0 1] . : 3
ween 1rom @ dyramrical veint of wview, the bacberial cistribution (493)

aint e sy Ay TJerery Ao 4 - -3 - 3 1 3
noints to the dewracdation of the or aunic gubstance ylelded in the tropho-

sondc layer.
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A relsbive maximum arising at the 10 m depth, in August, 19369,

was caused by an embedding of QOsgcillstoria rubescens.

Teble 23. K-finalysis vo reference parcmeter Membrane-Filter
Pacteria, Lake of ILucerne.
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For the membrene-filter bacteria (Table 23), the K-Apalysis shovs
a close relationsnip to the production paremeters, perticularly a KK of
0.85 between_primary oroduction and mewbrane-filter bacteria. At the
2.5 m depth, the KK to the prirary produetion is highest with 0.87. The
perareters PP and P, which are representative for the bilomass, correlate
also significantly with the membrane-filter becteria. Interesting is the

. .

high negetive KK, existing over the whole epilimmion, between membrane-
filver bacteria and nitrate; in the maximum trophogenic layer, at the
2.5 m depth, it is -0.G4. A direct consequence of tﬁe bacterial presence
is the oxygen consumption in the respective layer. At the 15 m depth, where
the assimilative balance is négative, thiere exists a hish negative KK of
~0.85 between merbrane-filter bacteris and ox¥Ien. K

As also in the Rotsee, a KK between plate counts and membiane-

filver buclteria may be found; hovever, it is lower.
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The distribution of the plate counts (Fig. 77), the same as the

g
distribution of the inembrane~filter counts, reflects the tvo surmer accu-
. malations of orsanic substence by phytoplankton, and a receding during the
: g aubumn circulation and the winter steznation.

The K-znalysis bebtueen olate counts (Table 24) and investigated

values, the same as in the cose of the membranc-filter bacterie, shows a

close relelionsnin bebween becterial (lora end nroduction nerameters.
Particularly remorkeble is o KK of 0.82 to the primary vroduction at 0 mn,

and of 0.73 2% the 2.9 1 denth.




o
i

T I Rae ths T

98.

Conclusions

1. The space-time distribution of the bacteria is largely in con-

formity with that of the phytoplankton, that is, the yielded organic material

brings about hicher bacterial counts at the site of its build-up.

It may be deduced therefrom that unde? natural conditions, the
material released by excretion and sutolysis is broken down immediately.
These findings are identical with those of OVEﬁBECK (h9; 50).

2. If the KK are graded, the following bacterial picture is ob-
tained in the layer of main productivity:

Bacteria - (497)
v .
ﬁrimary production

Biomass

3

Particulate-P and -N contents

5.4 Bscterial Counts end Prirery Production

An eerlier report (SCLHEGG (63)) showed date on the relationship
between primexry productioﬁ end bacterial counts for the two investigated
lakes. The curves shown hereinsfter afe intended, for one thing, as a sup-
plement end completion and, for another thing, es elucidation of the relation-
ships described with the KK.

In both lakes, for the depths that showed maximum values for the
primary production (in the Rotsee, O m, and in the ILake of Lucerne, 2.5 m),
the ﬁeMbrane¥filter bacterial counts were vplotted sezinst the biémass and
the prinary vroduction.

Fig. 78 shows the wvalues from the Rotsee. The cufves of the three

pveraneters are largely verallel. Deviations are found in July, 1959, and

in March, 1970, vhere the biomess suovws a different curve shepe.
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shows basically the same common course of the curves.

second in late swmer.
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The anslogous illustration from the Ieke of Iucerne (Fig. 79)

In accordance with
the‘plankton curve, there ere two mexime, the first one in spring, and the
The same observetion of two mexima in the bacterial
curve was made also by other authors, such as DEUFEL (11), OVERBECK (49),

(55) . ‘a. divergence between the

Also in the lake of Iucerne,

biomass curve and the two other curves mey be found in May, 1959.
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Discussion

In the leyer of mein productivity, the correlation between

primary vroduction end bscterial counts is closer then the relstion of
fi the bacterie to the aveileble biomess. This result points to the fact
that the current excretion of a vlankton pooulation has an imvdortant

substrate-forming effect. These findings are in conformity with those

=

revorted previously (SCHEGG (63)).
The fact thet the bzcterial population retcts very ravidly to

the primery-nroduction verformance in the layer of mz2in oroductivity,

points to relatively short generation times of the bacterial population.
KUZNEZOV et 21l. (37) revort on the determinetion of generation times. In
~ the demmed-up Rybinsk leke, KUZNEZOV et al. (37) found values for generation

. times of between 10 snd 110 hours. According to the author's own investi-

Cgetions {SCERGG (62)), in the lake of Lucerne, e generation time of 20 to

30 hours. rey be expected in the epilimnetic renge, while in the Rotsee,

these figures are somevhat lover, that is, between 6 and 20 hours.

: The generation times were determined according to & method vhere

the weter was exposed filtered (5 p) and unfiltered for a certein time

"in situ et loco", during which time the bacterial vopulation was observed

KUZBEZOV (35)). 1In pert, these investigations are subject to discrepances,

since for a bacterial population, the conditions in a bottle ¢hange rather

rapidly, compared to those of the natural environment. Theoretically, this

corresnonds to the step from a "momentzry flow culture" to e "batch culture".
Kevertheless, the orders of magnitude of the generation times, from some

hours to some davs, might be in eccordence with reality. This bacterial

erowth rate exceeds the growth rote of olher orxrgenisms in the lake; how-

ever, it is fsr below thot of a pure becterial culture under optimel con-

ditions.
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This shovws & very essential fect, thet is, although the biological

% processes occurring in e lake follow the known pure-culture growth curve

with lag, log, stationary, end dying ohases, bacteriological growth in

netural welers is constantly limited by various factors, and optimel growth

is never reached. In the end effect, growth processes occur, the balance (499)

of which no longer shows an exponential, but a more or less linear course.
L s The concentration of the respective limiting fector is always below that

of the half-meximum growth, which mey explain the extremely differentisted

end repid "response" of the bacterisl population to changes in the substrate.

L ‘ . 5.5 Bacterial Counts and Dearee of Trovhicity

T

THIEKEFAEN (78) used the oxygen content to characterize a body of

water. e thus introduced the results of heterotrophic breskdown of organic

substance, nemely the oxygen consumption, es criterion. t will now be

S '

"attempted to esteblish a trophicity classificetion, also in relation to
the cause of the oxygen consumption, nemely the bacterial population.
In the evilimnetic range of the trophogenic layer, the oxygen
consumption is overlapped by the autotrophic vroduction, sb that it is
difficult to show a direct relationship between oxygen consumption and
bacterial population.
Table 25 shows the total bacterial counts (determined with the

membrane-filter method, from different lakes. These are figures from

various authors, obteincd from completely different waters. Nevertheless,

5

within wide limits, it is possible to esteblish e trophicity scale.
Since nuwber and cemposition of the becterial population are the
effect of the available substrabe, it is more approvriate to use the resl

nroduction parameters for lehes thaet are not excessively loaded with:

¢
N
v
i
)
;
:




allochthonous material, to charscterize the trophicity. the présent

(e e

compilation is to be understood more as & &idifey of the total bacterial

counts to be expected in whters of different trophicity gradations.

1969 . 1970
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5,56 The "Short~Circuited Cvele" (501)

The term "short-circuited cycle" whs created. by OKLE (Mé); Tt
means the intrabiocoenotic cycle of substances involved in the ﬁfbduction
of the trophogenic layer. OILE (45) proved the relationships experimentally,
meinly by means of sedimentation measurements. lils inﬁestigaﬁions are the
starting point for & better comprehension of the substance cyéieé, barticu—
larly thosc of the epilimnion.

5.51 Qwreen

The oxysnen conditions in the epilimnion are the result of various

nrocesses: ’
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1. Exchange at the interface of water and aﬁmosphére.

2; Protosvnthetic excretion of oxygcn by phytovlenkton.

3. All ¥inds of resniration processes and chemical oxidations.

The oxvgen content reflects the balence of the multiple gas-
exchange processes. Only in very pe r»icul“r situations, they allow.to
make direct vredictions regarding processes occurring in the lake. Such
a situation agpeared in December, 1959, (Fig. 80 in the Rotsee, when due
to a circulaéion dovn to the hypolimnion, the oxygen content fell, evenlin
the uppermost water layer, to less than 1 mg/l. Soon efterwards, the lake
wvas ice-covered, vhich eliminated the diffusion between atmosvhere and
vater. Fence, the oxyszen content determined in Janvery, 1970, under the

ice, is the result of asgsimilation and respiretion vrocesses. The order

of magnitude of the usclml ation »rocesses may be calculated on the basis

1k
" of the C-meesurementes.

-This allows to estimete the respiration processes. They result

in the follc cwing values

oxygen content on 3 December, 1959 28.7 mg of Oe/m?
oxygen content on 15 January, 1970 376.7 mg of Oe/m?

. . co s s - - 2
oxysen increasc in the epilimnion (0«5 m) 348 mg of 02/m
This value constitutes the net oxysen increase.
On 15 Janvary, 1970, the vhotosynthesis performance was 172.2 mg
2 e \ s - 2
of C/m“h. This corrcsponds to e daily production of about 2400 mg of 02/m
(conversion factor to daily production according to chapter 4.331 = 8).°
iecording to STRRVAN-RIBLSON (75), the respiratory intensity is
gasumed o be cbout 107 of the oovtimael photosynthesis. OFf the about 2400 mg

of Oa/ne, about 500 mn of ouygen: (doy end nign } must be deducted as phyto-

plankton resniration. The remaining net oxygen production is 1900 mg of
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Cé/m? xfdéy}. ths dally value 1s 5.5 tlmes t}e vaiué détéfMined'by accu;-’

;mulatibﬁ,dufing the whole‘montn. There ex1sts here obvlously a very large.

oxygénf@éfiéit. This may be explalncd in two mhﬁners.-f* ,“ fﬂ -

1. by purely chemigal oxiddtion procesées; and *

2}iby baéterial¥reéniratioh_$f~£he ?ieldéd orgenic'substanCe.

'Aésunlnv tbau the Durely chemlcal ox*datlon processes constltutei
half of the ox,ben éonsumntion, therc results a valué of ebout 850'mg of
O /m X day for the oxyren utlllz@tlon 01 the bacterla. 'At_a bacterial.
population o§_9.l7'x lOl badterial célls/m ; phere~results an hogrly.
respiratory infeﬁsity of about ﬁ x‘loflé mg df-Qé/oéil and hbur;.iThis- (502)
value is in‘good coﬁfo:mify with'thét of,KUZEEZOv (36} ofﬁ6'x-lo;12 mé éf
0 /cell qnd hour. | R - | |

KUZEEZOV (30) stétes that in lakes with low humic-acid content

< the purely chemlgal_oxidatloq processes-constltute an unlmportant ver-
" centege.  On the other hend, research work carried out by BREEM (9) and
GOCKE (21) showed that a na jor porﬁion is released by purely chemical de=.

‘composition. The value of 50% of purely chemical proceohes, assumed in

this connection, might constitute the upper limit. .
From the oxygen consumption, by means of the respiration equation,
one moy also predict the substrate consumption. This results in a substrate
. ~12 o
consunption of about 7.5 x 10 mg of glucose/cell and hour,.

When searching fdr the correlations to the oxygen content in the

Rotsee (Table 20), one finds that only few varameters are directly dependent

on oxygen. A parulal circulation in Decembcr, 1/09, brournt about a change

in the oxygzen content, which had nothing to do with the production. This

DO 4.

affected tht oxygen content elso during the following months. It is ex-

(RN

pressed also by the negative KK to phomnhatc and emmoniwn which, likewise,
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Teble 2 ?o. K-Analysis to reference parameter Oxygen, Robsee.
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wed their yearly course mainly to the hydrological situation. Kence,
this falsifies a X observation over the whole year,
This example points to the limited declarative force of the

correlation observations.

In the Jake of Imcerne (Fig. 81), the epilimnetic oxygen content

-coincided in time with the periods of mein productivity. A meximum of 14 mg
of 02/lfin August, 1959, at the 10 m depth, was due to an embedding of

Oscillatoris rubescens.

£lthough a slight increase 1n the bacteriel counts was detectea
in the vertical profile, it was relatively small, It is possible that (50M4)

Oscilletoria rubescens causes a bemoorary inhibition of the bacterial growth.

.In October, 1969, there was a marked oxygen consumptgqn from the 7.5 m depth
downward; this éhange was seen also in the verticel profile of the bacteria,
in that in October, 1959, the highest values of bacterial growth were found,
qnd also high fipgures occurred down to 15 m depth. .

For the Lalke of lucerne, the E-fnelysis of oxygen (rable 27) shows

a boesically diffcrent picturce than for the Roteee., In the Lake of Lucerne,
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the oxygen ¢onteént is exclusively vroduction-dependent. However, this

relationship is not quite &s close as it might be expected; the production

pareméters correlate between 0.6 and 0.8.» This may be explained by the

fact that the ¢henges in the oXygen content dre caused by a change in the

¢oniersion rate of oxygen.

As shown in the previous observetions, the oxygen content existing

.at the time, in reality, is only the balance of a quantitatively far greater

¢onversion. In the caleculated example, an oxygen atom is converted up to
téen times deily in the "short-circuited cycle". Each change in the oxygen
contént means that the ecosystem, temporarily, performs more on the pro-

dn¢tion sidé than on theé degradation side, or vice versa. An important

objection which might be raised against these reflections is the fact thet,

despite relatively hiph bacterial counts in the hypolimnion of oligo-

b

mesdtrophic lakes, one cannot find & higher oxygen consumption. However,
this might be explained by the fact thet the bacterial population shows

in eéech layer the actiVit& and conversion rate corresvonding to the sub-
strate supply, that in deeper leyers therefore, the conversion rate of the_
becterial activity decreazses. It is thercfore possible, already from the
oxygen curve and the formation of metzlimnetic oxygen minime (for ex. Lake
of Lucerne in November, 1959, Fig. 81), to indicate the sedimentation path
which the organic, assimilable substance travels, until it is broken down.

On the same basis, the CO, velues in the water might be calculated.

2

AsiOiiﬁ (48) showed, from the hypolimnetic €O, cnrichment, and taking into

[N

congideration the sedimentation rates, it is possible to meke stetements

ebout the nroduction and ils degracdation.
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Conclusions .
: The oxygen content existing at the time being stetes little about
the processes going'on-cohstantly; particularly for the separate processes,

it is quantitatively negligible.. However, since it constitutes the balance

of these processes, it is an extremely sensitive index for ocualitative . = .

chenges in the substznce metabolism. Quentitative conversion rates can

be calculated only on the basis of biologicel-production Tigures.

5.62 Hitrogen and Phosphorus

b
Oy

ks

STADELMAKH (73, on the basis of detailed mes surements regarding
the nitrogen balence of the two investigated.lakés (taking into accoupt
the naturel supply, supply by sewege waters, supoly from the atmosphere,
consumpﬁibn ofAdissolved nitrogen compounds during stegnation, losses by

sedimentation, and on the begis of production meszsurements) errives al the

following results:

Lake of Iucerne: . 1505}
. . ) e _
Primary production : 58.7 g of h/m
. . .2
Externsl suvply #né consumption .19.9 g of I/m
Supplied by short-circuited cycle 38.3 g of K n°
Rotsee:

N . 7o - 2
Primary vroduction _ 65.9 g of N/m
. . L2
External supply and consummtion 36.9 g of N/m
. X . . 2
Supplied by short-circuited cycle 30-40 g of %/m

According to these velues, which epply to the average of the

2y

stegnation period, in both lakes ebout 507 of the nitrogen were supplied
by the "intrebiocoenvtic cyele™. , |

Low effective the "short-circuited cycle" way be in éxtreme situa-
tions, may be seen from calculations from the August, Scolember, and October,

1059, investigations in the Rotsee [Table 29).
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Table 28, Calenleticn of the "short-circult d cycle" regerding
nlurOan in the fovsce, ‘The values apply to the trephogenic layer
(0=5 m)y E = rcnerol coefficient (sccording to SEADELGEN (73)).
N stendins cror

ary nrodetion

-

o

E = : N
27 daily priu

14. Aug. 1969 11 Neprt. 1964 L Okt, 1964
wvaTiG D - ] - N
Ay m\l}.uuln xt« r ]I.\ltll\lll rer N 1,43 gjm® L19 g/m? 1,34 ghmt
12 0,22 037 0,28
Tageszunachs daly \“Q\‘\i(\h 0,31 g e Ermd 1,375/ m*
Ay mlll Ammwon-, Nitrite, Nitrate N 08N m? 0,35 gim? 0,000 m*
X .

On 10 October, 1959, more than four t;meQ the amount of available
dissolved inorgenic nitrogen was utilized as particulate nitrogen.

Celenlation of the hourly nitrogen conversion rate: By dividin
the daily increase {10 October, 1959) by the experimentelly determined
factor 8.0 {caily »reduction to hourly production), one obtains the amount

R s . _— 2 . .
of nitrogen converted ver hour. It was W7 ms of /m~. At & bacterial
12 -12

voopulation of 5,29 x 10 ce]lu/ a nitrogen conversion of 8.9 x 10 ng

cf E/bacterium end hour is obtzined.

Conclusions

During these three days of the summer stagnation, the daily I
recuirement was met practicelly completely by the "short-circuited cycle"
This wes seen alsc by the fact thet the decrease in the dissolvwed organic

. L2 . . s
nitrogen from 0.8 to 0.09 g of B/m , during the two months, corresponded
. -, et
to a daily decrease of 0.012 g of L/m . This was 2-3% of the daily re-
guirement. lience, during the summer months, when nutrients vere largely
exhausted, 90—95ﬁ of the nutrients thet served to maintein end increese
the ohytoplen©bon populetion, were regenerated from the "short-circuited
n

cvele . .

Similer valucs vere obtained Tor the Laxe of Imcernc. There,

3 H

the aveileble dissolved inargenic nitrosen was uwbtilized within 2«3 days.
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Phosphetes (506)
Based on investigations carried out in the Béy of Eorw, GACETER
(19) states that the phosphate requireﬁent of the trophogenic layer is
met, up to two thirds, by the “short-circuited cycle"
In the two investigated lakes, there was a marked phosphate con-
sumption in the swmmer, in thet for three months, the phosphate contents
were extremely low. During these months, a similar conversion rate must

be expected for vhosphiorus as calculated for nitrogen.

Table 29. Calculation of the "short-circuited cycle" regarding phoéphbrus
~in the Rotsee,

E \ug. Bew L1 Sept taee T Ok, 1960
Parthuianer husphmus 1531 g s 174 g 75 mygom®
L - N
l'“u u-f’ \md VAR AR [ [URN 1,28
<l ‘v-\. o o . - \ "
15 1;' ﬁums P Adwgad e g n® By e
\\\31 Lo EREREEIY 12 wmgan® S8 myean?

In Table 29, the phosphorus reguirement per day is calculated for
the investigation days on which the phosphate content in the Rotsee was low.
On 1% August, 1969, somewhat less then the avaiiable dissclved phosphorus
was incorporated as particulate phosphorus, while on 11 September,.1969,
five times the amount, and on 10 October, 1969, twice the emount was recuired
to form biomass. |

At en hourly increase of 8 mg of P/me, on 11 September, 1969, this
results for the bacterial populatioﬁ present of 3.52 x 1012 cells, in a
conversion rate of 2.3 x 10~12 mg of P/bacterium and hour.. Thesé conversion
rates per becterial cell are to be considered as order-of-magnitude values,

end they apply to the specific case.




Both the evailable dissolved inorgenic nitrogen and the @i%ézo_lved
phosphate are absolutely insufficient to maintain the primary production
during the summey stagnation. During these summer months, the available
amount would be utilized within less than one day. The fact that, never-
theless, there was a reletively large phytoplenkton population, can be ex-
pleined only by the high conversion rates of the "short-cireuited eycle”.

It is possible that for the two components nitrogen and phesphorus, also
allochthonous influences play a vart., However, in comparisen to the spatial
concatenztion of the "short-circuited cycle", these processes are extremely
Aslow, so that for & daily production, this allochthonous influence may be
disregarded. For the lake, they become fully effeetive only if the nutrients
of these, generally punctiform, sources are distributed homogeneously over

the leke. The belance caleculations of GECETER (19) for ph@§phgrﬁs, on the

the Bay of Lorw, result in both cases in about two thirds of the supplementary
supply of required dissolved nitrogen and phosphorus from the "short-circuited

cyele".

5.7 _ Sedimenvetion, Degredsation, and Primery Production (507)

According to celculations by STADELMARN (73; from sedimentation
measurements by BLOESCE (8), in the Lake of Lucerne only 8%, in the ﬁotsee
about 30%, of the primery production was collected in the sediment below the
trophogenic layer. These figures relate to the nitrogen components and the
trophogenic layer. By exhaustive sedimentation measurements carried out in

North~Germsn lakes, OMLE ‘48) showed that only a smell percentege of the

biomass formed in the epilimnion settles completely down to the bottom.
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It may be seen tberefrom that also from sedimentation investigations, the
existence and canacity Qf the "intrabiécoenotic cycle" ﬁay be demonstrated
experimentally. Iowever, also this Ease is only a balance observation, -
which does not take into account the emounts converted within the cycle.
As shown for oxygen, phésphorus, and nitrogen, these amounts might be
substantially higher then the amounts that appear as belence.

Another article on the phosphorus cycle, the primary production,
and sedimentation rates from the same investigation series will appear by

BLOBSCHE (8).

6. Exverimental Investigations

The relationship between becteria end phytoplenkion in the lake

-can be covered only deductively and descriptively. To investigate the

complex system of a lake, in its interections and, ebove all, their rates,

experiments with standesrdized conditions and orgenisms are required.

Fereinafter, two experimentel series will be described; in the course

of the first one, deviating from leke conditions, a pure culture of ealgae
was used beside a mixed population of eccompenying bacteria. Producer
and consumer were facing each other, distributed in the same space.

The idea underlying the second experimental éeries vas a separation
of the two orgenism groups, in such a manner that they were not in im~
ﬁediate contact with one another, while the interaction of their extra-

cellular activities remained intact.
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6.1 Fxveriment I

In association with investigationé on nutrient-uptake kinetics
carried out by KRUMMEMACLER {(35) on a non-bacteriafree culture of Micro-
cystis su. {(2lgothek ELWAG, No. 167, Ml), the algal growth, as well as
the develooment of a mixed culture of accompanying bacteria, were observed.
One requisite was thet in the present inorganic nutrient éolution, the
bactefia, in fact, had no substrate available. In order to investigate
the nutrient-uptake rate, and the growth at different nutrient concentra-
tions, verying ratios of P:N emounts (es phosphate and nitrate) were added.
It was attempted to answer the following guestions:

1. Are the accompsnying bacteris in any relation to the algal

© culture?

2. Is there a relationship between bacterial and algal growth,

and how do the two growth curves proceed?

6.11 Methods _ (508)

Everything was carried out in a sterile manner. The @iggggx§§i§
culture was inoculated into an autoclaved P-free and K-free stock'solution,
and cultivated in a 2-liter G-20 glass flask; under permanent lighting
(fluorescence tubes, light intensity 6000 lux) and aerstion. The temperature
wvas at 24°C. Into this stock solution, nitrate and phosvhate were intro-
duced at the indicated constant ratios, and replaced daily to the starting
concentration, in the sense of a semi-continuous nutrient suppiy.

The algal-~cell counts were determined in each case by counting
ffom loceosine-stained membrane filters. The preparation “took place as

for membrene filters for bacterial counts, es indicated in chepter 3.332.
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Comnared ﬁith the normal counting method of Utermdhl, this preparation

has considerable advantages, in that the membrane filters may be produced

currently, in illimited numbers, and stored until counting, and the cor-

responding prevarations are availeble even later on es proof. lNoreover,

counting on the merbrsene filter is extremely simole for uniform algal

cultures. The germ counts were determined according to the previously

nmentioned pour-nlate method (see chapter 3.331);

Z 108
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\ Fig. 82. Growth curve of Microcvstis sp. (20° cells/ml) (—),
? growth curre of bacteria (plete counts) (10° cells/ml)
(=) -

g

PR




e e

mmwmci%

116.

6.12 Results and Interoretstion K . (509)

Fig. 82 shows the meximum-growth curves. It is interesting that

maximum growth occurred at e P:N retio of 1:10., This retio lay closest

to the 1:7.2 ratio (STUM: (77)).

The cultures wvere observed up.to the 16th day after inoculation.
Initially, the bacterial culture showed a more rapid growth than the algal
cultufe. This chenged at the beginning of the log phase of the algal culture.

Fig. 83 shows the growth curves at different nitrate contents and
a constant P conﬁent of 80 Mg/l. In principle, the course of the algal-
growith éurves was alweys sbout the same in the lag ohase, up to the sixth
gay, irrespective of the P:N ratio, while in the following log phase, the

different concentrations of the nutrient medium caused gubstantial differences

-in the growth retes.

Fig. 84, right side, shows the bacterial—growtﬁ carves. Vigorous
grovth of the bacterial culture started slready in the lag phase of the
algae. Betweén the 8th and the 10th days, when the algal cultures under-
went the highest increase in cell numbers, an inhibition of the bacterial
growth occurred, which was the more marked, the lower fhe concentration of
the evailsble nitrate. With the‘flattening of the algal-growth curves,
the bactefial growth increased agein.

In.the lag phase of the algae; the nutrient composition is not
limitary of the algsl growth. Eence, the excretory processes, compared
to the algel biomass, are relatively high. This statement was found con- (510)
firmed by the fapt that the bocterial numbers increased more rapidly then
the elgel population. In the middle of the log phase of %he algal culture

(between the 8th and the 10th doys), a large'portion of the substences,
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obviously, was converted intracellunlarly; growth became optimal in relation

to the nutrient concentretion; thus, growth was limited by the nutrient

concentration. Degpite increosed alpgel numbers, excretion decreased. The
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clear slowdown until the stagnation of the bacterial growth, between the
8th and the 10th days, confirmed this interpretation. |

| At the flattening of the growth curves of Microcystis, between
the 10th and the 16th days, larger excretory amounts appeared again, which
partly were due already to autolytic processes. This substiate enrichment
caused a renewed growth of the becterial nuﬁbers.

A considerably more differentiated picture was obteined at a

. constant vhosphorus concentration of only 5 pg/l (Fig. 84). The maximum

growth curve was reached at a P:E ratio of 5:50. An increased nitrate

addition had no growth-promoting effect on the algal population, either
in the lag phase or in the log phase. The same applied to the bacteria.
At a P:N ratio of 5:50, the bacteria-inhibitory effect which appeared at

the P:k retios of 5:400 and 5:100, was lacking between the 8th and the

-_ 10th days. These growth conditions mey be called a balanced system. How=

ever, the bacterial-growth curve underwent a limitation from the 10th day
on, by the complete utilization of vhosphate {KRUMMENACEER (35)). The two
minima of the bacterial curves, up to P:NW ratios of 5:400 and 5:100, (511)

between the 8th and the 10th days, are due to the same reason.

6.13 Conclusions

l;'The findings give a cleerly positive answer to the first question,
since a diregt relationship between algél growth and becterial population
was demonstrated. Bach bacterial growth was the result of a substrate en-
richment by the algal vopulation, since no other orgenic material was avail-

eble as energy basis for heterotrophic growth. A nutrient-denendent increase

bacterial grovth. Hence, optimel nutrient conditions had a direct and
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indirect effect -on the bacterial growth. The substrate release of the
algal pppulatioh depended on its physiological condition. At equal
physiological condition, the substrate release constituted approximetely
a lihear function of the svailable biomess.

2. The bacterial population "responds" with increased growth to
an increase and production of the algel population. The "response" of

the bacterial populetion is immediate; this may be explained by the short

‘generation times of the bacteria.

3. Bacterial growth in a mixed system is basically different from

that in a defined substrete system.

6.2 Exveriment II

In the following physiological experiment in vitro, it was

attempted to verify knowledge gained in the lake. A suiteble means there-

. Tor constituted the cultivation.in common of bacterie and algae, in such

a manner that algel and bacterial cells were separated in space, while
their extracellular mutuel influencing was mzintained. In contrest to

the previous experiment, in this case, there was opersted with a bacteria-

free culture of Chlemydomonas sp. (Collection of Gottingen University) and
a mixed becterial culbure from the Rotsee. The aim of the investigation
was to answer the question:

By excretory processes, an a2lgel culture releases organic com=-
pounds into the enviromment. How much time does a C atom, incorporated

in the alga, need until it avpears in becteria-enrichment cultures that

proceed parcsllel?




1B

As may be seen from Figs. 85 and 85, there was operéted with o

_'"Spinner" flask from the firm of Beldot, &g double=culture jar. AFEEY

sterile inoculation, the Chlamydomonas culture was grown f£o¥ three days,

et vermanent lighting, during vhich time it was shaken £o¥ Y0 minuteés/hour

on an agitator. The light intensity was about 2000 Iux, #id theé tempera-
ture in the thermostat-controlled yoonm 20-21°C. On ﬁhé third déy; 20 F
CRathCO3 in sterile solution was added to the cultures, and thé cultures
were alloved to grow for another three days under the previously described
conditions. As nutrient solution, the modified 78-soiution of Zehnder
(according to STAUB (74) was used. On the sixth day, the aigal dulture
was filtered off by means of a sterile filtration instrumént, aid révashéd
twice with sterile Z8-solution (sterile=~filtration instrument, Mémbran<
filtergesellschaft, Gottingen SM 165 C).

The bacterial suspension was obtained as follows: Water Prom
the 1 m depth of the Rotsee was plated on tryptone-gliicose éxtract agar

(Difco). After an incubation time of five days, 30 ¢olonies were in=

oculated into a tryptone-glucose extract liquid. The suspénsion was

" separated in each case by centrifuging(for 10 minutes at 2000 r:p:m.);

the bacterizl sediment vas rewashed %ith sterile Z~solution; taken up in
Z-solution, and a culture chamber of the "Spinner" flask was inoculated
therewith.. Into the other culture chawber of the "Spinnér" flask, the

vashed Chlamydomonas culture was introduced. As separating merbrane, &

purely inorganic "Selas-Silver" membrane filter of O.h5l& pore width was
usecd. : : .

The cell count of Chlamydomonas was determined in the Utefﬁ&hi

(512)

(513)
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inverted microscope, the bacterial counts on tryptone-glucose extract

agar, at dilutions of ZLO"5 to 10—8. In each case, three parallel platings

were carried out.

Measurement of the ruleaCtl”e samples on membrane filters as

-

indiceted in chapter 3.3.

.
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Fig. 85. Test arrengement Exveriment II. (512)
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left side: algel culture, exposed from helow.
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6.22 Results ané Internretations

Each day, the cultures were examined microscopically, the algal

- culture for contemination by bacteria, the bacterial culture for algal

cells. Mo infection%were ever found. Moreover, samples from the algal
culture were plated on the same glucose-agar as the bacterié. Also in
these controlé, no bacteria were found.

Test I (Fig. 87) was carried out for 20 days. The curves show
the following_dynamics:

In this Test I, the algee were washed after the merking, and were
further grown for one week in unmerked Z-solution; after one week, they
were inoculated. In the first three days, the algal éell number doubled,

and between the 5th and the 10th days, there was "exponentisl" growth.

_ After & stetionary phase of four days, 'and a total of 1% days, the popu-

_lation started dying, with a substantial decrease in the cell counts, that

is,:strong autolysis processes set in. It was not possible to explain the
reason for this collapée.of the population. Since no new culture solution
vas ever added, it is possible that thg dying was due to the complete con-
sumption of a micromutrient.

By following the algal marking during this period of time, a
relatively vigorous excretion was determined,.up to the third dey, although
the cell number rose. This.had an effect on the bacterial population, in
that the bécteria increased with respect to both cell number and th~marking.
Subsecuently, between the 5th and the 9th days, the algal marking remained
almost constant, while the algal cells grew "logarithmically". It may be
concluded thereof thot in this growth phase of the almal bopulation, the

excretory processes vere 1low, an observation which corresponds to that of
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Experiment I. The "responsce" of the bacterial populatioﬁ was a decrease
in the cell number by the exhaustion of.the substrate, and a stagnating
merking. With the transition of the élgal'population to the stationary
phase, the bacterial nopulation started increasing, and this increase was
varbicularly marked at the start of the autolysis processes of the Algae.
Parallel to the increase in the bacterial cell number proceeded the markxing
in the bacterial culture. This mey be considered as proof that the bacteria
obtainéd their substrate for the higher growth rate from the autolysis
production.

In order to exvnlain more accurately the interesting phase between
the first and the third days, during which the bacterial growth was dué

exclusively to excretory processes, a second short-term test was carried

out. The algal cells, after the washing-out of the thubicarbonate~ (515)
conteining solution, were inoculated directly into the culture jar. Fig.88
shows that the excrgtory processes set in very repidly. Particularly the
algal culture, during the first two hours, relessed a good deal of its

marked C atoms into the environment. It is possible that this release

was the effect of the preparation, which also explains the feincofporation

in the algee (after 4 hours). Seen absolutely, within the first 10 hours,

30 cps/ml of algal suspension were excreted. During this interval, a sub=-
stantial increzse occurred also in the bacterisl population, with respect

to both the uptaize of marked organic material and the cell number. After

the 12th hour, the system begen to stabilize; the algal excretion diminished,
and so did the essimilotive rate of the bacterial porulation. It was seen
thet the number of bacteria, that is, their growth rate, reacted very
sensitively and rovnidly to the changes in the 2lgal population. In this

sense also.the decrease in the bacterisl counts, around the 20th hour, wes

to be understood. After the 25th hour, the effect of photosymthesis wes
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Fig. 87. Growth curves and marking (th ) of the algal and bacterial cultures
("Spinner"~flask experiment).
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Fig. 88. Growth curves and marking (th) of the algal and . (51%)
bacterial cultures ("Spinner"-flask experiment).

eliminated by‘the darkening of the algel culture jér. Unto the 80th hour
of the test, the algal cells decreased slightly, dug to the inﬁerrupted
supply of orgenic material, that is, the propagative rate of the algae
was throttled. Simultaneously, there was an increased release of marked
materiel into‘the medium, due to autolysis and excretion by the algal po-
pulation. This produced a corresponding increase in the bacterial population,

with regard to both incorporation and cell number.

6.23 Conclusions

1. The Chlamvdomonas cells excrete constantly. The excretion

depends on the physiological condition of the cells.

2. The assimilative rate for excreted material by a bacterial (516)

population is extremely high.

N
-

3. The mutual effect of different organisms brings sbout a behavior
of the individual organisms which is completely different from that of pure-
culture conditions. In the balance, seen over @ rather long period of time,

these processes occur in the linear range.
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Wmhe r1z1n“ Dlxcu351on

The Tro %orenrc Lﬁ"er

5 . —eking into eons1derctlon the high degye@e@ive:iptensity.of the

j ixnbhogenlc layer, one MLSt des from the strlct d1v1310n of . lake into

tronhogenlc and trODhOlJth laver s Flb. 89 sh0ws,_the tronholytlc

Dprocesses extend over the whole profile. If these _Drocesses are balanced

aga ainst one another,.»he orgunlc substﬂnce bro cen down in the trophogenlc

:;axer,:;nsperms gf:maggitude, nay be assumed to be about oO (see page 111).

- On the further sedimentation path, another 20 3 » is mlnerallzed and the
= ;emalnlng 5"10p 1s 1ncornorated 1nto the permanent sedlmept.

Tropholytic processes
-2 1Trcpliol/li§che \organge. L L.

X i lanz _ . . Geschwnd giaten
"\ " TTephogEeR 1; baf_ano e rates
- ShentJaye : I
——— Stunden
N g g“(lj' ca 60°% s Tage
350 - hours to days
*>2w L L
E Ln Tage )
8 Q @ 20-30% ts Monate |
=8 days to months
S LA Tl TLLr L |
g | & _
R / <1 5-10% Monate ‘
: -\—- Dagersedunent / o months
... Trperm.sedim. e e s e
é Fig. 89. "Kodel" of a lake regarding tropholysis.

~ o= The shaded arés shows the trotholytlc vrocesses
dn. relatlve volues, in the vertlcal proflle.

However, for comnrehens1on, it is 1wnortent to evaluate both the

- - [ - -l —- ~

balance and .the rates of these processes. In Lhe tronhogenlc Jaycr, in

(see page 110;, wvhile below the compensation point, ‘they are cons1acrablv s
!

slower. Whls 1s confirmed by the fact that in the metslnmnlon, the oxygen E

. consurmtlon ‘never reachon the ‘relucs calc 1latco for thc tronho renic laver

(the metalimnetic oxygen consumption, during the summer stugnntion, vas in

e s e e AR PAR
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the order of meanitude of &« Ffew mz/1l}. The incorporetion into the per-

manent sediment ulso reguiires considerzble time {Oi LE ‘48Y).

As measurenments from the polytrovhic Rotsee showed, it is also

possible for the hypolimnion to become one trophogenic layer. In the

%

& Rotsee, during the whole year, the aveilable particulete nitrogen showed
| &

higher vaelues in the hypolimnion than in the evilimnion (rig. 75). As

; Eﬁ _ special investigations (5.25) showed, @ large portion of this particulate
nitrogen occurred as bacterial biomass. Moreover, this finding is con- A (517)
firmed by the measurement of the lb'CO2 upteke per me, below the tropho-

genic layer. The average th—fixation by various cerboxylating mechanisms
(BACEOFEK {7), SCELEGEL (56), SOROKIN (72)) resulted in a value of 600 mg

of C/m2 per dsy, wnich corresponds to a yearly production of 220 g of C/m2.

. The chemosynthetic and heterotrophic C-fixation which proceeds side by side

with these processes, exceeds this velue by a multiple. According to

KUZEEZOV (37), this direct CO,-fixation, on an average, is only ebout 6%

of the total build-up of heterotrophic biomass. This general wvalue cannot

L RT
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be applied straipght away to the present conditions. Lowever, even at
cautious assessment, the total production in the hypolimnion (lhc-measure-
ment 220 g of C/m? per year, should exceed considerably that of the tropho-
] . . 2 . . - PR — \
% genic leyer (381 g of cass/m end 182 deys, according to STADELMANN (73)).

For practical water protection, this results in the following

o L PN PIE TR TR | s A T & g R

conclusion:
A lake may be considered as irreversibly damaged if the hypo-

limnion becomes one "trovhosenic laver'. Its restoration would then be

conceiveble only if, epart from the known rigorous stoppege of the alloch-
thonous supvly, ¢lso the productivity of the hypolimnetic "trophogenic
larer" could be restricted, for instance by massive leading-off of the

woter from decever layers.
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n the "Short-Circuited Cxcle"

On the bas

is of the quantitative-qualitative relations this in-

vestigation provided, a revision of the csusative interrelationships in

the "short-circuited cycle"

is suggested.

The dis

this causative interrelationship as follows:

allochthonova

longsorn >lo Jty

TR \m hmt Th r\mu\\
NAEHASTCFFALREICHERUNG | raSC 43 PRODUKTION
T ashae eirte C0) usv hese., (Fhiytoptankion)
autechihonsu s Exkretion ! .ukl se
rasch paypidly . . sofort jawd-t + rasch ¢l
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BAKTERIELLE MINERALISATION sgfgﬂ SJBSTRA..\N‘(EICHENJNQ |
- o seany
Getmery. ot ‘Ov\u.“blL@vhc‘

ram ‘Fig. 90} illustrates

| langsam sloxiy j

§ .
allochthonoy s Secimentaton
"Model" of causative ‘interrelationshiv in the
"short-circuited cycle"

Pig. 90,

&)

The autotrovhic phytoplank

o

ton builds up a determined biomass.
This primary production, except for fectors, such as temperature, depends

mainly on the nutrient supply. VOLLEEWEIDER (80), in the - OECD Report on

the eutrophication problem, writes the following: "It must be stated

erphatically that the key to the eutrophication problem does not lie in

the nutrient concentration, but in the nutrient supply”)
GACETER (19) showed experimentally for vhosphorus, as a nutrient, (518)
that the constant addition of smell amounts of phosphate releases a higher

production than a single addition of a larger amo&nt of phosplate.

As in a commercial investigation, the business situation cannot be

-

xpressed merely by a balance sheet; rather, a orofit and loss account must

also be established, which is far more informotive for the respective period
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of time; likewise, when considering the effect of nutrients, the conversion
rates, and the availability of these nutrients are of extreme importance.
Phytoplanston, essentially, builds up the organic carbon in a body
af water. A certein part thereof is awvailable to bacterial heterotrophic
assimilstion, either by autolysis or excretion.
According to OnLE (verbal communication), the degradation of

orgenic cell components mey take place also in a purely chemical manner.

Thus, it is possible that even more difficultly attackable compounds are

made available to bacteria.

The capebility of the bacterial population depends on the substrate
supply (izOBBIE and WRIGHT (28)). In Fig. 90, the substrate supply for
bacteria is designated as "avzilable carbon". This available carbon may
be either of allochthonous origin or formed by phytoplankton production.

From the available orgenic carbon compounds, the bacterial population re-

leases nutrients by mineralization. These nutrients are again available

to the phytoplaniton for its productiqn. This occurs so repidly that during
the summer monﬁhs, it is hardly possible to detect the phosphates analytically,-
while the phytoplankton population showed relatively high values with ‘
respect to both biomzss and production. It was'not possible to explain
this exclusively by the influence of the allochthonous nubrient supply,
since precisely during the stable summer stratificatién, the homogeneous
distribution(of allochtbonoué, generall& punctiform inflows requireé very
much time, and probably doeé not teke place before the following turnover.

In principle, the described relations are known. Howéver, it is
essentizl in this cycle to evaluate its rates and the aveilability of the
components, thet is, 2gein in commercial terms, to produce proof of ligquidity.
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tatively, will be difficult to detect, the statements on a CO
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The process of nutrient ¢ddition by vllcchthonous supnly ma. be
éelled slow. The zutochthonous suoply of nutrients originstes from
mineralization, pdssib 7 &lso from the actirity of free enzymes, as
REICﬁHARDT et «l. (58} skowed for the particular case of phosphatase.

As the present research work shows, this process, in space, is in closest
association with the zone in which the phytoplankton is built up. Kubrients
that are mobilized in this menner, are faf more rapidly available than
those from allochthonous supply.

Through bacterial mineralizstion, both nutrients and 002 are
released repidly. It is possible that in microstratifications of phyto-
planxton populations,‘at high photosynthesis, C02 acts as a limiting factor
(KUEETZEL (38, 39)). If the population depended only on diffusion pro-

cesses, the supply of CO, from the atmosvhere, etc., then these 002 minima

2
would have to be very much higher in the immediate celi surroundings. (519)
5 is released, and is immediately available
to phytoplankton. According to various experimental investigations, these
reflections would apvear to be rather obvious (LANGE {40)). Another in-
dication is the washing effect described by OELE (L47).

Lowever, since these processes ere microexchanges which, quanti-
5 limifary
effect in 2 body of water, for the time being, must be interpreted with
some reservation,

The described causative relations apply to a2ll involved in the
substance cycle, particularly to the respective limitary factor.

In various lakes, vhosphorus plays this part (VOLLEHWEIDER (80))..

A vhosphorus lozd in a lake results in the qualitative relations shown in

Figs. 91 and 92. An e)lochthonous vhosphate influx causes a higher production
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‘the conversion rate in the
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and, thus, an increase in the available carbon. However, this increases
“short-circuited cycle”, and the level of the
whole cycle is increcsed in the sense of a compound~interest calculation

(Fig. 91). Thus, the phosphate addition acts as initial factor and

"cetelyst" for a much higher increase in the production.
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Figs. 91/92. "lodel" of the mode of action of a phosphate load
in the trophogenic layer.

Fig. 92 shows a hypothetical curve of the conversion rate in the
"short-circuited cycle", against the assimileble carbon. Under natural
conditiohs, this curve might proceed approximately linearly, since a mixed
becterial culture provides an approximately linear "respoﬂse function" to
a determined substrate supply (see vage 118). Due to the "polyvalent"
bacterial population, the conversion rate responds very rapidly to‘a change
in the assimilable carbon, even though this latter may vary quaslitatively.

In princinle, the reflections made for phosphate apply to any
growth-limiting factor, if it is involved in the bacterial metabolism.

Lowever, the increase in the level of available carbon may take-
plaée also directly by an addition of assimilable carbon compounds; in
this manner, the production may be substantially increased, without an

increase in the limiting factor.
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For practical water protectiqn, it results from the described

SUADMARY
R R PR IO

1. Physical, chemical and biological a-puo.ts of & one-vear eyvele (19649-70) in the high eutrophic
Rotsee and the mesotrophic Lidkie of Lucevae (Horwer Bav) in Switzerland were examined. Atten-
tion was focuscd on the quantitative and, ta a more himited extent, gqualitative determination of
the bacterial flera anel its ecologicul intluence. (521/2)
: 2. More than thinty individual compottents were deterniined in :‘ach sample (seep, 528),
Mathematical dincar correlation coellicivntsi and ceologial vorvelations were sought during the
course of the year and at various dephts, Two computer progrims, adapted o linnolpgical data,
were dev ulu(u o this end (see appendixg,
A series of cansative relations could be determined na hematically thanis to this program,
. Qtisimportant to note that with regard to the biomass ie the Rotsee (Table 149 the following pa-
© rameters i the lake appear to be the most meaningfu, causative coneatination, ceologically
speaking, in this order of correlations: bivmass — single plankton form {predominant) - P and N |
particular content - bacteria populatinn.
3. A detatled exanination was made of the phytoplaalaon population in the Rotsee. Very high

; values (fresh weght) of over duwmg/l were nutml in April 1969 and Januaiy 1970 (320 picture 37).
| The prevailing algal group was the eryptomanades, with peaks in the vesewton developient in

the winter months {see picture 33).
4. The maxinmun primary praduetion values (BC-technique) for the Lake of Lucerne in the
summer lay arpund 60 mg Cym®* h and for the Rotsee in the winter aronngd 230 g Cnith. Coneen-
trated, overlapping L'xp(‘rili‘.»‘nts‘ were carriad ont in sitn to study the dedly rhythm of primary
production. It wos fomud! Ly the total of the miany short experiments con\,spundul ‘to the
resulls of a full-day experimeit (see pictures 43 and 433,
3. Most of the bacteria found in o water ].uh_ appear in a suspended state. lhe\' consit mainly
. of small starved forms called “zvimpgunic germs’s The qualitative characteristics of the substrate
“concentration and the trophic sitnation can bir deduc i from morpittary. “Aufwuchs' colonies
" and zoogloae were also noted. Vi jolluwing ;. citically hypolhnnic fo: ms were found in ihe Rot-
see: Thiopedia rosea (pivture Oy, Lamprocy.dis roseopeisicing (picture (’n) Chromatinrt dense-
gramdaiym {picture 671, Leiothny sp. (pictire 70},
w- - . - 6. Migh bacrerial couuts were deternaned it the levels with maximam primary production
(pictures 47 aud 73}, In the Rotsee the cpilimme bacterial count (membrane-Filter count) was .
! 5105 to 4.4 + 105 germsfml, in the Lake of Lucerne 105 to 1.7 + 108 gerins/nl, -
; . 7. An ascending series of bacterial counts (MF) can be mude with regard to the trophic level
; 2 . (Table 23). RBut since the bacteria population depends direetly on the substrate supply, it seems
* - to be more meaningful to ase production pavameters Sor trophic characterization.

8. Tabulations of special situatinas (for example, ahinost complete nutrient reduction) were
used as a basis to estimate turnover capacity in the intrablocenotic eyvele. It was shown that indivi-
dual nutrients vevealted 4 to 3 intrabiocenotic cyveles per day (Tables 28 and 29).

9. Making « distinctinn Letween a trophoys i and tropholytic layer is senscless bccause in- | '

. tense troplinlvtic processes aceur in the trnphoyenic layer (L‘l"tlll‘l} 8Yj.

A

i

; IO The hypolimnion as well can become one 'truphouuuc layer' if photoaﬁl‘otrophlc bactéria are
i e .. predominant as in the Rotsce (see pictures 63 and 72). '
g8 ' .7 . 10. In order to clarify the mutaal influence ot phytoplankton and bacteria on each otht.r t\\'

3 \3\‘;3 "7+ test series were carried out in vitro, A mised culture of both organism groups on the one hand and

separate cultures, on the other hand, were sct up. In the latter case both cultures were separated
by means of a membrane filter; however, extracellular influencing remained intact (pictures 85

and 80).
The following observations were made: . .
a) A nulrient-induced increase in algal growth brought leoul a substr ite- u\ducc.d increase in
- bacterial growth (picture §3). o

b) The bacteria population responiled very rapitly to the physiological behavigr of the 'ngac
(picture 88).

¢) Bacterinl grow th in a mixed systen is basically ditferent fram that in a delined substrate system.
11. The follow iy conclusions could he drawn on the basis of a synthesis af the results and their

evaluation throught data processing (picture 90):




r a) I’rmmry pmrluctmn is not the “direct result of a concentration at a partlcul.lr time but of the

iU turnover volume and velocity of the ‘Hmiting factor’. . . (522)
) : t by The turnover velocity in an intrabiocenaotic eyele depeuds on the performance capacity of
3 . . the bacterial population, which, in turn, depends on the available quantity of substrate that

- can bie assimilated. .

i ¢} Besides having a bearmg on the turnover velocity v an intrabiocenotic ¢y Llu an increase
' of assihiilable carbon fn the trophic taver leads to more ctfcctive utilization of nutrients and
greater prodnction (catalytic cetfect).

. - 12, For practical water pollution controt it can he concluded, on the basis of the causative
i relations mentioned, that not anly the praduction limiting tactors but also the .unuum of assi-
* milable carbun for mixed bacterial pupul.\twn ts of ptvatal mportance,

ST T 0 RESUME T 0o o
“1. Un cycle d’un an (1969 & 1970) du Rotsee, un lac trés eutrophe, et du lac des Quatre-Can- - ' (520)

tons (la baig de Horw), qui est mésotrophic, a ¢té examiné du point de vue physique, chimique et

biologique, L'accent a 6té mis sur la détérmination quantitative ct - de Lu;on plus restreinte - qua-

- ltative de la flore bactéricnne et son influence écologique.

: 2. Plus de 30 constituants séparés ont ¢teé déterminds dans chaque échantillon. Des relations

< mathématiques (coefficient de correlation lindaire) et écologiques dans les diverses profondeurs ont

- 6té examindes au cours de I'année. Deux programmes d'ordinateur -ulaptcs ala l:mnnlogw ont été
mis au point A cette elfet (voir 'appendice).

Grace & ce programme, une série de relations causales a pu étre calculc’c mathématiquement,
Quant a la biomasse du Rotsee (tableau t4), il est important de constater que les parametres sui-
vants sc sont révélds comme étant Fenchainement deolugique la plus ¢vident dans Ia série des corré-
lations: biomasse - forme spéc 1f1quc (dominante) du plancton - tenenren P et en N ~ popuhmon
-en bactéries.

3. L.a population du phytoplanction dn Rotsee a été minuticusement examinée, Les \aluur%

© 1rds dlevées (basdes sur le poids de Ia matiére fraiche) de plus de 30 mg/t ont 06 prélevdes en avril
1969 ct enjanvier 1970 (voir fig. 37). Lescryptomanadesont étd prd(l(mlinants, montrant tes poussces
de croissance en hiver (voir fig. 33).

4. Des expériences intensives et se recoupant ont ¢té effectuces in Sltll. afin d'é¢tudicr e ryth-
me quotidien de Ly production primaire. Le résultat de la somme des diverses expériences de courte
durde est en accord avec ceux d’une expérience d'une journde entiére (voir fig. 43 el 45). En été
les valeurs maximales de Ia production primaire dans le tac des Quatre-Cantons se situaicnt antour
de 60 mg Cfméd I, adans le Ratsee en hiver & environ 230 mg ¢/ b,

5. La pluparl des bactéries-dans 'cau sunt en suspension, lles se trouvent sous [orme rachi-
tique appelée «bactérie zyvmogénes», Les caractéristiques qualitatives de la concentration du
substrat ct de Pétat tropbique peavent étre déduit de Ta morplinlogie, Des colonies de « Aufwuchsa
(tnicroorganismes qui poussent sur e substrat solide) et des zoogloca ont également ¢té observdes,

Les formes suivantes, caractéristiques du hypolimnion, ant ¢td tronvees dans le Ratsee: Thio-
pedia rosea (fig. 63), Lamprocystis roxeopessicina {fig. (n), Chromatium densegramdaninn (fig, 67),
Leptathriv sp. (fig. 70),

6. Une densitdé de bactéries trés dlevée a étd relevde dans les coaches de production primaire

- maximale (lig. 47 et 73). Le camptage de bactéries dans Pdpilimnion du Rotsee et du Lie des Quatre-
51058 4,4+ 1us bactéries/ml et 1084 1,7 - 108 bactéries/mi res-

" Cantons (fittre millipore) donnait de 5 -
pectivement.

7. Une séric ascendante de comptes de bactéries (filtre millipore) pent &tre mise au point pour
- o caleuler le degrd d'entrophisation (tableau 23). Muis conune la popualation des bactécies dépend

directement de ta dispouibilité de subistrat il est évident que tes paramdtres de pmductwn saient
utilisés pour caactériser I'état trophique.
8. Des bilans de situations particulicres (p. ex. disparition quasi-totale de la mutitre nutritive)
" o ontservi de buse de calent pour évaluer la vitesse de renuuvellement dans un eycle intrabiocednoti-
: ques par jour (tableanx 28 et 29). L
. 9. I est inutile de vouloir faire une distinetion entre une couche trophogéne ct une tropholy-
1. tigque, ear des prucessns tmphul\thuvs intenses de déroutent awssi dans Ia courhe trophogeéne
D (fig. s, -
S Ainsi V! !l\uplmuuuu peut cdevenir e couche truphogeéne homogéne si, comme dans le Rot-
see, Jes liactéries photoautotrophes prédominent (voir fig. 63 ¢t 72).
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"7710. Pour étudicr les influences réciprogues des phytoplanctons et des bactéries deux séries

d’expdricnces ont ¢té ellectudes in vitre, D'une part une culture mixte des deux groupes d'organis-

mes, d'autre pact des cultures sépardées ont €16 prépardes. Dans fe second cas les cultures ont ¢té

- sépardes par un filtre millipore; les iteractions extracellulaires'Sout cepandant restées intactes
(fig. 85 ct 86), : . . o S ‘(520\
Les observations suivantes ont étd faites: . . . T - ’

a) Une augmentation de ky croissance d'algues, influencée par la matiére nutritive, a produit une

augmentation deépendante du substrat et du taux croissanee des bactdries (fig. 83).
b}  Les bactérics ont réagi trés rapidement au comportement physiologique des algues (fig. 88).

i

! ¢} L'accroissument des bictdries dans un systeme nuste est fondamentalenunt ditidrent de celui
" d'un systéme de substrat défini, .
: * 11, Les conelusions suivantes ont pu étre tirdes grace i I synthése des résultats ot leur traite- | -

ment par ordinateur (fig. 90): .

. &) La production primaire n’cst pas b: résultat direct de la concentration du facteurlimitant A un
: moment donnd, mais bien de <on vulume et du taux de son renouvellement., . _
*b) La vitesse de renouvellement dans un erele intrahivednotique dépend du rendement de la popu- ; . (521)

lation des baciéries qui, de son cotd, dépend? 11 disponibilitd en snbstrag assimilable.
¢} A part son intluence sur Ia vitesse de reno., sientent daus uneyele intrabiveéuotique, une aug-
mentation du carbone assimilable dans L.+ ache trog higue peut mener & ane ntilisation plus
elficace de la matiére nutritive, ¢t & e i us poussée (offet de catalyse),
12, Dans le but de protdaer les canx 1o sk dddudre s relations e causahté mentionnées
plus haut, que non seulenient les tacteurs {11t I prochiemion, mais aussi Ia quontité de carbone
assimilable par la population bactérivnn. it sont dune importance primordiale, :
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APPENDIX IR

Dimension of input data
Dimension der eingegebenen Daten

© . TEMP

KAPPA
MF
PLAT
SAUER
PRH
PR D
GELOP
GELON

. PN
- PP

PH.
+h: 8BV
NITRA

.7 NITRI

AMMON
PHAT
GES P
GEL FE
P ¥E
s1 do
GES &
VG .
RG .
BG
BIOM
CYANO
CLORO

KOX]JU
CRYSO
DIATO
CRYP'T

X
KK

Temperature

Leitfahigkeit conductivity
Membranfilterbaktericn
Plattenzahlen plate counts
Sauerstoff OXygen
Primirproduktion Hell clear
Primérproduktion Dunkel dark
Gelsster organischer 'husphor
Geloster organi?‘t,%ﬁr Jhu:f:fg"d[f -;P,
Partikulirer Stxc%ﬁc‘?&f%é%{, .fi
Partikuliirer Phosphor Pal‘t P
pH-Wert pH value

Alkalinitit alkalinity

Nitrate

Nitrite, b

Ammonium

Phosphatd

Gesamtphosphor total P
Gelostes Eisen dilss. Fe
Partikuliires Eisenpart . Fe
Sitikate

Gestenergic tot .energy
Grinlicht (333 nm) green light
Rotlicht red light
Blaulicht (423 nm) blue 1ight
Biomasse, Phytoplankton

Biomasse ('_\'annphyc'c;\c

Biomasse Chlorophyceae

Biomasse

Riomasse Chrysophyceae

Biomasse iatomeae

Biowmasse Cryptophyceac

Korrelation

Korrelationskoeffizient

Grad Celsius °C
Mikrosicmens/cin .
Tausend Zellenjmt 1000 cells /Iﬂl
Zellenfinl  cells/ml

mg/l . .

mg Cass/m3h

mg Cass/mPh

pg Pl

pg N/1 \

pg N/

pg Pl

mvaljl . o
g NO, -N[! SR -
pg NO, -N/1 D
we Ny -N/1
ug 'Oy -
ug Pl

pg Fell

pg Yell

pg SiOf
Prozent der Oberfliichenintensitit (= 1009%,

Prozent der Oberfliichenintensitiit ('=- 10093) % _Of

Prozent der Obertichenintensitiit (= 100%) surface
Prozent der Oberfliichenintensitdt (= 100%) intensity

pejmi
pg/ml
-ug/mt
pefint
pgimi
gl

pg/ml ; T T .: . I
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