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(427)

An or. ., nisr,: iai_1l grmT in ahabitat if this latter meets its needs,

that is, if a^.ltili::able e:ie-r_7y source and nutrients are available.

Only man risre;^,arde this lai.'. r-e has a fast increasing potential

of energy w.hich lie may apply anyahere, and according to his needs.

The nonhuma.n iaorld of living beings does not have this potential

and., due to its passivity, it is affected by any ch-anges occurring in the

energy flot,.,. In order to reverse chan ;es that have occurrec: involuntarily

or careles^.'lJr, the ecos^,-ster^. must be ana]yzed. A nrerec:uisite for directed

action is the r"nuv.'].edqe of the au^alâ.ti^-tl-•re end é;uc_ntit&ti^re interactions.

Kowever, this kno;,rled ;e cannot be obtained only from practical restorative

measures; rather, a conIprehensive ecolc^Y;ic,^:l-p2.ysiologiccl end experimentally

oriented research must be cërriec. out beforE:lic^.nd. Only in this manner, it

is -possible to find, and establish, sta.ndard.s.

Where there is a utilizable source of energy, the enex-L-f flow

starts, th-us determining the Y•.hole substance ,netebolism. Part of this

' ' ^e^ier^y flow passes tl:roa^^^ or;<,^:nisms; this energy portion which is fixed

and converted in or:?;[.nisms nn--.5r, as 0,11E (46) su:^;^;estec., be called the bio-

a.ct_ivity of the i•;aters. In this cora.pl.ex systerr:, there are manifold inter-

actions, taith living or^;e.nis:7s end the environment fecin; one another.

The e,rzluation of these interrelationships will be corroborated

by a lar:-;e number of different pa.rar,.eters t•,l.ic.h v.i].l be inc:l.uuled in this

7 nvPst7.;;,` tion.

The in6^_'.1C1?, to t)roviC?.e a contribution to the

^;I::)wlr:.C,•`e of LIIc:'.e 1*aC°r`cCliJ.oI1> ^;116, to ;1)()w the causative

ii^'Le7.'ct--)I111C'c).i:)I?s bCet^^'C^(:n "pïoi:ilctiC)Il -,,1d dei.:rC:C:c^.t1.Qn. To exLeY)t,

it takF: into f3CCOUnt the for C' 10,114.tiT'.].icit y or es, U •bl7.::11E'Cl UI' Z'E:fY:Cf ( 1 S.
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'The set nim uas pursued from two different viewpoints, that is: 

firstly, from the ecolo ,_-1- icel viewpoint, by investigating  the natural bio-

tope to determine, in two lakes of different trophicity derees, particularly 

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

surroundin water, End 

secondly, from the experimental viewpoint, by answering questions about 

the relationships between bacteria and phytoplenkton, which it was possible 

to investigate only under stendardized conditions. 

2. Investiriated Lakes 

Table 1. Ororaphy 

iengtn wId n t 	surfPce 	kbAle.citIM 
tireite 	Illeffe 	Max. Tiefe Mutt. "f ide see lake 

] 

(428) 

Rotsee 	 2,4 lcm 	0,4 km 	0,48 kin 2  16 m 

Vierwaldstiittersee, Lak.e, . Lucerne 1,5 km 	1 km 	1-, 69km 2  72 m 
Seeteil Homer 13ticht  Be y  of Hon,7 

Table 2. Lake types 

Lake 	Condition 	Sewage load 	Literature 
of waters 

Rotsee 	strongly 	before 1933, sewage 	DÜGGELI (14) 
eutrophie 	from part of Lucerne 	STABELMANN (73) 

discharged non-purified; 
since 1933, purified 
mechanically; since the 
middle of 1939, there 
is no more load. 

Bay of horw mesotruchic about 9000 inhabitants, P.MBUHL (4) 
(Lake of 	 sewage dischar7,ed 	GXCI1TER (19) 
Lucerne) 	 non-purified 

The !:;raph of Fig. 1 shows the r,eograpLical location of the two 

[I] 

lakes. 
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Fi. l. Geographical location of measuring sites (= M) 

3. Methods 

During  the years 199/70, the two lakes were investigated once a 

month', at the following depths: 

Table  3.  InvestiF;ation dates and depths. . 	 _ 	. 
1:4ffiUMUM.Mi b  

Rotsee 

Vierwa1dst5tterst42 
• Lake of Lucerne 

1969: 20. 3., 17. 4., 22. 5., 
10. 6., 10. 7., 14. 8., 
11. 9., 10. 10., 6. 11., 
3. 12. 

1970: 15. 1., 18, 2., 23. 3. 

1969: 23. 1., 19. 2., 18. 3., 
' 	17. 4., 20. 5., 17. 6., 

8. 7., 6. 8., 9. 9., 
7. 10., 4. 11., 2. 12. 

1070: 6. 1., 24. 2.  

0, 1, 2,5, 5, 7,3 mill 14 m 

0, 2,5, 5, 7,5, 10, 12,5, 15, 25, 
45, 60 m 

Hereinafter, the above investigation dates will be shortened, 	(429) 

to show the month only. The indications regarding the 0 m depth relate 

to measurements at 0.2-0.3 m below the surface. 

For the Lake of Lucerne, this article uses mainly; the values of 

the 0 to 15 m layer (trophogenic layer). 

The mea surin; sites (M) may be seen from Fig. 1; the one in the 
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Rotsee lies in the middle of the track, the one in the Bay of Horw about 

in the middle of the bay. This latter was determined with a penta prism, 

from the shore, by means of auxiliary points. 

The samples for chemical analysis were lifted with a Friedinger 

bottle. Bacteriolou,ical samples and water for production measurement were 

collected with a sterile samplin,7, bottle acordin.1-  to SGREGG (64). 

The formation of a team of investigators pursuing the same in-

vestiational obi;ect, although with different aims, made it possible to 

limit the manual effort, while a  maximum of information was mined. With 

the use of a simple correlation plan method (CPM), such teamwork may be 

further rationalized. 

3.1 Physical Determination Methods 

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

oxytester. 

2. Conductivity: The conductivity was measured with the same 

instrument as the temnerature. 

3. Measurement of light conditions: 	s  recommended by SAUBERER (61), 

the light intensity of various spectral regions was measured with a barrier-

layer cell nhotometer 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. I 
3.2 Chemical Analysis Methods 

3- Oxyen content: The (.5xy -i,en content was determined accordin.; to 

Winkler, modified accordin to PLSTERRG (2). 

2. 1iydro7,en 	 The qunntitnUA.ve determination of hydroen 
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sulfide was carried out colorimetr.ically With IVK-diriethyl-p°•phen,ylene-

dia.r=,oniiu-a-dichlorid.e and ferric ammonium sulfate ( S'.1'RICKLf-ND-P11RSOi`iS (75) ).

3. Carbonate hardness (SBV): The carbonate hardness was de-

termined according to the directions of the Schweizerisches Lebensmittel.-

buch (E%Ass Food Regulations) (3rd edition) .

4. Total carbon ( inor ;anic ): From pH value and SBV, the total

carbon was calculated according to I1ARVLY and RODEE (24).

5. Piitrogen co:Lponent s: Nitrate was determined with the sodium-

.10dmetYlod accordin-; to P•:ULI,'.R and j'iIDEI^iAi•;T^T (IE2), nitrite with

sulf'anilamid.e and N-(1-naDhtnyl)-ethylene-d.iarnii:e according to S`i'RICKIAliD

et al. (76)), and ammonium accord:i.n,; to SCFMTD (68). The organically dis-

solved K jeldahl nitro,;en and the na.r.ti culate or. -a2.nic Kjeldahl nitrogen

were determined a.ccordi.ng, to (73) •

6. Phosphorus camponents : OrthoDhcsphate : 1;mmonivr.l molybdate -

tin c^;loride r etilod. according to Ohle, modified according to S011,1D -and

.f.I•A.BÜI,L (6)9) •
From the difference betvreen the total concentration of the (430)

raw water and that, of the filtrate, the particulate phosphorus was calculated.

7. Silicic acid: Colorimetric determination with ammonium molybdate

(Ger..an Standard Methods (15)).

8. Determination of iron: The determination of particulate and

dissolved iron was carried out colorimetr.icall,l with the orthopYlenanthroline

method (I3LOÏ.SCI-i (^) ) .

All the dissolved colr_oonents were measured in the filtrate obtained

by filtration t'r,, ou:;h a O.Ii> ^^l pore width fil-Ger (Millipore HA) .
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Bioloidcol  Investigation  Methods 

3.31 Onalitetive  and cuantitative investigation of phytoplankton  

The plankton samples from the Lake of Lucerne were fixed with 

Lugol, filled into round-tube compound-chambers (50 ml) and, after 48 

hours settling time, counted in the inverted microscope according to 

UTERM.OHL (79). The samples from the Rotsee were prepared in fivefold 

dilution, due to their high plankton-cell densities. The biomass was 

calculated by summing up the single-cell volumes. These latter were de- 

termined by measurement, and with the aid of data from literature(PAVONI(53) 

and leWERCK (44). 

3.32 . Measurement  of Primary Production  

For the production measurement, the 
14

C-method established by 

STEEMAN-NIELSOU (75) was used. The 140 ampuls were produced from a sodium- 

bicarbonate solution (supplied by the Radiochemical Centre, Amersham, 

England, code Io. CFA.3). The production from the solution is safer, 

since the 
14 never appears as 14CO2 . The ampul activity was determined 

according to the barium-bicarbonate method (VOLUNWETDER (81)). 

The water collected with the sterile sampling bottle was filled 

into sterile erposure bottles (Jena G 20, 125 ml), and with the aid of a 

sterile syrinsre 5 M C-bicarbonate solution was added. The samples were 

exposed "in situ et loco" for four hours, from 10 A.M. to 2 P.M.. For 

this purpose, the exposure rack shown in Fig. 2 has Droved suitable. In 

horizontal position, the bottles are exposed to the full light. According 

to the buttonhole principle, they are slid into a support (Fig. 3). The 

setting-up therefore repuires verylittle time, so that a "light shock" of 

the algae (GT.Di.21\; et al. (22)) may be prevented. 	•fter the exposure period, 

V.3à 
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the se.mples were iru::ediately processed. 25 ml each of sample v^ater were

filtered throu^,h 'a 0.22 1A, pore width fi].ter (GUtin;,er blembranfiltergesell-

scha.ft Si,11 113 07) ^•rith a microl°iltration instrument of the firm of Milli-

pore (Code Xr>1002500) . t,;ith rubber ce.nent, the filters were ^lued into

an al,)3,,-dnu.m d;. sh, and ex»osed for 20 minutes to fwi-,inâ h•ydrocïi_loric acid,

11^
to re:^io^re the adsorbed inor; Ïanic C.

The me,^- sure^rent Look place s•rith a methane flow meter (Fircn of

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

recting factor of 1.06 was used for the isotope effect. The utilization

coefficient of the nw,ierator of about let, was small; yet, it was compensated

f or du.rin,,; the calculation, since also t'r:é ampul activity was determined

?^ritli the :a.r:e nr;r?er.2.tor, and ^:;ith the same r.:ethod.

(431)

FiBo ttle e,t;^:,s zre rack

>,

z=?_`.:.

..^...•^, ::.;, _ ;•^>;::^:,^;.,..,.., . •,.a,^:ï,;•i: ^:

S r>1?<^, i;: `I'^ c},o^t•?_e i.r; „ e;,;:cd ;::•^ :,t^. : a. l'ot:m-xabber

T>l:.l.î 11l .r^ i.e "1)U •L ,'_! iC)le^^ .
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3.33 Bnct,rri; 

The samples for the bacterioloical analysis were processed with-

in 1-2 hours. I:ccording to POTTER (56), if the samples are stored in 

bottles for rather e 3ong time, considerable shiftings may occur in the 

number of L-,rerms and in the species composition. The species number de-

creases, while the total number increases considerably. 

3.331 Plate Method 

As medium to determine the number of germs according to Koch's 

Plate Method, tryptone-<Uucose extract a:LY.ar (Difco'No. 521983) was used 

(beef extract 3 g, tryptone 5 g, dextrose i g, agar 15 g per 1000 ml of. 

dist. water). The samples were plated in sterile plastic Petri dishes. 

The medium was poured in licuid form, and care was taken that the sample 

was mixed with the agar only shortly before the agar solidified. For the 

samples from the Lake of Lucerne, 0.1 ml of the original sample were plated. 

The samples from the Rotsee were diluted 1:10, and also 0.1 ml was plated. 

For each sample, five parallel samples were prepared. After an incubation (432) 

period of five days, at 20 ° C, the colonies were counted under the binocular 

mau;nifying glass, at 50fold magnification. 

3.332 Membrane-Filter rethod 

The countin ,2; results on membrane filters are based on the direct-

coUnting method according to Razumov (from KUMEZOV (36)). The exact method 

may be found in SCEEGG and RUSCHKE (65). In some cases, the method accord-

ing to Razumov and L.ranov (from KUMEZOV (36) was used to determine the 

generation tine. 

idvantaes of the membrane-filter method: 

Direct microscoical obserration and counting provides the best 
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indications about the number and morphology of bacterial plankton. 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 nuMber of germs. 

Disadvanaes of the direct-counting method: 
- 

It is often difficult to distinguish the germs on the filters 

from detritus particles, especially so if they are Present in stunted forms. 

In strongly polluted waters, particles of young growth, and zoo- 

gloeae appear (JANNASCH (32)), that is, bacterial-cell accumulations, the 
.. • 	_ 

number of which can only be estimated. 

According to JANNASCH (31), dead and live bacterial cells may be 

distinguished by soecial staining with Acridine Orange and fluorescence- 
Li 

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

live cells appear green. Ebwever, DEUFEL (10) arrives at the conclusion 
_ 	 . 

that, while all red-fluorescent bacteria are definitely dead, not all dead 

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

to KUZUEZOV (S), the percentage of dead bacteria is not more than 10% of 
. 	„ 

the total bacteria present. Kuznezov was also able to prove this order of 

magnitude by measuring the respiratory intensity in cell suspensions of 

lake water concentrated by partial filtration. 

It may be assumed that dead bacteria autolyze very rapidly, and 

that therefore the living bacteria that are counted on the membrane filters, 

constitute the bulk. Nevertheless, the exact percentage of dead bacteria 

• remains unknown. 
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3.333 Count of Special Species 

Isolated species from the Rotsee which, morphologically, were 

easily recognizable, were observed separately. Particularly Thiopedia  

rosea Leptotbrix Pseudovacuolata, and Chromatium densegranulatum were 

Counted in the inverted microscope of UtermUhl. 

3._.4  Data  Analvsis 2).  

The recording of the results and the empirical searching for the 

correlations were extended by an evaluation and interpretation of the results 

by means of data processing. GOLDMAi .̀ ,IN et al. (23) showed how a lake in- 

• vestigation may be conseouently evaluated by data processing. 

In the present article, the linear correlations among the para- . 

meters were calculated ("Korrele program). /mother program ("Profile" 

program) served to calculate the square-meter numbers (= values below 	(433) 

. 1 m2 of lake surface intep•ated over the depth). 

In the Rotsee and in the Lake of Lucerne, at 5 depth steps each, 

about 30 paraMeters were . determined per investigation.  These 5 depth steps 

showed a comPlete data sequence over the two investigation years. This met 

with an essential Prerequisite for the use of data processing. 

3.41 Calculation of Ccrrelation  Coefficients  

The value Pairs compared in each case are to be considered as 

normally distributed random variables. The respective correlation coefficients 

were determined according to the following formula: 

2) The calculations were carried out on an IBN  CPC 6500 of the ETH Zurich 
computer cenLer. 
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The correlation coefficient states whether there exists a linear, 

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

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

form. This was intentionally omitted, as it is not possible to apply the 

criteria of a pure culture to a lake. 

The significance limits were set at 2o-:.= p LO.l (Dokumenta Geigy 

(12)). The correlation coefficient r for each lake was determined between 

all the data; likewise, all equations of the refiression lineswere always . 

celculated. 

The "Korrela" proE.,ram mentioned in the Appendix provides the 

following: 

1. Writing out of all input data in the block per lake and date. 

. 2. Calculation Of all linear correlation coefficients between the 

input variables in one depth step each, during the investigation period. 

3. Indication whether the correlation coefficient is significant, 

with a 10% error probability (p  L 0.1). 

4. Writinc4 out of all significant correlation coefficients in the 

"intersection ddagram". 

5. Calculation of the two rea;ression lines between the respective 

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

5.)12_Calculation of "Square2V.eter Value" 

For vrious pari,meters, the value per 111.2  of lake surface is needed 

as, for instance, fur the primary production. With the "Profile" pro.:ram 
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(Appendix), it is possible to calculate the plane under the curve of

parameter aE,ainsi; rieTlth, in that t' :le respective trapezoid contents, lim3.ted

by the separate mea.sure:;ents of the parameter, were stui?med up.

The "Profile" pro;ram mentioned in the Appendix provides the

follo;;Tin;:

Ca.lcùlation of the value of a para.r.eter per m2 of lake surface,

of the mean value, and of the quotient of mean value to maximum value.

This quotient serves to characterize the curve shaoe; if the curves show

only one maximum, the quotient is a direct indication about the stratifi-

cation conditions.

4. Production (434)

Autotrophic and 'neterotrophic production by organisms can take

place only if the corresnonding er.er`y source and nutrients are available.

The deterioration in the condition of the vaters manifests itself mainly by

an increased ^?:ro;,,th of UlarKtonic algae; however, this often depends

directly on the nutrient concentration. CW.CizTFR (19) sho::Ted exuerimentaily

"in situ" for phosphate that not only a single supply of nutrients releases

a larr;e production, but rather, that the constant supply of nutrients con^

stitutes the decisive factor.

To the population of organisms belon g both producers and consumers.

This constant supply of nutrients therefor.e is not only an external fa.ctor,

but to a substentia.l de-;.ree an internal factor. Wi.tIh regard to the bio--

:Lo;.,icül. production tY.crcfore, it is, extremely i„•portint to knoi•r the a_u£:ntity

and C,a.J.it;' of 1;;:3.;à .i_ntC>rnsl 7_oc^. d, recycla_n,-' or, FccordinC; to 01:ï,R (48),

tt i n
Th e cycle . 1.^,c co'nq'prellcnsion of the ne f:ur;_l laws and. of
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the capacity of the "short-circuited-cycle" in a lake is the prerequisite 

for the production evaluation. 

In any interpretation and evaluation of results, the dynamics of 

a body of water is of prime importance. The lake investigation described 

hereinafter is to serve the enlargement of this knowledge. 

4.1 Definition and  Limitation of the Trophogenic  Layer  

"Trophogenic layer" is a term related to biological production. 

According to RUTTVER (60), during the summer stagnation, a lake is divided 

into two completely different spaces, a trophogenic and a tropholytic layer. 

Somehow, the title of the present article is in contradiction to this strict 

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

While it may be correct to sreak of a trophogenic layer, one should 

- define it from the energy standpoint, for instance as e.leyer in which the 

energy balance for the living cells is positive. 

4.2 -Factors Determining Production 

4.21  Physical Bases 

4.211 Meteorological Data 3) 

In Figs. 4 and 5, the meteorological data from all the Rotsee and 

Lake of Lucerne sampling days  are  listed. The average monthly atmospheric 

temeratures are shown as stepped diagrams. If the water temperature (0-5 m) - 

is integrated according to the "Profile" program, one obtains the thermal 

clIcrY content of the water below 1 m2  for the trophogcnic layer. In contrast 

to the average monthly tempereture, a negative value WRS never obtained, 

3) Pe•rt of these (3kte were kindly made available to the author .by the 
Central institute  of  Meteorology in Zurich. 	 . 
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that is, the thermal enery content of the tropbogenic layer remained 

• 

 

positive.  over the whole »ear. 

If the two curves are compared with each other, the thermal energy • 

reserve of the lake may be seen directly, in thet the curves are mutually 

flOnMsn''.ibminkluens Duration of sunshine h 
ILS 
	." 8 	21 	:Y.. 	 211_ Y.. 	q 

DeNu4L'mcr,InIA1A)0 Degree of cloudiness 1  P. 
m Dmoo -mnoqm-m  1 	h ■ m 
0 0 C.)  0 0 0 0 0 0 0 0 

M 	AM] 	A 	f,l'IND 	1 

191 ,9 	 1910 

Fi.;.:._ 11-,.1geteorlo;-ricF_1 indications, Rotsee: 

Circles: Deree of cloudiness (black = cloudy,  white = sunny)ï 
separate colurr_ns: then air temperatures in ° C; Stepped diagram: 
avert, :;: e monthly temperatures in ° C, ( ----): energy content in 
kcal/m2  (0-5 

.e.nqleMtlii.nal.b3mo Duration of sunshine h 

LL-ke of  Luc erne  
(for c:,:nlvnations see Fi:. 4). 
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(ZF3) )In bot', l. }.es, heat ti•^as stoxed iantil :^ùc;ust, Gnd. then released

afer AujTast.a,,ain. For the la'•ce, the thermal balance was ne:`ative a^,ain ^t

From the respective curve (',.cal/in2)!. the number of Real exchanged per D12

of surfece rr.a.y be read direct!,,,. If the ener,,y e:cchan.;e throu;;h 1 m2 is

multiplied b,! the. lake surface, the e?zer,;^; flow between atmosphere and

water is obtained. Since this meE.ns a. parallel shiftin;; for the drawn

curve, it was omitted. In the ^otsee, below the total lake surface, the

m2xilnLll1l value of the eneri-,.y content in Au,;ust, 1969, was about 5 x 1010 kCal,

taking into consideration the 0-5 in layer, and the basis of 0°C.,4

4.212 Te?_-r_c,ra^ture

Rotsee: Fi?;. ^.

The Rot: ee was in,resti,_;ated for the first time in March, 19,9,

?,-1:cn. the sur.?,_cr stn.;nûtion star:ed. f.orr:iin;;. In Au;:,ast, 7;"(), there was

a r^-_rked ti`err:^.ocline with a maximum surface i;emperature of 23.5°C, and. a

sud-den cran::,e in tesloerature at the ^ in depth. At the end of I:o^rember,

the a.uttunn circulation started. That tiiis circulation coi:.:^rised only part

of the :i,,,polirrnion, resulted from the fact that in December, the temperature

of the lo;,rer 1a^-re.rs was higher, with :S de._;rees com-oared. to 5 de;;;rees, than

in t'r_e e^)i.limnion. This was an inverse stratification. The fact that the

circulation did not reach the loi•rerr.ost le.-vers, c as seen also from the

chem-?.cal analysis values described herei.nafter, and from the values of the

index or:-a.niszns (see T}iioi-iedia 7osepO . It is -oossible that the salt con-

tent of the deep water cau,-ed. this inverse stratification. In January, a

winter stagnation formed., w;;icn lsstec until the end, of Febr-aary.

^^i
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Rot  see isotherms ( ° C) (aecordinfl; to STADELMANN, 1971). 

23.1 	192 	197 	914 	209 	176 	87 	63 	99 	710 	III 	2.12 	61 	242 
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L) i.:r of 14ond:.f.._

The isopletl, ^Yra.)h (Fi:_;. 7) shoS•rs the terrrferature course i.n the

Bay of IlaM . In January and. February, there was full circulation or turn-

over, at a teraperuture of 4.5°C. In I:pril, a stable epilimnetic stratifi-

cation started f orznin;;, t•r'r;ich reached its maximum in Au;-,rzst. (nkTXlInum sur-

face temperature 22.7.°C). The temi)er.at:are chan-es affected the layers

doj•;n to 50 in; below that point, the tiemperatuZe rerained constant, at

about 5°C, throu;;hout the year. For the present research, only the v^ues

do;•rn to 15 m t'rere taken into consideration, since, for the sake of simUli•-

cit^,r, this deptn was assam.ed to be the lourer limit of the tropho;enic layer.

Ste,bi:Litv of Stra.tificE:.t ion

It is immortant to find e r.:a.^r,nitude that is representati.ve for

the m.omentary slLabilit'; Of the thermal st:1'.'-'..t].:i? cation. For one'°pea-k curves,

it :i s possible to form a quotient betv-een rz<:xir,:uzn value and mean value over

the water coluzzn. xl:. cuotient of 1.0 Signifies that there is 'n_omothermrir;

a high auotient si!!;-nifies a 11ii,:;r. Ueak t•:iti1 respect to the mean vG1ue, and

constitutes the direct .:^r^rnitude for the stability of t. --e existin; strati-•

liotcever, to co:,._,axe two d.ifferent lares, it is important t2)a.t the (438)

same size of T•7ater colmm be eval.uatec.; otl:er,"ise, the ouotients cz.nnot

be compa.red.

These quotients ti•zere cc lcu:Lated with the "Profile" program for

a:Ll comnonent s. For the tez,:Y)era: ^ur. e, they are shown in Fi,... 8. It may

be seen t'f:2t the Cuo't1.G ;t .detF'r1;.i-ned f rom t!?e Rotsee values shows 8 lii;;her

.L'.rJ o'•IC'.r tÎ:e ^" tl7le ^r('^r tâ;cl'? i,i:-^: .:r0T11 the Z^^Ce of Lucerne Values. `i: !e

(:o:1rse of :)-Aï! Cilr'IC'fi 1.. a rC':'. ^.t ')- :^Cte^T71U';iC^1 C011CÎ1.L10115.
^a.TîCC,

C.
tj..e '^Z•'t) ^.2:)CE:, ^.'lE' C.Lz'E^C'

er, the itr rt: 1]roCCeÔ. ICfca.nlJ
r^ _ . '

„•: ,, .:. l.L e ^.

ficc..tion
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In the spring of 19'"-)9, after an initial ascent in the stratifi-

cation stability, a collapse 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 

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

December, the autumn circulation took place, with the collapse of the . 

stratification stability. The winter stagnation was again clearly seen, 

particularly the formation of a strong, inverse stratification in the 

Rot see. 

Stratification stability curves, Lake of Lucerne (---- ), • 
and Rotsee (----). 

Correlation Analysis 

The following manner of representation (Table 4) will constantly 

be used hereinafter as a basic  design.  It will therefore be explained 

briefly 

In the middle of the Table is the parameter against which the . 

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

and the left, the correlation coëfficients have been plotted, toward the 

riht in te Imsitie direction, toward the left in the ne7ptive direction. 
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In principle, all  the parameters used in the correlation analysis 
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If, for example, ammonium, in the 0 m rectangle, is between -0,7 and -0.8, 

this means tl:at the correlation coefficient between temperature and ammonium 

is significant, and has the value of -0.7 etc. From the arrangement within 

the rectangles, in upward direction, the second decimal point may  be estim-

ated in upward direction. 

Table 4. K-Analysis to reference parameter Temperature, Rotsee. 

were indicated, althouf.,h it is obvious that part of -te çorrelations are 

secondary, or have little meaning from the ecological standpoint. To 

discuss each separate parameter is impossible in this connection; hoW-

ever, essential correlations will be *mentioned individually. 

All the data used for the correlation analysis are listed in the 

Appendix. 

In the text hereinafter, the following abbreviations are uses:  

K 	correlation 

KK correlation coefficient 

(439) 
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RotFee ( Table 4) , 

The KK lie mainly in the ne•.',ative range. These are the production-

determining and productionrepresentative parameters. To be specially 

mentioned is ohosPhate which correlates negatively with 0.83-0.84. From 

the total of these correlations, one may conclude that the temperature, 

that is, the enery content üf  the lake, is of subordinate importance with 

re gard  to biological production, that particularly nutrients, such as 

phosphate and ammonium, are determinative for the production. This state- 

ment does not only apply to the algal pooulation, but rather, as the various 

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

Lake of Lucerne (Table 5) 

In the Lake of Lucerne, the K diagrem shows a completely different 

picture. There is a very "hih KK of more than 0.9 to the primary production 

in the layer of maximum production (2.5 m). Moreover, there are positive KK 

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

The bacterial n_Imbers, both plate and membrane filter counts, correlate 

Table_5 1_ K-Lnalysis to reference parameter Temperature, 	 (44o) 
Lake of 1_,cernc. 
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positively V71.th the temperature. It is interestin;; that the nutrients

p'r)osp?_ate and nitrate correlate ne^r2tively z•.ith the, temperature. This

is to say that at increasin; standing, crop and production, the nutrients

phosphate and nitrate are consumed.

Further relations will appear more clearly with other reference

parameters.

Conclusions f rom h.-.Anal^; sis

The Rotsee is a hi7?i]_y productive body of water, the productivity

of which is not in the first lace temmer2.ture--de:)endent. This statement

is confir,?ed izi the corresponding production figures d.escribed hereinafter.

The maximum -oroduction in the Lake of Lucerne coincides with the

temaerature dependent.samu:.er heati.n7; it is largely

4.213 Li,conditions--------------

To evaluate the production, one must take into account the light

conditions as ener;;y basis of the pnoto-autotropnic production.

14easurements with a selenium photo-•cell provide only relative

values in relation to the surface intensit;,v assumed to be 10011^-.

In the two investi.;ateâ lakes, the green component (VG 9) penetrates

deepest. Fi::,s. 9 and 10 illustrate tne penetrating depths of the green

1i^l^t foi^ 11/1 and 20% of the surface intensity. ROME (59) defines the

magnitude of the productive •layer with the 1% penetrating depth of the

!;reen li ^,ht. For data-processin-,, reasons, this very variable limitation

of the tropho:1;enic layer was omitted, and the limit for the Io.ke of Lucerne

i.;a s set at 15 m, and that for `.:'r.e Rotsee at 5 in.

The visible depths, on tiie i,:i"tolc, coincide t,.itt_ ':rG 9 20',!,. For

F)]:'cActl.cal t;l;l.s allo;;s for the ret;[)ect7.`.7E` lFl.'•:e:> to calculate frC.i!
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1970 
J 	F 	M S 	0 

1969 
M A m 
J: 

Fig...  9. Penetrating depth of green liFht (VG 9) in % of 	 (441) 
the surface intensity and *visible depths, Rotsee. 

Penetrctin'depth of green 114. ,ht (TG  9) in % of the 
surface inzensity and visible dept'ns, Lake of Lucerne. 
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the visible depth,with reasonable accu-racy, the 1;,', limit of the green

light (VU 9) .

]:t is noteworthy that durin^; the summer months, the visible

depth shoes'vartly hi<<r.er values in the Rotsee than in the Lake of Lucerne.

Further data on the lig,ht intensity may be found in the Appendix.

4.22 Eut ri ent s

To characterize the nutrient situation of the investi!-,ated waters,

the two most important nutrients, phosphate and nitrate, j,;ill be illustrated

hereinafter, over the course of the year. A more detailed evaluation of

the part nitro-_4en plays in the nutrient cycle is found in ,STADELANN (73).

On the importance of phosphorus, 33LO^ISCh (8) z.;ill further report in con-'

nection with sedimentation mea.sure.nents. the m.:i-cronutrients, only

iron z•rill be mentioned.

The values were calculated per m2 of lake surface by detex^ninin^

the contents of the tronho;;enic layer (in the Lake of Lucerne from 0 to 15 m)

in the Rotsee from 0 to 5 m) S,Tith the "Profile" pro,;ran; mentioned in the

r:pnend.ir.. To each nutrient con^vonent, the K to aa_l tà7e other parameters

N-rere calculated with the "Korrela" program,. and illustrated. according to

the same pattern as the temperwture.

4.221 Phosr.)ha.te

Rots ee

Figg. 11 shows the phosphate content per m2 of lake surface in the

tronhor;enic layer of the Ro

19:)q, phosphate was consu.n-,ed almost co:n;,letely in the trol,ho;-;ènic layer,

vhil.e in i,,:inter (7)^ce `it^c:c;, duc to full circulation or turnover in the lake,
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K-Pna3ysis to reference parameter Phosphate, Rotsee. 	(443) 

kl p.s:a 

the phosphate content below 1 m2  rose up to 1 g. Already in May (1959), 

the consumption of the available phosphate started from the surface down, 

at decreasin aal population. 

The K-Pnalysis (Tcble )) shows that in winter the phosphate con-

centrations are hi,11, in tiat there exists a.  high ne yative KK relative to 

the temerc.ture. r‘orcover, a K na-' bc seen between phosphate and conductivity 

in the layers down to a 2.5 m depth. 
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K to the production parameters may be seen only in the widest 

meanin (CRYPT, PN, and PP 0.55-0.6). The K to the other phosphorus com-

nonents are only of secondary nature. However, there is a very close re-

lationship between phosphate and ammonium concentration. This is due to 

the fact that at turnover, the two components are introduced from the hypo-

lirmion. This assumption is confirmed by the fact that also in the hypo-

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

ammonium concentration. 

Lake of Lucerne (Fig. 12) 

In the Lake of Lucerne, the phosphate concentration below 1 m
2 

(0-15 m) is lower than in the Rotsee by a power of ten. It lies, on an 

averae, at 40 mdm2 . 

In the suumer, months, until the end of the year, a strong  phosphate 

decrease was noticed. An almost complete phosphate consumption took place 

in Septes:ber, when no more phosphate was detected between the 2.5 and 15 m 

depths. 

• Apparenbly, due to a more marked turnover in January, 1970, a 

rather lar;;e amount of phosphate was brought back into the trophogenic 

leyer, and the ellochthonously supplied amounts were distributed over the 

profile, so the% in February, 1970, the content  as  much higher then the 

- previous year. 

•The KrAnalysis (Teble 7) shows negative correlations between phos-

phate end the production factors, such as primary production, PN, temper-; 

eture, and positive correletions between phosphate and nitrate contents of 

0.6 to 	ut  all depths frorn d to 10 m, tLFt is, a constant inter- 

deuendenc:i exists between the two nutrients. 
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Phosphate content of the trophogenic la;yer (0-15 m) 	(444) 
in mg of PO4-posphorus/m 2, Lake of Lucerne. 

Table  1. K-Analsis to reference parameter Phosphate, 
Lake of Lucerne. 

1 
4.222 Nitron Comnonents 

The nitro i s . en e , c1e as inv-estii:ated in detail b:ir STI‘DELMANN (73). 

In ii'. 13, tl:e niLrouen ccynents niLrate, armonium, and nitrite of the 

Ibtee cre :11A.  irri. as r1nare-:eter ,ralues. 
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Fi. i3. Square-meter values (0-5 m) of ammonium (----), 	 (445) 
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All three  nitro :en  components show that in the Rotsee the 

N-consumption is very hie, in that from Auipst to November, the values 

decrease to almost .Aero. The nitrate concentration increases only after 

the autumn circulation, from ,knuary to 1:.ay. It may be assumed that this 

increase orijinaLes from the nitrii7ication vhich starts, due to increasin , 

 omyen concent,raulon. 
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From th.e K- Pr.al,:, sis of nitr..^te (Table 8), it be seen that in

the Rotsee, nitrate as a nitro,-en coi-̂ ^ ,onent plays a much lesser part in

the yearly re.;il:'.Ce tt7m.n 81?1Ylonit.l)?l.

e ^
This is co'_::îirl'..e(3 by the Sis O:1' c`i111'i?oniUnl (Table 9)..----____..._^ -. ^

Ammonium correlates •rery closely i`;:It . phosphate, and constitutes in the

K•-pattern a nutrient that tarta._es in the production. The neZative KK to

oxy ;en in the 0 in, 1_ n., and 2.5 m depths is another indication therefor.

Table 9. to reference pwre.meter f•.mmionium, Rotsee. (1+1E^)

-^, '0.5.-O.a •Q•7 L`./s •l,', t n
i
o nF, 0 , 7 0 , 0. C1574

Im

^'--- --_:^------ ---^-•-

1 ^^:1^=11
4:C!CN

r-- --•-- - ---

If`_xC`!i

F?

A!J'F\

-fl`....

I
n

c..

{
i:.VTA ^^cI-^^- ;--1-- -

llü: I'i.Al' I! A : .,::
"I':Si^53C.;

F ! t:?

F:LFE
.•]_aI ^._-_

,.
.,:IG:..., t3:l.F_I ^• <:

^:.<.. _...
_._. .. _-,_-_J••a L^-._^_-..-_..._.

T_^^ of L?iCCrne ^; l^•)

In the Lake of Lucerne, nitrate, in the course of the year, is

19-o");

In the Zla.:ie of L?1CC?"ne, I:itr:Li.•e is of subi)rC:].n(:.te ].113-Portpmce.

never fully consumed in t1f,.e troplnogenic laver as a,•rhol.e . While in October,

there is, in fact, an almost complete nitrate consumption in the

1.ayer of main nrod'uc tivit,;r of 0 to 2.5 m, the nitrate content of the

troorozjenic layer a1-i';^:..,rN ^ r ^ ^^^G:i'a:lns c,.l'IC: 2

.C, tllr.. t is, in Jul.;r .: nd SE':)teàrbc:r, 1l-,),)g, -^:'' . t the lover

..]...U of the t]'<)C:;(?,_:'l'.1C er. Eft -_bJ:.tt 1.2 m.
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3:-An<lys.s of 1;itr2te in the D'^:'e of Lucerne (Table 10)

In contrcas.t to the I1otsee (see K-1'-.nelysis Table 8). in the

of Lucerne, nitrate appears as antagonist to most production parameters.

Particularly, bett.Een urimary prodsction and nitrate, there is a high (IIlE7)

negative KK (0.92). Moreover., there_ are negative K to the Pl`1 and PP

values of 0.7 to 0.6 vhich are representative for the standing crop. Eow

close this interrelation is, may also be seen from the fact that at a

d.epth of 15 m, no si6nificant 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 values are surprisingly constant, down to

a depth of 10 m.

The K-Anc:l-ysis of nitrite (Table 11) shows that the denitrifi-

cation processes at the 10 m depth occur in relation to the bacterial

population. In the layer of main productivity, there exist positive HIL

to the production parameters, and a negative KK to nitrate. One may 0.48)

conclude thereof that at high nitrate assimilation, that is, high photo-

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

as the first intermediary product of the nitrate assimilation (STADTI^,^AVn (73) ).

4.223 Iron

-As may be seen from Figs. 15 and 16, both in the Rotsee and in

the Lake of Lucerne, the dissolved-iron concentrations calculated for the

trophogenic layer, lie in the same order of iragnitude. In none of the two

eaam^)_les, the dissolved-iron concentration decrea.ses to 0.

The I:^1'.nr :l 1 sF s (Table :12: K-l:nal-;-sis in the Rotsee ) show only in

the Rot.see a ne;;titive. K bc.t^;.(-en the w.railablce biomass and the dissolved

iron in the C^^^n:i.c layer. In th-:,, .La'_,.e of Lucernc, the K4.na.lysis
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values show nu relation  to the production parameters. An illustration 

therefore uns omitted. 

4.224 Totel Salt Content 

The 1K:Pnn17 , sis betueen the conductivity and the production para-

meters was carried out in both lakes. For the Lake of  Lucerne,  it is 

noteworthy that the conductivity depends exclusively on the alkalinity 

(SBV). In the trophogenic layer, the KK fall from 0.8, at 0  m,  to 0.62, 

at 15 m, that is to say that below the trophogenic layer, the conductivity 

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

with any of the production parameters. An illustration therefore was omitted. 

In the Rotsee (Table 13), this situation is completely different; 

the conductivity correlates with phosphate with 0.82, at the 0 m, 1 m, and 

2.5 m depths. Likewise, sianificant KK exist between silicic acid, ammonium, 

end the water hardness (SIM. 

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 (SClEGG (63)), the 

conversion rate may vary substantially, depending on the species composition 

of the plankton.. Phytoplsnkton investigations therefore serve also for the 

comprehension of dynamic relations. In this sense, the following detailed 

phytopicnkton investigï)tion in the Rotsee is to be understood. 

4;))1 Plnitcnir , nton in the Rotsce 

The pNtoplunUon occurrence is described, for one thing, grounwise 

and, for ïlrnther thin  h  b  ::11 ,D-;!in7 the me or  forms in the ïzpt-Jce-time djec:rm. 
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Table_13. A-_'.n:,lysis to reference parameter Conductivity,
tiOtsf.e.

',%4 •(l,f. -0,7 -0,8

I I

Im 19t

1 o'9 qa n,7 a,r, 0.5

I I

k
I : i:

i'•.,..

il

(45a)

The algal groups are indicated.in biomass, as fresh-weight (= cell

volume x s;,ecific gravity), the separate forms in cell counts, colonies or

number of threacs per M . in the space-time diagrams, shadings are used to

show the main vegetational periods more clearly. i=.o=.•;ever, they are not to

be understood as isop,leths, that is, the d.elim.itations were chosen appropriM

ately in each case, ;ret not calculated. An isopleth illustration would

require a larger basic m(:.terial. The respective illustration will also be

used for other .p erur:e ters .

4. 3lI .. C :, j:1 !or.L^T^;^
(F

ig . 17),

The blue-green algae showed a rather sharply delimited growth

period between SepteMer and December, 1969. Compared to the total phyto•i

plankton, their values in the trophogenic layer are relativelylow; in the

Rotsee, the y plî -i suti)7rCal.ni'Z:(.' part.

Only ie^.chcd. a ^,rcr;r hir_}^ value in

ïi^yre^.iber, 1^,:7(%, ut the 5 Jl C7e;)tÎ'.. Dlirl.;^;; the Mole year, some filaments

of l)sc1-llC i:':ria ru`('. orn„ and Osc1.ll'c:tor1a rC'.Gec'.:]_1 were al?,;i;Vs found.
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Coelosphaprium Faegflianum (Fig. 18) 

The appearance of Coelosphaerium  Naegelianum was delimited to the 

months of October, 1969, to January, 1970, with a maximuu in November, 1969. 

The largest number of colonies (850 colonies/ml) was found at the limit 

between hydrogen sulfide and oxygen, at a. depth of 7.5 m. At the 14 m 

depth, at a hydrogen-sulfide content of 6.8 mg of S2-/liter, there still 

were 467 colonies/ml. It was not possible to determine whether these were 

sunken-down colonies or Whether this form grew in the anaerobic range, at 

extremely weak light intensities. 

4.312 Chlorophvceae (Fig. 19) 

According to the number of species; the Chlorophyceae were a 

relatively important group; however, with respect to biomass, they were 

not in a leading position. Only in April, 1969, they constituted 30% of (452) 

tbe biomass. Their appearance was limited mainly to the first half of the 

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

August, 1969. The April maximum  was  caused by Chlamydomonas su.  (Fig.20), 

the appearance of which ras limited mainly to the months of March and Aurili, 

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

Oocvstis lacustris (Fig. 21) 

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

it is noteworthy that on 10 July, 1969, there appeared a massive growth at 

the 5 m depth, at the boundary between hydrogen sulfide and oxygen. One . 

month later, a large nuMber was found at the 14 m depth. This population 

1;ad obviously  suuc down over the anaerobic layer, without dissolving appreci-

ably. 
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Fig. 17. Cycnophyceae, Ag/m1, Rotsee. 
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Fig. 20. Chlemvdomonas sp., cells/ml, Rotsee 

, 	 i 	1 

•

‘; 

bb—A 	/cu 

Fig. 21. 0ocvstis la,custris, cells/m1,Rotsee 

It is possible that Oocystip lacustris the same as 

CoelosnLcerium i:aelianum described under the Cyanophyceae, belongs to 

forms which are able to live also under anoerobic conditions or, due to 

their gelatinous en,relopes, remain as cells in the aerobic environment. 

) 
A 

• 

• Snhaerocystis Schroeteri (Fig. 22) 

These colonies were observed in June and l':ovember, particularly 

in the epilimnion. 

pharacim .5re.e5lires f Ftp.,. 

This form apneared in relatively large numbers in May, at the 1 m. 

denth, and in sm;»11er numbers in Uovember snd December, 1969. 
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Fig. 23. Characium graciliPes, 	 Rotsee. 

Coe:U-2_strum . micronorum (Fig. 24) 

Coelestrum micronorum showed  a massive i„-rovth (2549 colonies/m1 

on 10 July, 19'59. A smeller number of colonies remained until November. 

Also of this form, very large numbers of colonies were observed in the 

anaerobic layer; on 14 Au,;:ust, 1959, for example, at the 7.5 m depth, 

1444 colonies/1111 were counted, at a hydrogen-sulfide content of 1.16 mg 

- of S2 	It would appecr that elso,in this case, the colony form, 

with solid cell membranes, 1-r.ade life under anaerobic conditions possible. 

Sceneftsml.s . rtu7c7rict:Ild 	25  

The -;e  colonies  pue.red s. -:prvdicnily, yet n, inl; during the summer 

months, in the eilimnion. 
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Alrl>. 24. Crrrlrrstrrnu ntirrnpnrunrt, Ku1l,nic'n 'ru chva 20 7.clicn, Kolunicn1tnl, ltutsce.

Fig.24. Coela.stru_7n micronor.colonies of about
20 ce1ls, colonies/ml, Rotsee.
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^.`^5. ,.^ÇelledncTlls Ctua.d:Cl.cc.uû.c.., co10n].es/Illl, RotSee.

r',nkistrodesMus convo7_utus (Fig. 26)

developed. mF.inly during, the winter months, December, 1969, to

April, 19'i 0; a. massive groT•:th was detected in April (4737 cells/ml at

the 0 m depth). Due to its sma.ller cell content, this'form is insigniW

i'ica ni; for the bioi-nass.

4.313 ::On:?Ur^:^e (.['i^. 27)

The ap pearcnce of this ,-rroun was lir,.ited to the months of August

to October. The chief form that appeared was Cl.osterium s-,).. Yet, for

the total Uioiti^iss, even this croup is insignificant.



Abb. 28. Chrysophyeede, 	Rotsee. 

Fig. 28. Chryso-ohyceae, ,1g/mi, Rotsee. 
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Abb, 26. A nkish , desmtis convoluh“, Zellenhnl, Rot see. 

Fig. 26. Ankistrodesmus eonvolutus, 
Rotsee. 
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Fig. 30. llistomea.e, p.âIml, Rotsee.

4.314 Chryso-or-ce2-.e (r iE. 28)

The Cl.rysol)h;;cec.e t•:^.:re rerresented mainly by two fori:is, that is,

in 3'_crch and !'.pri1, 1;^9, by w:r:_ei.iw sub^:e7llicillct^ÿ, and in SeptEmber,

(456)

19')9, xebru :r and 19(0, b; Uro ;1e_^_ Fx:erica.ne.. Only on 18 Februzr;,`,

1970, at 0 r,., the;constituted 141,1) of the bior,^ass. r:oreover, more difficultly

differentiable flagellates were counted, which are listed_ in Fig. 29.

1)ietorcece (I'à. 201i. J
.^e....e.^........-....^.^..^.....

11_e diatonis rc..1o^_.,? in' t:i.o;,t_l is, in i-•:arch

c 17C.{ 19J9. and in l'C.'llY'a.éLr-v anC L: S hel1 c^s in Lu(,`U.st,

Septc..,,ber cinc? C'c.i,c,lxu-,

0 0 0,02 . 'l,r
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Fig. 31. Synedra acus, cells/ml, Rotsee. 
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Fig. 32. Stephanodiscus hantzschii, 10 3  cells/ 
ml, Rotsee. 

li c  

This form determined the Diatomeae biomass in August, while it was 

hardly present during the other months. 

Stenhcnodiscus hantzschii  (Fig. 32) 	 ( )i77) 

The most imPortant representative of the diatoms was Stephamodiscus 

hantzschi:L1  with two winter maxima. In March, 1959, this form reached cell 

counts of 44,000 cells/ml at the 2.5 m denth. Eowever, due to the small 

cell volumes, it constitu-kd only 38r,', of the biomass, even during this 

massi ,re i':rowth. Interesting was  a sporadic au-Jeannce of this form on 

11 Sentember, 1959, ct.  the 2.5 m depLh. This :mown winter ncnnoplcnkton 

form (n":1;i:E:iCK ()4)) appeared in the Rotsee at a temperature of 18eC. 
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Fig. 34. Rhodomonas lacustris and lens, 10-)  cells/ml, 
Rotsee. 

4.316  Cryotohvcese  (Fig. 33) 

The Cryotophyceee were the dominating algal group in the Rotsee. 

Their chief vegetational periods were in the winter months, and in August 

and September (5 m depth). Thus, for instance, the maximum biomass of 

34 g/m1 was 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 depth, the cell concentrations were negligibly low, compared to 

the epilimnetic figures, and at the 14 m depth, only isolated forms were 
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Rhodomcnas  lacustris  and lens (Fig. 34) 

The massive growths of Rhodomonas were limited to the uppermost 

water lsyer of 0 to 2.5 m. The absolute maxima were found at 0 m, from 

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

1 ,  cr,tomonas  son. (Fig. 35) 

Cryntomonas SDO. were found during the whole year; however, the 

[] 	 maximum growths occurred also during the winter months. In January, 1970, 

15,290 cells/ml were detected under the ice. An interesting phenomenon 

was the appearance of Crirotomonas in August and September, 1959, at the 

11 
7,j 	

5 m depth, at the boundary between hydrogen sulfide and oxygen. 

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

was caused by the upward diffusion of the ammonium nitrogen. This may be 

seen in the ammonium distribution, since with the appearance of the Crv_Pto- 

Lir 
monas bloom, a very ranid decrease was determined, from 1000  11&g/1 in June, 

[l] 	
to 520 	in August, to 200 Ug/1  in  September, and to 0 pE/1 in October. 

Th 	
blnm 

is metalimnetic Crvptomon
o  

as  b.so caused an abrupt phosphate 	(459) 

decrease, that is, at the 5 m depth, the phosphate concentration fell from 

244 P'g/1 in July, to 3 ug/1 in August. 
1 	

• 

It is possible that, apart from the nutrient conditions, also the 

temperature has an influence on this stratification behavior. It was at 

13-14 ° C. FMDEflDERG (17) found in Lake Piburg that at the 15 m depth, in 

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

4.317 Peridineae (Fig. 36) 

This group appeared only in September, 1969, and in February, 1970. 

In September, there was a vigorous growth of Peridjnium:cinctum which, due 

to its large volune, constituted 80.) of the total phytoplLnkton biomass 

at 0 m. 
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Fig. 36. PerwdineG.e, a%ml, Rotsee.

In February, 15-M, a messi-^re growth of G^E-.2nodinium ha.ntzschii

with over 5000 cell-s/m1, vas found.

Durin[Fg all the other months, the Peridineae were hardly present.

4,318-Fi.yto-^la.n';.tonyT3ic:^a.ss

Fig. 37 shows the rnace--time dia.;ram of the phytoplankton fresh-

(460;

weight. In the course of the year, two neâks apper. red., at the beginning

of 1969 and of 1.970. llurinE; the sur.u:er stc Y;nation period, maximtnn bioma.sses

were i'ound. in the met:l1.i.nnion, ^^tt the bounclc^r,y between hydrogen sulfide c!.nd.

Me nbsolute î:i.,,,ir-e; of more tl:.^n 30 /l, of iresh (Apri1.,

196q, Jz•rn.tr:lry, 1.9'(0) vere extrumely `l'hus, 7,ccording to P1\VONI (53),
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Fig. 37. Phytoplankton biomass (fresh-weight), 	Rotsee. 

a maximum phytoplankton fresh-weight of 26 mg/1 was observeà in the Lake 

of iallwil. V0i.,LE1.MEIDER (80), in his OECD report, indicates phytoplankton 

fresh-weights that are throughout lower than those found in the Rotsee. 

On the amazing fact that also during the slimmer months, cOmparatively 

high plcnkton densities appeared, at an almost complete consumption of phos-

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

4.319  Population Sequence of  Phytoplankton 

The phytoplankton populations in the Rotsee developed in rabid 

succession. Fig. 38 shows these populations, based on the biomass per m2 

of lake surface (0-5 m depth). In March, 1959, there was a DiatOmeae maximum 

(Stephanodiscus hantzschi), and a Cryptomonad maximum. One month later, the 

Diatomeae had disappeared almost comPletely, while the number of Cryptomonads 

went on rising. Simultaneously, large nuiribers of Chlorophyceae appeared. 

In May, the total population broke down, except for small remainders of 

Cryptophyceae. All the other groups remained insignificant, While in June 

and July, ChloroPhyceae were predomimnt in the pUnkton picture. In Au,pist, 

Cryptophycepe t.:npeared. incref,rsingly; this was essentially the Cryptomonr.s 

maximum discussed. previously (see page 145), at the 5 m depth. In September, 
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of the full circulation or turnover in December, with a simultaneous trans- 

fer of the hypolimnetic forms, which will be described later (see Figs. 63 (462) 

and 64), to the surface. In January, 1970, there was the absolute Crypto- 

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

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

seen, while the Cryptomonads still are dominant. 

Discussion  

The very dense sequence of different plankton groups (of separate 

species) shows that the system of the phytoplankton population, in itself, 

is already highly adaptable, since the population that finds the best con-

ditions, appears to start developing. Apparently, the uhytoplankton bio- 

coenosis is very labile, and restricted by many rapidly 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 for short periods of time. 

4.3110  K-Analysis to lieference Parameter Biomass  

In the Rotsee, the fresh-weight of phytoplankton 	biomass) 

(Table 14), 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. For the particulate nitrogen, this relationship was described 

by PAVOKI (54) for separate profiles. A K between the standing crop and 

the primary production exists only in the 0 m and 1 m layers, while the KK, 

at 1 m, is as low as +0.48. 

In the 0 m layer, there is a KK to the membrane-filter bacteria 

counts, yet which is smaller than that to the nrimary production. The 

highest KK of 0.93 to the Cr,Tptooh7ceae exists  et 0 m, vhich is to say 
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Table  14. K-Analysis to reference parameter Biomass, Rotsee. 
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that during the year, phytoulankton in this layer consists iminly of 	(463) 

Cryptophyceae. On the relationships between biomass and dissolved organic 

nitrogen and phosphorus components, there will be reported later (see 

chapter 5.1). In the Rotsee, it is noteworthy that. there are no negative 

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

The , K-Analvsis in relation to Cryptouhvceae (Table 15) provides 

a similar picture as for the biomass. With the parameters particulate 

phosphorus and particulate nitrogen, there exists a very high KK of 0.95 

to 0.96 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 

rAvœli (54). 

Conclusions 

If at 0 m, one forms a succession of the correlations (K value!) 

in relation to the biomass, the fo113.-ing results: 
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Table 15. K-Analysis to reference parameter Crrotophyceae, Rotsee. 

Biomass 
V 
Individual plankton forms 

Production 

Particulate P and N contents 

Bacteria population 

This mathematical ,joining together reflects directly the ecological 

causative interconnections of the parameters in the lake. 

4.3111 Particulate-aterial Components 	 (464 )  

Fig. 39 shows the square-meter values of the phytoolankton fresh- . 

weight for the trophogenic layer of 0 to 5 m. The maximum- value lies above 

100 g/m2 . 

STADELIWil (73) calculated from the particulate-nitrogen values 

(according to STI.Ti-11 (77)) the carbon content of the particulate materiul. 

Tnis curve is contained in the biomass/m2  curve. It may bc seen tlint tLe 

t,;:o  curies are  not identical; but in their course, and for particular ralues, 

they are comparable. 
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[il
Fi 39. Sauere-meter values of phytonle.nk ton (0- 5 ml,

phy i.oul,.ffcton fresn-z,^ei ^;ht, a /1,.2 (= biom F ) ( );
bio7_ass accordin;; to S T-ADiLt,_'AY;1? (1971) (Celculation
from P^Ï), g C/r,2 (= biom ïl) (---); Rotsee.

If the percentc.Ee i s calculated from the relation bet,,een fresh-

s•reight and carbon (from the PN values), the carbon values obtained from

the fresll-;qeigl :: are bett:-een 25 and 2F5;`^. It is true that only the Crypto-

phyceae maxima were eraluated, since for this group, due to the high KK

bet-een biomass and pwrticulate nitrogen, one may be sure to have used but

a relatively small portion of detritus erroneously. Accordin.- to

VOLLLi^1,11I]IDFZ (80), there is consideru.ble discreps.ncy in the indications

about the carbon content of phytonlan_.ton; it may vary bet-,reen 3 and 25;0.

The high value for the C content of oh-,Nrtoplankton fresîz-z^;eight from the

,Rotsee na,;, be ex-zlained, according to I^:ULLITi et al. (from ^IOLLEI,5iEIDEi. (80))

by the relatively small cell volumes of the plazititers.

Fig. 40 sho^•ls the saucre--meter values of zarticulate phosphorus.

In ur:inciple, this curve folloj'Ts that of particulate nitrogen or the cori-

,rersion to carbon, except for the July value where increased. particula.te

»ho;.phori.ls was detected in the tro:)ho,-;enic layer. This mi„iit be due to the

t-)rese.1CC of c rttlse r rnInicer of 1<.c.^rtri9 , and the presence

at the 5 m depth of to be described hereinafter

..
(see Fâ.^;s. .âj .^nd ô:^) .
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Table 16. K-Analysis to reference•parameter Particulate Nitrooen,
Rotsee.
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For the ss.ke of completeness, the K-Anal,y,sls of particulate nitro^en

(Tab].e 16) is shot':n. In the arrangement of the production parameters, it

essentially does not differ from that of the biomass. A very high KK exists

betT^!een ps.rticul.ate nitrogen and particulate phosphorus (more than 0.9 at

the Oto1mcenth).
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LI  Fig. 41.  Square-meter values (0-5 m) of particulate iron 
(mg of Fe/m2 , Rotsee. 

Table 17.  K-Analysis to reference parameter Particulate Iron 
Rotsee. 

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

nmely the biomass, there exist only extremely scarce relations, as the 

K-analysis of Table 17 shows; only at 0 m, a-KK to the Chlorophyceae may 

be detected. 

In the cours.e of the year, a particulateriron impoverishment of 

the trophogenic layer may be found. 
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Conclusions 

In the Rotsee plankton, the Cryptophyceee are predominant. From 

the.fect that practicelly no intact cells were found in the hypolimnion, 

one may conclude that a lere part of the cells were mineralized already 

in the epilimnion. 

The joining.  together of the KK relative to biomass results in en 

ecologically "meaningful" gradation. 

4.32 Ph7toplankton  in the Lake of Lucerne  

Based on the findin7,s of the last,chepter, regarding the assertive 

force of the determination of particulate nitrogen, and the feet that phyto-

plenkton in the Lake of Lucerne wes researched by STADE12'AlqN (73), and 

BLOESC (8), e. more detailed illustration mey be omitted in this connection. 

(467) 

f ;\ 
! \ 

\ 

U 	 5- 

I J 
1 

, F 	mAm, 	1 

Fig. 42. Square-meter velues of phytoolenkton biomass 
eccordin to SMELMAÏA:: (1971), g C/m2 , 0-15 m, 
Lake of Lucerne. 

To p-,et :;:cchlinted with the conditions regarding 1)iomess in the 

Lake of Lucerne,  Fis. 2 shàus the biorass curve calculated by STLDEL!';.[,1sh 

( 73) from the CH v:ilues, in the form of g C7m2 . In the planton, the 
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blue-green algae were predominant, that 1.s., 9ItscilIal-oriairUbescensalmost 

all year round, and in autumn Pseudanebaene_catenata, ,The:Dintomeae -were 

represented mainly by Flolari_crotonensis Tabellsrienestrate 

Cyclotella spp., and Diatoma_elongatum, Among the:flagelletes, -; Rhodomonns  

lacustris end Rhodomones lens„ Cryptomones .  ovata, AndCryntomones-erosa 

were present almost all yeer round, 

K-Anslysis 

Since the biomess values of the curve, taking_into.consideration 

one factor, correspond to those of particulete nitrogen,:the - p?rticUlate-

nitroen value (Table 18) may be used directly for the K-analysis. 

Over the whole trophogenic layer, there exist negative;M: - between 

particaUte nitrogen and the nutrients nitrate and phosphate. Here, - the 

production-determining role of the two nutrients moy be clçarly.seen...There 

is a close relationship between pa.rticulate nitroifen'and - ml,rilate - phos-

phorus, uith n KK of 0.82. Likewise, there exist significantccolzraa-tions 

between primary production and particulate nitrogen. The .reIat_ionshiP 

between biomass and bacteria will be shown in chanter  7,4, 

Table 18. K-Analysis to reference parameter 1)artiqulate Nitrogen, 
Lake of Lucerne. 



4.33 Primary-Production Measurement  

4.331 Daily Rhythm 

Each calculation of the primary production for a deterMi4Pd period 

of time, for instance for the yearly production, requires a conversion 

based on the hourly production. An essential prerequisite therefo •  is the  _ 

knowledge of the daily course of the primary production. The two inyesti7 

gations described hereinafter have only random character; nevertheless, 

for the investigated lakes, they serve to confirm the calculations of daily 

and yearly productions, and to evaluate the exposure methods applied. 

In the Rotsee (12 August, 1969), and in the Lake of Lucerne 	• 

(21 May, 1969), on a cloudless day, tests were carried out "in situ et loco" 

to answer the following questions: 

1. Which conversion factor must be used to determine the daily 

production from a measurement carried out between 10 A.M. and 2 T",M.? 

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

experiments identical with that of a long-term experiment? 

3. How does the daily-production curve proceed in comparison to 

the light curve? 

Methods 

The sampling depth in the Lake of Lucerne was 2.5 m, in the 

Rotsee 1 m. At the beginning of the experiment, 20 liters of lake water 

were filled into e bottle which was stored durinF the day at the collecting 

depth. This met the prerequisite that during the investigation, an in- 

variable pbytoplankton population be a'reilable 

Two series of bottles were formed.  At the beginning of the 

experiment, the first'series wvs mixed with 
14

C, nnd exnosed. J.Ifery hour, 

58. 
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two bottles each were withdrawn and evaluated. I-:ereinafter, this kind of

ex )osure will be called "lon -tinie" . From the second series, two bottles (469)

were filled each .iour from the 20-liter bottle, mixed with 14 C. and ex-posed

for one hour. This kind of exposure will be called "short--time".

L•;ith s. solarimeter, the number of calories striking one square

meter of lake surfa.ée was detez,`iined, and with the relative light measure-

ment (see Methods), taking into account a. 4•4% reflection at the lake surface,

the energy at the respective exvosure denth was calculated in kcal Der square

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

light utilization (m^ of Cfix/?'ca1 x m) .

Results

1. la're_ of Lucerne

Fig. 43 shows the su=ed•-up values of the "lcno--time" and "short-

tin.e" experir::ents. In the "long.-time" experiment, the daily total is

l4^ .9 racnD of C/r:3, in the "st.ort--ti,^e" exgerir^^ent, 139.7 m^; of C/m3, tliat

is, in the La'_->e of Lucerne, the daily total of the "short-time" experiments

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

error of the 14 C--r:easurement, for the 2.5 m depth step. The scattering of

the applied method is 3•-b`;^ ( SCrEuG (62)).

Fror:, the ascent of the i:T•ro curves, it may be seen that the hourly

increase in the "lon.-,-tii.ie" e1l)erii:ient is sub ject to considerable fluctu-

ations. Its minimum was only 2 mg of C/O, beti•*een 2 and 3 P.P,^.. According

to 01,1E (47') this rest pcr:iod is due to the inhibitory effect of mainly

eytrc:.cellalar acc-.,Ur:ul-wtion of assimilates, and to the lvck of turbulence.

O;:i (4i'^ ..z tl_<<t the vater turbulence, the

"^:1lSl._1.t1•^ CT îE Cv", 1 i of L(iCa.^i'•/C J1,mor. t,ance.. In the "sl,^)].'t-t•J.1T:e" experiment,

.th(:sC flactU£:tio'' - tÂo not OCCllr.
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Fig. 43. Summed-uà production rates of the "shortrtime" 
experiments (---) and the "long-time" experiments (r.7.) 
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Fig. 44.  "Short-time" priary-prouction measurements (7. 777,,, 
mg C/m3h, irradiation at 2.5 m (-- 	77:7) in kcal/m', 
relative light utilization ( 	- 	) in mg C/kcal x m 
Lake of Lucerne. 

(1i 7o) 

In Fig. 44, the "short-time" values of the primary production are 

Plotted against the available energy. Also the ouotient of the light uti-

lization is indicated as a curve. 

At a relatively làw liht intensity, in the morning between 9 end 

10 	a surpriEinly bih primary production sets in, with correspondin;ly 

high values of li ( It litili2,ation. At maximum light intcnsity, between 
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1 and 2 P.M., there is a minimum of hourly primary production, and the

minimum of the light utilization. This phenor._enon may be explained with

a li;;h t inhibâ.t ion. i_oi-;ever, it may also be due to the physiological

exhaustion of the nhotosynthesis apparatus (0^1_LE (47) ).

A second maximum of the primary production appears betz•;een 2 and

3 P.id., at decrewsi1lg light intensity in the exposure layer. Tov-ard evening,

the prir::ary production decreases aEain, in accordance with the decreasing

light intensity.

2. I2oi.see

On 12 August, 19:)9, the sec uence of the samplings in the Rotsee

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

out overlap,pin;;l,y for a half hour. (Immediately after the v^ithdrat•ral, the

sar;oles were filtered on the boat).

The results are ^ho-un in Fig.45. Between 7 andl0 A.Itii., there is

a very ra:oid as-cent of the hourly prilrary production values, which ends wo

in a plateau bett•reen 10 I:.I,,. and 1 P.I.'..

At highest liC1:t intensities, betWeen 12 P.M.-and 2 P.M., the

inhibitory ef f ect, already observed in the :Lake of Lucerne, appears, 1•.ith

a decrease in the hourly primary production by almost half. Likewise,

also the ascent of the pr-ir.-:wry production t•^a.s observed a[2o;ain, at decreasing

lii,ht intensities, in the afternoon.

The differences between the "short-tir.]e" experiments, shifted by

a half hour, sho;-:ed that the production may undergo considerable fluctt.te.•-

t:LOC]S Z:itllln ;_^_Orï iI'I"cC?"vals.

,•• r s^.., ^-cl: t,,^e cia:i_i •, - totals • ^IF y]. ICor.• t. i _. , .

ttsttnr tot^1., Sl,it.'i;lll ; i:.i. -t•'[:e hour 3F8 .1 mg of C/1:13

tt G ll'Jrv -t: at..l:`tt tOî .^, ;;l;i?-r t:LII`-- ü.Z: ti]e ha ].f -hour j71i . J IG 07 l:/;,13

nlOll. ; t'^ aU:'tt : 0,Urinj, the ;dI]ole day 3811-9 111., or,, C/i[I3
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Fi. 45.  Li';:ht irradiation  at  1m, in kcal/m2  ( 
utilization in mg of C/kcal x m ( 

), 
), Rotsee. 

Taking into account the many separate experiments, the "short .-time 

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

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

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

of exposure are again identical. - 

Fig. 46 shows the values of the irradiated energy of the exposure 

depth. The maximum irradiation, in time, coincides aF,ain with the observed 

inhibition of the primary production. This results in the least utilization 

of the irradiated 
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Conclusions 

The questions csked at the beginning may be answered as follows: 

1. The daily total of hourly experiments corresponds to the values 

of daily measurements, that is, the productivity for the same plankton 

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

for long-time and short-time experiments. 

2. Considerable daily fluctuations occur, which nay 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 liPht intensity at suboptimal exposure, 

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

the physioloP:ically optimal exposure exists only for a very short time in 

the course of the day. . 

4. If an exposure takes place between 10 A.M. and 2 P.M-, the 

conversion factor of the hourly production, for the Lake of Lucerne, lies 

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

the daily production, a value of about 10 is dbtained for the 2.5 m layer. 

This factor was used by STADELMPEI; (73) to calculate the daily production 

for the values per m2  of lake surface, that is, for the whole profile. 

For the Rotsee, this factor might be lower; at an average production . 

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

1 m layer. 	 • 

These volues bpply to the layer of maximum productivity. 

5. The exposure time of "Chours applied in this , research does not 

constitute the ideal. solution, since at the end of the  investi gation  period, 

it coincides with the lijlt-initibition period. Accordin to OHLE (47), there 
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is also an increased release of assimilates during these periods. 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. 

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

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

4.332. Primary Production in the Rotsee 

Fig. 47 shows the values of the primary production in space and 

time sequence. In view of the random character of the separate measure-

ments, a. real isouleth illustration was omitted. The figures indicated 

in the Table are the values measured in the clear bottle. The providing 

of a difference to the dark-values was omitted intentionally, since each 

incorporation of C atoms into organic substance contributes to an increase 

thereof. 

19 

_ 	_ . _ 
Fig. 47.  Primary-production rates (clear-values), mg of C im3h 

ass 
in the Rotsee. 

The uppermost layer of 0 to 2.5 m is the carrier of the physio- (473) 

logically "highly active" plankton population . In this layer, the bulk of 

the phytoplankton biomass is built up. The main ve2;etationa1 periods are 

in early spring, and to a lesser extent in the summer months. In January, 

1970, extreme  maxima are found under the ice. However, they show a very 

small verLical extension. 
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Table 19. K-!±na.lysis to reference pa.rameter Primary Production
(clear-values), Hotsee.
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The correlation a.nal.^Ls^.s (Table 19) shows high Iüt to the biomass,

to the dark-values (see Anpendix), to the PP and PH 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 al so a negative K

to airmuonitin.i may be observed. Furt.ler:;iore, a KK of 0.52 to dissolved iron

be detected.

QFf ^,'r Of. Q5 014
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Fig. 48 shows the assimilative performance below Lle of lake 	(474 

	

surface (calculated with "Profile" program). It shows a marked peak.  in 	• 

the spring of 1959, a smaller peak in the summer of 1969„ and another peak.  

in January, 1970. The quotient of maximum value by mean. value, which con-

stitutes a, measure for the course of the curve, reaches in January, 1970, 

a value of 7.6, that is, the layer of main productivity shows a law magni-

tude. For one-peak curves, this quotient is well suited for the lake cha-

racterization suggested by FIKIWEGG (16), with the vertical distribution 

of the primary production. 

4.333 Primary Production in the Lake of Lucerne 

Fig. 49 shows the space-time diagram of the primary  production 

clear-values in the Lake of Lucerne. A marked spring maximum is followed 

by a minimum in June and July, 1959, and another late-summer maximum. The 

layer of highest production generally lies at the 2.5 m depth. An isolated 

high value of 24.8 mg of C/m3h in August, 1959, at the 10 m depth, was found 

to be due to the presence of embedded Oscillatoria rubescens. 

The primary-production values lie higher than thOse indicated by 

COETER (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 sewage 

load, but rather to a deeper-reaching circulation. That these mixing depths 

in the Lake of Lucerne are subject to considerable fluctuations,  was  shown 

by MEijKL (4). 

GERLETTI (20) found that in the deep D.,1.:';o Maiore the turnover 

depth in each case pluyf., an imortnnt part in the production of the following 

• year . . 
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To draw direct conclusions with respect to trophic growth, a 

longer period of time would have to be taken into consideration. 

The K-Analysis  (Table 20) shows a very close interrelationship 

to the production parameters, especially a hiuh KK to the temperature, 

which indicates that in the Lake of Lucerne, the temperature plays an 

important part in the primary production. .Eegative KK exist to nitrate 

at 0 m, and to phosphate at all depths down to 5 mf  The primary production 

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

the 10 m depth. 
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5. Production in Relc:tion to De.,radation (475)

Mineralization is the brea^cdown of energy-rich chemical comnounds

to ener-y-poorer ones. This breakdoi:n may be a purely cliemical process, or

it may involve or-anisms (d.egra.dation) . In de;radation, pa:rt of the broken-

doz.rn material is used to build up secondary biomass of heterotrophic organ-

isms. The secondary biOmGss, generally, is smaller than the biom.a.ss formed

autotrophically. In.only slightly polluted lakes, this may be clearly seen

PAVONI (54)).

The heterotrophic biomass production may exceed the autotrophic

-biomass production only if larger arrounts of assimilable substrate of a1.-

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

Such an exemple was described by KUZI:EZOV and RO1Y1AKR:KO (37) for the da.mmed-

up Rybinsk lake.

In the nroduction biology of lakes, the detecting of relationships,

or the settinS of values, is possible only if the energy flow is followed,

not only to the built-uu organism (with energy-rich chemica.l compounds),

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

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

these processes, such as ox,y;en deficiency, CO2 accumulation etc.

The energy basis (substrate) for heterotrophie growth are energy-

rich organic compounds. These compounds may occur in a. lake in particulate

form as st<:.ndin,; crop and detritus, or in dissolved form as excretion or

utol;/sis products. For the planktonic bacterial flora, dissolved subs.Lrr:tes

are of prime imuortance. -
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Many investigetions have been devoted to the origin of dissolved 

organic components, and to their ecological importance (FOGG et al. (18), 

FAUSOLI (57), LELLEBUST (25), K,LEUA.JKO (43), and EOOD (29)). 

[1 
LI  

Table 20._ K-1nelysis to reference parameter Primary Production 
clesr-volues,  Lake  of Lucerne. 

According to FOGG et el. (18), plankters excrete organic acids which are (476 ) 

easily essimilsble for bacteria. For excretion products, such as glucose 

end acetate, 1:OBBIE end WRIGI:T (27) showed thet the assimilative rates are 

very hi .h.  In a body of water, only minute amounts of sugar, for example 

glucose, may actually be detected; -For amino acids, GOCKE (21) showed ex- 

perimentally, on bscterie-contsining end becterie-free cultures of Scenedesmus 

eudricaude thct in the bacteria-containing culture, substantially smaller 

enounts of free amino acids ere accumulated, so that even these occur in 

rulatively low concentrations. Fowever, there exist also lilore difficultly 

attackable cor:Ippunds, mainly hnmic ecide. 

In es;:ocition with '»articuUte '.?hosphoru:; and nitro,:en analyses .  

. 	 (73), also tho dissolved or;nic components thereof were determined. 

esteblish(d by 	 snd hEJ,r, 	(82). 
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Methodically, the determination of dissolved organic substances 

in lake water causes some difficulties. It is possible that the relatively 

high values resulted in part by the bursting of cells during filtration. 

This might be suspected particularly for the Rotsee, where about 1700 )Agil 

were found during the January, 1970, investigation. At that time, the 

planktonic population consisted mainly of flagellates, Rhodomonas, and 

Cryptomonas, which are known for their pressure-sensitive cell walls 

(VOLLELWEIDER (80)). A direct proof for losses was provided with the 

11 C-method by ARThUR et al. (S). however, the size of error depends on 

the kind of plankter; it is therefore inconstant. 

Figs. 50 and 51 show for  bath  lakes the dissolved organic nitrogen  

compounds  in the space-time diagram. 

According to SUDELKAHL (73), in the Bay of Eorw, except for the 

winter months, the particulate organic nitrogen outyeighs the dissolved 

organic nitrogen per 1 m2  of lake surface. In the Rotsee, in accordance 

with production figures, in January to April, 19 59, and 1970, particulate 

nitrogen is higher; during the other months, dissolved organic nitrogen 

is higher. However, in both lakes, the values of the discussed components 

lie in the same order of magnitude. 

Discussion  

In the absence of mineralization and rebuild-up, the dissolved 

organic substance would have to constitute the sum total of all the ex-

crction  and  autolysis products yielded during the stagnation. According 

to OFLE  (8), and.  measurements carried out by BLOESCH (verbal communication), 

only  a  minor portion of the avuilable primary production cen be collected 

in the sediment. If e large bioless, with correspondingly  large  excretion 
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and autolysis performance, is a.vailable in G lake, yet only low sedimenta-

tion rates and relatively loi-,, values. of orfrz,',anically dissolved substance

are found, these conditions may be interpreted only by an extremely rapid

mineralization end r.ecyclin ; of released or;anic substance (P?l,IWAJKQ (43) ).

If the pcc:.rtly hi^z excretory performance of the algae in the layer

of hi,-,hest -oroduction is taken into consideration, then even the dissolved

organic comnonents (dissolved orÛanic W and P) i•,Tould have to show consi-

derabl,r hi(;Iier differences in the vertical distribution. This is not the

case, and it therefore constitutes another indication for the capacity of

the bacterial DoPula.tion in the trotihogenie layer.

i5f )^l E^: . . .. . . ..^ . ., .c ... . ... S^

13G9M
A M J J n_.♦ O N D 19_^i f M

0 a)J i!F=c :ic .:: .•^ ^. '^i.. . :-^- .
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.._ :c. 5^G S.C .. ... ... 5i. .:.. J':

,. ._zi ny. ... : • Sec 77.. ..

N D 97pJ F

:\bb. Si). Gclt),t,•i- rrr„anischrr Stickstnlf, ul; \(l im Nitsc•e.

Fig. 50. Dissolved organic nitrogen, H of 1:/1 in the Rotsee.
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At first glance, it is disappointing that, in comparison to the 

bacterial counts, particularly the membrane-filter counts, no KK exist in 

the yearly cycle of either lake. Regarding plate counts, in the Rotsee, 

there is a relatively low KK of 0.58 to dissolved organic nitrogen. There 

are, of course, some exceptions, as, for instance, in October, 1969, when 

at high  membrane-filter counts, the dissolved organic nitrogen showed lowest 

values. 

A similar discrepancy between dissolved organic nitrogen and its 

utilization by bacteria is found in the marine field where, on an average, 

1 mg of Ciliter is available indssolved fOrm  (KALI E (33)). For the epi-

limnion in fresh water, these relatively high dissolved-organic-sdbstrate 

values may be explained as follows: 

According to T,.:Z111ANH (82), the bulk of the dissolved organic 

substance occurs as higher-molecular compounds, mainly as humic acids, 

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

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

mineralization. The relatively high values of dissolved organic substance (478) 

therefore are the "summed-1re difficultly attackable organic compounds. 

The bacterial population dbtains its substrate mainly from fresh 

organic substance, that is, from substance released directly by autolysis 

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

able organically dissolved level is reverted to. 

5.2 V.ornhploy  of Bacteria in the Open Water 

To internret microbiological processes occurrin in a lake rcrely 

on the U.'sis of chemiel measurements would be tantamoant to confoundin 

cause and effect. A prerequisite for the comprehension of dynamic relations 
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is the knowledc,e of the org.anisms which co-determine to a large extent the 

changes in the chemism of the biotope. Apart from the bacterial biomass, 

also the morphological picture is an "answer" of the bacterial flora to 

the substrate conditions. 

>- .21 Planktonic Be.cteria  

Yater, the natural habitat of microorganisms, is suboptimal for 

their nutrient requirements. The characteristic form of the allochthonous 

heterotrophic microflora, physiologically, is present in "waiting position" 

or, as Waksman (from JAKUSCH (32)) defined it, as " -waiting cells". These 

latently occurring bacteria which, so to say, metabolize on a "pilot flame", 

are also called "zymogenic", according to Winogradsky (from JAE-I:UCH (32)). 

The -copulation as a whole shows a huge ecological valency, that is, 

from a multiplicity of physiological groups, the one that owns the enzymatic 

equipment corresponding to the nutrient supply, is mobilized. wirilmila (83) 

designated this phenomenon as "socioloilical adaptation". The term "adaptation" 

is to be understood in relation to the biocoenosis as a whole. 

Most aquatic bacteria occur as free swimmers. Shape and structure . 

may vary considerably, depending on the nutrient su-oplY. 

1 

.1 
1 

C ._)201 	 forIrs Co  merbra.ne-filtc,r prepara,tion 
2.5 r% dont 	fr:a 1:,1:e of Lucerne (1"clnification about 
1`2,00 x, lAnse 
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(479) All the tymorrenic  (wrms  nre small, in the order of magnitude 

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

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

paration with zymogenic bacteria from the Lake of Lucerne. 

To.verify these minute forms, an April, 1957, sample from the 

Lake of Lucerne was examined under the electron microscome. The lake water 

was  fixed with 5% formol, diluted tenfold with membrane-filtered (0.1 )0 

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 membrane 

filters. At 18,000-fold. magnification (Fig. 54), one may recognize bacteria 

with sharply marked cell walls and slightly shrunk plasma bodies. The site 

of the particles is 0.3 - 0.4 U. 

Electron-microscopic examinations should form a constituent of an 

extensive morphological clarification about the variability of allochthonous 

bacterial flora in the headwaters. Such investigations on stalked bacteria 

were carried out by KIRSCH (25). 

A quite different picture was found in the Rotsee, where the bacterial 

density  was considerably higher than in the Lake of Lucerne (see chapter 5.31). 

In accordance with the higher substrate concentration, the separate cells are 

larger, and therefore more easily recognizable. 

By way of example, Fig. 55  shows a live photograph of the population 

existing on 17 january, 1970, from 0 m. Compered with the plankton density, 

the bacterial count is extremely high. It may be seen here how difficult it 

is to recohize the forms, since on1;! the smallest number.of the bacteria lie 

in one picture plane. 
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iEi:;. 53. 'L;jr.ior eni.c .:;ern:s (electron-^mi croscopic photo;raph,
^;cnerE1Lake of Lucerne, 0 m de_^th

(ma. ;nifice tion about 3000 x) .

mogf'niC «er:ns : Cocci forms (0-3 U), Izhe of Lucerne,
0 in de:'-t.1 ( electroTl--allcro ico-) lc phÔtoi;r2.ph,

taa.,;niJ.icr.tion abou, 1.^;^,000 a)
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55.  Live nhotoraln (normal water sample): 
The two planktonic flar:ellates are Chlamydomonas  
(20 Alength). Size of bacteria . 	/. 

, 17 ..-7 .anuer,7„ 1970, 0 m depth, Rotsee 
(magnification about COO x, phase contrast). 
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Fi'.  56. Live photograph: Filamentous bacterium (1) 
(Length up to over 50 	diameter 0.1-0.2 U). 
Lt the riht, spirilla ir forms (2) of very 'large spiral 
width Ir.ay be reconized. [pril, 1969, 2.5 m depth, 
Rotsec (Im.,gnification about 800 x, phase contrast). 

Fi.  57.  Live Di-:otorrph: spirillar forms 	from the epilimnion, 
April, 1959, 0 m depth, Rotsee (manification about 
1250 x, 	contrF.:7t). 
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In the Rotsee, extremely thin filamentous bacteria (diameter 

0.1-0.2 0 apPeared very often; at the same time, small accumulations 

of upirilla apPeared (Fie ,;. 56). however, in the epilimnion of the Rotsee, 

also larger spirilla appear (Fig. 57). The very long, thin forms occur 

also in the hypolyffinion, where the bacterial population reaches extremely 

high values (Fig. 58). 

Fig.  58.  Live Photoa-raph: Bacteria from the hypolimnion 
(14 m depth), April, 1969, Rotsee (magnification 
about 1000 x, phase contrast). 

5.22  Growth  Forms  

'Growth forms are associatiOns within which rather large organic 

or inorganic particles may be recognized::: Their occurrence may be site-

dependent. In lakes with lower substrate concentrations, growth particles 

are the result of deficiency conditions. The February, 1969, photograph 

from the 7-,ke of Lucerne (Fig. r59 is an example therefor. however, growth 

bodies are fomnd also in hill1;%," polluted waters, where bacteria settle 

down on  :.shed-in oranie particles. 

( )i 82 ) 



78.

[IO

Bacterial growth on phytopla.nkton may hardly be observed on

intact no-nulations; hot-rever, bacterial decon:nosition of phytoplankton

occurs after water bloom, and below the layer of maximum productivity.

Fig. 00 is from the totsee, at the 5 m depth, in Ya.rch, 1970. It shows

a, flarrellate cell on t-rhich mur.erous b-cteria have settled.

Fig. 59

P

Fig. 59. G=^-th particle on membrane-filter prenaration.
Febr-aa.ry, 19^9, 0 m denth, Lake of Lucerne
(magnification about 800 x, phase contrast.

Fig. 60. Bacterial decor_position of a, plan"-,.ter in the metalimnion.
P-_arclï, 1970, 5 m denth, Rotsee (maGnification about 1250 x,
:?:embrene--filter preroa.ra.tion, phase contrast).

5.23 Zoo^rloeae

Zoo.-loeae are cell associations Without groVrth core. Generally,

they are srecies'-cï.etez.nined. The occurrence of zoogloea.e is typical in

vaters of high substrate concentrat. ion, and in special environments, as

the exax,.-oles fro:r, the Rotsee show.

Fir. Si s-pecia.l zoogloea.l form from the Rotsee, beside

f9.lalrentous bacterial fo,-as.

Furt:-er zoo;;loeve from the ^Iotsee, such as `.rh:i.o-ocdia rosea.,

and 1.2:'l'.)ti=C:'`'t1. TJ; ^C?lif:rF1C1CC b;il1 be d1.scusse,d

later on (see chuter 5.24).
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.Also in the Lake of Lucerne, special kinds of zoogloece appeared 

occesionnlly. Fig. 22 shows the form Plunktom7:ces . bekefii Gimesi, described 

also by PLVOil (Cii, a stalked bacterium which may be observed relatively 

•often in the Lake of Lucerne. 	These star-forming, stalked bacteria are 

often mentioned, in a great variety of forms, in sea-bacteriological works 

(KRISS (34)). 

(483) 

Fir;. 51 

Fig. 51. Zoor:loeal form, membrane-filter preparation. 
• February, 1970, 5 m depth, Rotsee (mcgnification 

about 1000 x, phase contrast). 

Fig. 62. Planktomyces bekefii Gimesi, stalked, star-formin« 
bacterium, cell diameter 0.8-1 p„. September, 1959, 
7.5 m depth, Lake of Lucerne (Magnification about 
1500 x, phase contrast, membrane-filter preparation). 

52 24  Snecial Rotsee  Forms 

Thionedia rosea Winogredsky 

The most remarkable form among the hypolimnetic bacteria of the 

Ti-inogreds::y (LIIBER-PESTLOZZI (30)) (Fig. 63), 

Thiopedia_ belons to bLe Thiorhodacece. These  are phot .Dsynthetizing 

bacteria which fix ccrbon by utilizing hydro:J,en sulfide, thiosulfate or 

Rot see is Thioredii,  rpEci - 	— 
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molecular hydros,en as hydrogen donors. The CO2  fixation may take place 

over the Calvin cycle or other cerboxylation mechanisms (SCHUGEL (66)). 

npart from the CO2  fixation, carbon may also be assimilated in the form 

of strongly reduced ori,;anic compounds (fatty .acids (SCHTEGEL (67)). 

Thiopedia rose 	its yeerly curve: 	 • 

According to Utermehl (from alER-PESTALOZZI (30)), Thiopedia is 

highly microaerophilous. The space-time diagrem shown in Fig. 64 confirms 

this property. Apparent exceptions (A.pril, 1969, February and March, 1970), 

where Thiopedia eppeared in layers of higher oxygen contents, were due to 

the circulation of the water masses. 	 • 

The maximum  values "feel", so to speak, the border line between . 

oxygen and hydrogen sulfide all year round (shown in Fig. 64). Metabolic 

reçuirements for hydrogen sulfide as h-donor may explain the maximum oc-

currence in 1,_erch, 1969 )  at the 14 In depth, and in June, 1969, at the 7.5 m 

depth. From June to September, 1969, practically no Thiouedie  cells appeared 

in the hypolimnion. In Novehber, the autumn circulation started, which 

gave rise to an oxygen transfer to  the deep water and, thils, to the appear- - 

ance of Tbionedia.  A particularly interesting situation was found in 

December, 1969, when a circulation occurred almost over the whole water 

column. Eher:ing from the mud (according to Utennal from HUBER- 	(485) 

PESTALOZZI (30), Thiopedia occurs in lare numbers also in anaerobic mud); 

lare numbers of Thiotedie cells were brought up into the epilimnion, unto 

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

not occur, in that et the 5 m depth, a relative maximum appeared, which 

. reflects the pirsably optimal liht conditions at this depth. In December, 

over ti:c whole :a ter cglun, the oxyen ,,T, lues were losb. thnn 1 mg/1. 

r„ 
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This relcr_e^^cî t,.i: massive '1';-:io^,ec?9.c ,,:x•o^•rt2,;. In JanuLry, 1970, at the

very hif_:r, value of 13.1 mS/l, the absolute maximum groi-Ah

of Thiooedi< <rrec rec?., wit'r. 373, 000 cells/r-Lt. This ssmmle therefore got

colored. r.?^!crosconically with an intensive blue-red. One month later, in

rebrut ry, t1ne hydro;_en-sulfide content had fallen from 13.1 m,;/l to 1 mg/l,

which pointed to an intensive utili7ation of hydro.gen sulfide as hydrogen

donor.

û

F"I

o}. l'L':7.oneCi.ic^.: rosea: e?Ccui"4u1.2t].on of cells ûrren?;ed (484)
-- v in the lbr:;^ of Ule.tes (l.) . The colorin ; is

rel^.t7.vel,T :qC<^lC, and more Ir:ark,eCl only a t the cell

perip._ery. The çells are sliL-;iitl;t elliusoidal,
with e d.i,-^n:ete-r of 1.5-2 ü. In some cells, sulfur grains
may be observed in the polar caps.

In the center, there is an extrcmely large spirillar
fi)r1r1, Z•.'it_i two sulfur grains (2). Live prep8.ration

from the ià, ooli?:^I ior.. January, 1970, l4 m depth,
ltotsee (r;3^,;r^ii'.ic : tion about 1000 x, phase contrast).
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hi (485) Discussion  

M. 0 

Fig.  6I.  Thiouedia rosea, 10 3 cells/m4 Rotsee. 
Pale-gray sheding: oxygen content less than 1 mg/l. 
Dark-gray shading: Thiopedie  accumulations. 

14 The production values of the . C-measUrement at the 14 m depth 

reflect the aunearance of photomyxotrophic bacteria, such as Thiopedia and 

Lemorocystis  (see Figs. :55 and 66). Thus, in March and April, 1969, values 

of 4 -t;o 5 mg of C/m3h were found, and in January, February, and March, 1970, 

5 to 10 mg of C/m-h. In January, a semple taken from the 14 m depth, was 

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

It was then found thet 34.2 mg of C/m3h were incorporated in this sample; • 

this is 6 times the velue of the production taking place at the 14 m deuth. 

This allows to conclude that in the area of natural occurrence, at the ex-

tremely Weak light of the 14 m depth, the production far below the pro-

ductivity of the organisms. 

Auezing is the fact thet.Thiopedie rosee showed its maximum growth 

et the 14 m depth, where with the light-measuring means used, no more light 

Was detected. Apparently, Thiouedie:is sensitized to extremely low amounts 

of light According to SCHIZGEL (67'), the Thiorhodaceee are able to absorb, 

not only infrared light ,  but  with the aid of cerotenoids, also light in the 
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visible range between 1+00 and 600 nm; thus, they are capable of photo-- 

synthetic performance in the wave-length range of which the weak light of 

deeper layers consists. The green liE;ht (1% VG- 9 (= 525 nm)) generally 

penetrated deepest during the months in which hypolimnetic Thiopedia  maxima 

were Observed. 

It is not probable that these Thiopedia. maxima are due exclusiVely 

to the utilization of reduced organic compounds, that is, to heterotrophic 

growth. A corresponding sensitive in-situ light measurement would further 

clarify this point. 

If a. priority were to be set on the factors limiting the occurrence 

of Thionedia the hydrogen-sulfide content would have to be placed first. 

However, with respect to productivity, light in the green range is decisive. 

IzmProcvstis roseopersicina  

Fig. 65 shows the occurrence of Lamorocystis. Also this bacterium 

belongs to the Thiorhodaceae. Together with the Thionedia rosea  cells, also 

: massive growths of Lamprocystis roseonersicina  were observed (Fig. 65). 

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

Thionedia cells in June, 1969, 19,000 Lamprocystis cells/ml appeared. An-

other sm2ller growth was found in October, 1959, with 7800 cells/ml of 	(486) 

Lamprocystis,  at the 7.5 m depth. Simultaneously with -the massive growth 

of Thiopedia rosea in January, 1970, at the 14 m depth, 26,300 Lamorocystis 

cells/ml were found. This population shoved a considerable metabolic 

activity, which was evident from the very high primary production value 

of 10 mg of C/m3h. 	 • 
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Fig. 65. LY.mmroc,!stis roseo-oersicina: Tncoherent cell clusters (1)
beside ^^_^ J^ ' S11c:UcC. ar lol nercctions of 1111.o:;edia cells (2).
JGrn._t_ rr 14 m de^tr, rctsee;, 1970, (ra ;niîication about
1250 x, live preparation, phase contrast).
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Ciiromatil.tm dense -rarn.l].^tum SkujF? (ChrometiLLrn Linsba.ueri Gickhorn)

Fi;. shows this Chr):r.ai;il.lta snecxes described by SKUJh (7].).

tlccordinc^- to Sh.ija, it is extremely dii'I'ieult to distintuisi7 the two above

ar:entioned species; probably, they are even identical. The observed cells (11•87)
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were 12-15 Min length, end 6-8  p. in width. To judge from the granula, 

they corresponded to the Chromatium denserenulatum  mentioned by SKUJA. 

The color wns weak, end the contours eppenred only in the phase-contrast 

picture. 

Fig. 67. Chrometium dense.):renuletum Skuja. Length about 12 	(487) 
width about :DiU. April, 1969, 5 m depth, Rotsee 
(live photo'ïrenh, megnification about 1250 x, 
phase contrast). 

o 	_ 
- 	 0 	 0 	 0 

Fig. "A.  Chrometium denseiuTnulatum, cells/ml, Rotsee. 

The observed cells showed a rather marked small areola— The 

light-refractive amorphous little sPheres (CaCO 3 ) described by HUBER-

PEST:_LOZZI (30) were also detected. 

Fig. ';8 shows the socce-tfme dicgram for Chromatium—  Two maximum 

accumulations occurred in April, 1969, at the 2.5 m depth,  and  in July,  1969, 

at  the 5 m depth. 
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If one cor;r.?^res the a.noearance of Chroir.atium with the nitrite

concentrations (Fi,. 69) stated by ST.`^DELti^Idfd (73), one may see that the

two cell rsaxir.,co coincide with the eniliruzetic nitrite mFxima.. The nitrite

maximum was due to nit-rificrtion, since at the sa.me tire, high ammonium

concentrations existed. From this spa.ce-time conformity, one may presume_

that Chrc.n tiu?n dense^rGnulatum ,Dartalkes in the nitrification.
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2.0 1

cnèIt, }Je c^;ero'sin :l.e cells from the st^eeths may
be -eeri. 'r'uè,r,>.,^ry, 2; m de.-Ah, ïlc>tsee

(^88)
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Lentothrix Si). (cf. pseudovacuolata (Berfiliev) Dorff) 

- In the P,tsee, this Leptothrix  form appeared quite frequently. 

Fig. 70 shows a Leptothrix  filament. The lengths of these filaments varied 

considerably in the course of the year; thus, in April, 1969, they were 

very short, while vhen Id.th incrusted sheath (September and October, 1969), 

they reached greater.lenths. According to SKUJA (71), there are two diffe-

rent species, one appearing in spiral shape, the other one slightly bent. 

Ail the Leptothrix nseudovacuolata filaments observed in the Rotsee were 

straight. The cell size and number of pseudovacuoles may vary considerably. 

Trichomes without incrusted sheaths are between 1.5 and1..81.\ in width. 

Trichomes with incrusted sheaths showed fewer vacuoles than unsheathed 

trichomes. The vacuoles are always arranged axillarily. Compared to the (489) 

Leototbrix rseudo-n.cuolata  described by SKUjAl  the sheaths were surprisingly 

. small; generally, they were only twice the trichome width. The giant cells 

described by EUBER-PESTALOZZI (30) were not found. The incrustation with 

iron compounds was recognized only by the reddish-brown coloration of the 

sheaths. 

Fi..71. Lcmtothrjx /.-)Fcuclow:cuoli-Ito, 10
4 ILL thread length/ml, 

Rotsee. 	 without bn.ckets: Fiiaments without 
fi::urcs in brackets: filaments 

t.iith-incrusted s:leaths. 
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Fig. 71 shows the space-time diagram for Isentothrix pseudowcuolata  

in the Rotsee. In Ppril, there was a massive growth in the hypolimnion, 

4 
with a maximum of  3 x 10 u threed length/ml, at the 7.5 m depth. In the 

' 

spring, the slightly incrusted trichomes were predominant. The massive 

grauth in spring coincided with thet of Thiopedie roses. The spring cir-

culation caused a distribution throup±h the water column. The maximum was 

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

indications of HUBER-PESTP.LOZZI (30) who described an appearance of Lento-

thrix  in thamud, at low oxyc;en tension. 

A second hypolinnetic bloom occurred in September end October, 

1969, at the 14 end 7.5 m depths. This growth consisted exclusively  of  

forms with incrusted sheeths. The7: aoPeer only et low temperatures of 

less than 10 ° C; optimal growths occur at about 7 ° C. PAVO,NI (53) oeo 

described the eppearence of Leptothrix nseudovecuolata in winter and  in  

spring. LePtothrix may appeer in both oxmen-enriched and oxygen-defiçient 

zones. Thus, in April, 1969, at 0 m, and at en oxygen content oe 12 mdi, 

1.5 x lo m thread lenzth/m1 still were found. Interesting is the appearance 

of incrusted sheaths at low oxy.=en contents. 

Accordinp; to HUBER-PESTALOZZI ( 30), iron end manganese compounds 

are embedded in the sheaths. It was not possible to detect any clear 

relationship between particulate iron and the appearance of Lertothrix. 

Only the April, 1969, investigation might provide en indication, when the . 

particulate iron exceeded 100 m3/1 at simultaneous breaking up of the dis7 

solved iron. 
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I
Discussion

I'iS. 724) sY:oTes the distribution of particulate nitroi^;en in iso-

pleth il7.:zstrwtion. In the hyrolir:inion, there were extremely large amounts

of particulate nitro."en, the occurrence of which was l.ar"ely due to the

existinc-1. hypolirnetic bacteria.l flora. This hypothesis is confirmed by

the fact that pe.ra.llel to the appearance of T?â:io-oedia rosez, at 1^+ m denth,

in December, 1969, and January, 1970, there vi?a.s a considerable increase in

the narticulcte-nitroLen figures from 710 in I'.1otirember, 1969, to 1200 LLg/l

in Decem_ber, 1969, and to 1I1.00 ^1.t;1l in January, 1970.

It must be emnha sized that this particulate ni-i;ro<:ren is fixed by

or^;^nis;ns, and appears only to a. lesser extent as detritus. This state of

affairs will be further dealt with in the swrmarizin; discussion (see cI).7).

4) The isopleth illustration orit,inates from, ST:-.DLI1•:.AI^;N ( 7 3).
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5.3 Vertical and Seasonal Distribution of Bacteria  

OVERBECK (51) pointed to methods for the descriptive interpret-

ation of vertical profiles, which allowed him to make some essential 

statements on the dynamics of the substance cycle in the lake. 

In earlier research (SŒEGG and RUSCIIKE (65)), it was also attempted, 

from separate profiles of lakes of various trophicity degrees, to detect 

the dynamics of the substance cycle. Since separate Profiles always are 

a kind of snapshots, which may change again very rapidly, a joining together 

of these separate profiles, even subject to considerable differences, pro-

vides more declarative force for the course of the action. 

To cover mathematically the combinations of different isouleth (491) 

illustrations, the correlation analysis was carried out over the whole 

year, at each depth step. However, despite the advantages of the space-

time diagram, it is suitable to test various parameters on the vertical 

Profile (OVERBECK (51)). 

vo 	• z, 	 !e> 	 622 
........ 

Fi.  73.  1,embrane-filter bacteria, 104  cells/ml, Rotsee. 
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Rotsee  

Fig. 73 shows the space-time diagram of the membrane-filter 

• bacteria in the epilimnion from 0 to 5 m. The figures were between 600,000 

and 4,000,000 bacterial cells/ml of sample water. At the 14 m depth, the 

bacteria•3counts were between 1.7 and 8.3 million eells/ml. Thks indication i 

is representative for the hypolimnion. 

Maximum bacterial counts coincided with a large primary production, 

which may be seen both in the spring of 19:3-9, and in the winter and string  

of 1970. 

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

of usychrophilic and mesophilic microorganisms, there exists a temperature 

factor of 1.5 to 2.5 per 10 0 . This value anplies to pure cultures. In a 

biocoenosis (biological mud-clarifyinP: Plants), the temperature factor is 

considerably smaller (about 1.2 per 10 e 	t). This is explained by the 

"soeiological adaptation", in that relatively optimal conditions exist for 

the population selected in each case. However, size, nuMber, and conversion 

rate depend exclusively on the easily assimilable substrate available. It 

may be assumed that a similar plankton population, even at higher temperatures, 

would not show a substantial increase in the conversion rate and number, 

at unchanged substrate Supply.. 

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 that the maximum growth is generally found at the 0 m 

or 1 m depth. This is the zone of , high photosynthetic activity of  the  

phytoplankton. This distribution in the vertical profile confirms the 19(:)7 

findins (SCHEGO ( 33)). 
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K-Anal7sis 

At 0 m, the K-analyais (Table  21) shows a .  KK:e-'0437 with the 

plate figures, that is, one may speals about a constancy.of the ratio of _ 

membrane-filter counts to plate counts.: In a tic hi watar.body, the 	(492) 

K of the membrane-filter counts to  the  Plate counts is narrow ,. since a 

major portion of the zymoenic germs is aciapted to  the  higher. substrate 

1 	supply of the pour-plates. 

Table 21.  K-Analysis to reference parameter Membrane.7Fi1ter 
Bacteria, Rotsee, 
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At 0 m, there exist further KK of the membrane-filter counts 

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

. monas, and particulate nitrog.en. At the 1 m depth, only a correlation to 

PN end PP may be observed. Already at the 2.5 m depth, these relation-

ships to the production parameters do no longer exist.  The  fixed cor-

relation between phytoplankton and primary - production, as indicated by 

OVERBECK (49), must be modified, so that this relation applies mainly to 

the, layer of maximum production. 

Fig. 74 shows the plate counts in the space-time diagram. During 

the periods of main productivity, in the s-pring of 1969 and 1970, there 

were accumulations of the heterotrophic bacteria growing on tryptone- 	(493) 

glucose agar. With this method, only aerobic heterotronhic germs were 

determined. The measurements at the 14 m depth, in the hypolimnion, there-

fore provided higher values only where a minimum oxyg.en tension remained 

available. Such a minimum oxyi;en tension existed during the spring, 1969, 

and December,.19'69, circulations. The epilimnetic values coincided essen-

tially with the distribution of the membrane-filter counts (KK 0.87). 

The absolute  figures  were between 1500 and 56,800 cells/ml. 

The  order of magnitude of the heterotrophic bacteria determined 

on plates.differed but little from those determined by DUGGELI (14) on 

Heyden agar. however, the values cannot be compared directly with those 

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

K-Analvsis (Table 22) 

There exist more correlations between the plate counts and the 

production parameters than in the case of the membrane -filter counts, since 

a hig,her percenta i:e of heterotrophic germs are adapted to the enriched 

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



Table 22. K-Analysis to reference parameter Plate Counts, 
Rotsee. 
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particularly between the plate counts and particulate nitrogen, the biomass, 

cryptomonads, primary production, particulate phosphorus, and the nutrients 

phos:)hate and ammonium. At the 1 m depth, this pattern is obtained, in 

that the K to the cryptomonads and particulate phosphorus result higher. 

This points to the desradation processes taking Place in the layer of main 

• productivity. 

Ciliates (Fig. 75) 

Apart from zoonlankton (which, unfortunately, cannot be dealt with 

in this investigation), the ciliates are consumers of bacterial plankton 

(BUTTNER (60)). They are grouped as a whole. The most frequent forms 	(494)- 

 were Strombidium sp. and Cole-os  SD.).  Their appearance coincided, in 

space and time, with the bacterial maxima; agglomerations were found 

particularly in April, 1969, at the 1 m depth, and in January, 1970, from 

0 to 2.5 m depth. The first massive appearance reached ti maximum in Eay, 

19 9, while the bacteria and plankton populations had receded considerably. 

The distribution over the whole year rhowed the close interrelationshi be-

tween ciliates and p:rima.r -,y and  secondary biomass which serve them as food. 
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Fi r. 76) shows the s-paee--tirr:e cl,iü.;ram of the mernbrane-filter

ba.cteria.l counts from the Lake of Lucerne. The figures varied between

110,000 and 1.8 million cells/r.z7.. The .r are a"mirror image" of the plankton

^;ro^Jth, at the reF;etational start in Il.a.rch, 1969, a first maximw-a in May,

1969, and 4 second maximum in October, 19i9. The October, 1959, increase

pro_n4 ^;atec7. to dce:^er layers, do^':n to be1ow 15 m. This increase in the
1

nttal.ilc:llion c•Dincidcr t•:ith the }neta,7i_m--ieiic o_t.><̂ :.. .:n corlsur.̂ ;7tion illustraLed,

in i''.` t' ,^^1 end 1.' t,J.e 27.

:iL.Cn é! G,Y1'.'l'icc'.1 point of vieT•7, t^_e r7,ci,(?rit11 distribution (11-9)!

1)i)iri'!-•;; to tî e Of the Or.;l?T11.C ;'l1bSt^l.iicc. yielded in the trop :o
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A relative maximum arising at  the  10 m depth, in August, 1959, 

was caused by an embedding of Oscillatoria rubescens. 

Table 23.  K-Analysis to reference parameter Membrane-Filter 
Bacteria, Lake of Lucerne. 

For the membrane-filter bacteria (Table 23), the K-Analysis shows 

a close relationship to the production parameters, particularly a KK of 

0.85 between primary production and membrane -filter bacteria— At the 

2.5 m depth, the KK to the primary production is highest with 0.87. The 

parameters 2P and PN, which are representative for the biomass, correlate 

also significantly with the membrane-filter bacteria. Interesting is the 

high negative KK, existinp: over the whole epilimnion, between membrane-

filter bacteria and nitrate; in the maximum trophogenic layer, at the 

2.5.m depth, it is -0.94. A direct consequence of the bacterial presence 

is the oxygen consumption in the respective layer. At the 15 m depth, where 

the assimilative balance is negative, there exists a high negative KK bf  

-0.85 between membrane-filter bacteria and oxyen. 

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

filter bacteria may be . found; however, it is lower. 
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Fig. 77.  Plate counts, 10 cells/ml, Lake of Lucerne 

Teble 24. K-Analysis to reference uarameter Plate Counts, 
Lake of Lucerne. 

(496) 

The distribution of the plate counts (Fig. 77), the same as the 

distribution of the membrane-filter counts, reflects the two summer accu-

mulations of ormnic substance bY phytoulankton, and a receding during the - 

autumn circulation and the winter  sta gnation. 

The K-anslysis betucen plate counts (Table 24) end investigated 

values, the same as in the case of the membrane-filter bacteria, shows a 

close relationship betvecn becterial flora and Production parameters. 

Particularly remarkable is a KK of 0.82 to the primary production at 0 m, 

and of 0.73 at no 2.5 in depth. 
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Conclusions

1. The space-time distribution of the b^cteria is larrgel.,y in con-

4_with that of the phytoplankton, that is, the yielded organic material

brinrrs about hi^:her ba.cterirl counts at the site of its build-up.

It ir.a.y be deduced therefrom that under natural conditions, the

material released by excretion and a.utolysis is broken down immediately.

These find.in;s are identical with those of OITEBBECK (49, 50).

2. If tiie KY. are graded, the folloti•ring bacterial picture is ob-

tained in the layer of main productivity:

-Bacteria

Primary production

(497)

`%
Biomass

.
41
Particulate-P and -N contents

^A B,,cteriz..l Counts and Primary Production

An earlier renort (SCiZGCt (ô3) ) showed data. on the relationship

between primary production and bacterial counts for the two inrresti-,ated

la-kes. The curves shown hereinafter are intended, for one thin„ as a sup-

plement and co.nUletion and, for another -tl-:inu, as elucidation of the relation-

ships described with the KK.

In both lakes, for the depths that showed maximum values for the

nri-nar^r production (in the Rotsee, 0 m, and in the Lake of Lucerne, 2.5 in),

the membrane-filter bacterial counts were plotted against the biomass and

the prin;a r,y nrodiction.

J.^i;;. 7' shows the ralues from the Roa.;see. The curves of the three

,i.z=.raineters are lar-e,..^̂ r na.r,:l-^. ^lel. Deviations are found in July, 19^9, and

in 1;:arch, .1970, t,:here Lhe bioti:a_ss shows a. diff'erE.•nt curve sht::pe.
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Fig. 78.  (----) membrane-filter counts, 10
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(----) primary production, clear, mg C assim3he  . (----) biomass phytoplankton, 
0 m depth, Rotsee. 

The analogous illustration from the Lake of Lucerne (Fig. 79) 

'2 

i 

• 'shows basically the same common course of the curves. In accordance with 

the plankton curve, there are two maxima, the first one in spring, and -the 

• second in late summer. The same observation of two maxima in the bacterial 

curve was made also by other authors, such as DEUFEL (11), OVERBECK (49), 

and. POTAELKO (55) . . Also' in the Lake of Lucerne,S divergence between the 

biomass curve and the two other curveS may be found in May, 1969. 

/A! 	H 

- be- 17 

ID- 51- trr 

(yr,.. 	co- 	ri 

re- 	tr. 	 r,  

• 1 	• 	D 	I 

Fi. 79.  2,:embrne-filter counts, primary production, clear, 
biomisc ph' toplk-nl:ton, Lee of Lucerne, 2.5 m depth 
(for'explanations see Fig. Ï8). 

, 	 I.. 	 A 	 A. 

(1+98) 



Discussion  

In the leyer of mnin productivity, the correlation bebireen 

primary production end bacterial counts is closer than the relation Of 

the bacteria to the available biomes. This result points to the faCt 

that the current excretion of a plankton population  ha s an impôrtant 

slibstrate-forming effect. These findings are in conformity 'with those 

reported previously (SŒEGG (63)). 

The - fact that the bacterial population rets very rabidly to 

the prinary-production performance in the layer of main Productivity, 

points to relatively short generation times of the bacterial Population. 

KUMEZOV et el. (37)  report on the determination of generation times. In 

the dammed-up Rybinsk Iake, KŒNEZOV et al. (37) found. values for generatiOn 

, times of between 10 and 110 hours. According to the author's Own . investi- 

- - gations .(SCHEGG (62)), in the Lake of Lucerne, a generation time  of  20 to 

30 hours. may be expected in the epilimnetic range, while in the Rotsee, 

these figures are somewhat lower, that is, between 6 and 20 hours. 

The generation times were determined according to a method where 

the water was exposed filtered (5 l‘) and unfiltered for a certain time 

"In situ et loco", during which time the bacterial population was observed 

KUMEZOV (36)). In part, these investigations are subject to . discrepanees, 

since for a bacterial population, the conditions in a bottle éhnnge rather 

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

corresponds to the step from a "momentary flow culture" to a "batch culture". 

Eevertheless, the orders of magnitude of the generation times, from  saine 

 hours to some days, might be in accordance with reality. '  This bacterial 

growth rate exceeds the groTe:th rate of other organisms in the lake; how-

ever, it is far below that of a pure bacterial culture under  optimal  con-

ditions. 	 • 
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This shows a. very es:;enL-ia.l fs:ct, that is, although the biological

processes occurring in e lake follow the known nur.e-culture growth curve

with larr, log, stationary, and dying phases, bacteriological growth in

natural waters is constantly limited by various factors, and optimal growth

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

of vhich no longer shows an exponenti2.l, but a more or less linear course-.

The concentration of the respective limiting factor is always below that

of the half--maximum growth, which may explain the. extremely differentiated

and zoapid "response" of the bacterial population to changes in the substrate.

^.5 Bacterial Counts and Degree of Troohicit.y

TI':CED;EI f_I',Al ('(B; used the oxy^en 'content to characterize a body of

s•;ater. r'e thus introduced the results of heterotrophic breakdo-^-rn of organic

substance, namely the ox.ygen consumntion, as criterion. It will now be

-a.ttempted to establish a trophicity classification, also in relation to

the cause of the oxygen consu.mption, namely the bacterial population.

In the epilirnetic range of the trophogenic layer, the oxygen

consumption is overla:yaped by the autotrophic production, so that it is

difficult to show a direct relationship betv;eén oxygen consumption and

bacterial population.

Table 25 shoT-,,s the total bacterial counts (determined with the

membrane-filter method) from different la.kes. These are figures from

various authors, obtained from comi)letely different waters. Nevertheless,

v,â.thin wide :Liriits, it is possible to establish a trophicity scale.

Since n,,,mber and ccz:.-)ositic•n of the bacterial. population are the

effect of the availc.ble .;ubstx•..te, it is more appro•nriate to use the real

i-)roduct-ion parca.,;.eters for la^:es that are not ex cessivel;•, loaded with
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allochthonouà material, to charaCterize the ti'Ophidity; L.enee; th è present 

- 
compilation is to be understood Môre aS à ,§U -iey 6f  the total bâceriai 

. 	 • . 	 _ 	_ 
counts to be expected in waters of different trophieity gradatiOnS. 

._.., 	- _ 
Fig. Po.  Oxygen (mg of 0,_,/r and hydrogen sulfide (mg of S/1) 

in the liotsee4 ePale  shading: 100Ç4 saturation
, . 

dark shading = 150 saturation. L7. -drogen sulfide is 
indicated at 14 m.(Eccording to STI,DE11:i-I 1971). 

5.6 The "Short-Circuited Cycle" 	 (501) 

The term "short-circuited cycle" Was éreated.by oEu (45): It 

means the intrabiocoenotic cycle of substances involved in the preduction 

of the trophogenic layer. onLE (45) prcr!ed the relationships 'eperimentally, 

mainly by means of sedimentation Measurements. his investigations are the 

starting . point for a better comprehension of the substance cycle, particu-

larly those of the epilimnion. 

5..61 02„-en • 	 • 

The oxygen conditions in the epilimnion are the'result of various 

processes: 
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1. Exchange at the interface or water and atmosphere. 

2. Photosynthetic excretion of oxygen by phytoplankton. 

3. All  hinds of respiration processes and chemical oxidations. 

• The oxygen content reflects the balsnce of the multinle gas-

exchange processes. Only in very psrticular situations, they allow to 

make direct Predictions regarding processes occurring in the lake. Such 

a situation appeared in December, 1969, (Fig. 	in the Rotsee, when due 

to a circulation down to the hypolimnion, the oxygen content fell, even in 

the uppermost water layer, to less than 1 mg/i. Soon afterwards, the lake 

was ice-covered, which eliminated the diffusion between atmosphere and 

water. Hence, the oxygen content determined in January, 1970, under the 

ice, is the result of assimilation and respiration Processes. The order 

of magnitude of the assimilation processes may be calculated on the basis 

•of the 
14C-measurements. 

-This allows to estimate the respiration processes. They result 

in the following -values: 

oxygen content on 3 December, 1959 	28.7 mg of 02/m
2 • 

oxygen content on 15 January, 1970 	376.7 mg of 02/
111
2 

oxygen increase in the coilimnion (0-5 m) 348 mg of 02/m
2 

This value constitutes the net oxygen increase. 

On 15 January, 1970, the photosynthesis performance was 172.2 mg, 

, 2 
of C/m h. This corresponds to a. daily 	production of about 2400 mg of 02/m2  

(conversion factor to daily production according to chapter )-i- .331 = 8).. 

According to ST=1-P;IELS0N (75), the respiratory intensity is 

assumed to be :bout 10:, of the optimal photosynthesis. Of the about 2400 mg 

of  O2/m, about 500 mg of oXygen-(day and night) must be deducted as phyto-

plankton respiration. The remaining net oxygen production is 1900 mg of  
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02/m  x day. This daily value is 5.5 times the value determined by accu-

mulation during the whole month! There exists'here Obviously a very large 

oxygen deficit. This may be explained in two manners: 

1. by purely chemical oxidation processes, and 	 • 

. 	2.• by bacterial respiration of the yielded organic substance. 

Assuming that the Purely chemical oxidation processes constitute 

half of the oxygen consumption,  the ré  results a value of about 850 mg of  

i 2 x day for the oxygen utilizati 02 m 	 on of the bacteria. At a bacterial 

12 / 2 population  of 9.17 x 10 bacterial cells/m there results an hourly 

-12 respiratory intensity of about 4 x 10 	mg of 02/cell and hour. This 

value is in good conformity with that of. KŒPEZOV (36) of-6 x 10-12 mg of 

02  /cell and hour. 

(502) 

KUZUEZOV ( 36) states that in lakes with low humic-acid.content, 

the purely Chemical oxidation processes.constitute an Unimportant per-

centage..:On the - other hand,. research work carried out by BREHM (9) and 

GOCKE (21) showed that . a major portion is released by -ourely chemical de-

'composition. The value of 50% of purely chemical processes,- 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 

consumption of about 7.5 x 10-12 mg of glucose/cell and hour. 

When searching for the correlations to the oxygen content in the ' 

Rotsee (Table 26), one finds that only few parameters are directly dependent 

on oxygen. A partial circulation in December, 1969, brouc:nt about a change 

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

affected  th  b oxygen content also during the . following months. It is ex-

pressed also by the negative KK to phosphate and ammonium which, likewise, 
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owed their yearly course nninly to the hydrological situation. Eence, 

this falsifies a K. Observation over the whole year. 

This example points to the limited declarative force of the 

correlttion Observations. 	 • 

In the Ial:c of Lucerne  (Fig. 81), the epilimnetic oxygen contents 

coincided in time with the periods of main productivity. A maximum of 14 mg 

of 02  /1 . :in August, .3:99, at the 10 m depth, was due to an embedding of _ 

Oscillatoria rubescens. 

Although a slight increase in the bacterial counts was detected 

in the vertical profile, it was relatively small. It is possible that 	(504) 

Oscillatoria rlibescens causes a temporary inhibition of the bacterial growth. 

.In October, 1969, there was a marked oxygen consumption from the 7.5 m depth 

downward; this change was seen also in the vertical profile of the bacteria, 

in that .5.11 October, .1969, the hiffhest values of bacterial growth were found, 

and also Lich figures occurred don to  15 m dppth. 

For the Lal:c of  Lucerne, the K-Anblvsis of oxygen (Table 27) shows •;, 

a basically diffcrent picture tlian for the Rotsee. In the Lake of Lucerne, 



P^;. 81, Oxygen of the Bay of i^:orc', (mg of 0211) ._ -;
Pale sha.&ingr = 10-D;, sa.taration)
dar_•, shading = 150;^; saturation,
(according to 1971) .

Table 27. K-Analysis 1:o reference rararae'ter Oxygen,
Lake of Lucerne.
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the oxygen Content is exclusively production-dependent. Fowever, this 

relationship is not quite ts close as it mig.ht be expected; the production 

parameter orrelate between Oit5 and 0.8. Phis may be exulained by the 

fact that the changes in the oxygen content are caused by a change in the 

Conversion rate of oxygen. 

As Shown in the previous observations, the oxygen content existing 

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

Conversion. In the calculated example, an oxygen atom is converted up to 

ten times daily in the "short-circuited cycle". Each change in the oxygen 

Content means that the eCosystem, temporarily, performs more on the pro-

duétion Side than On thé degradation side, or vice versa. An important 

objeCtion which might le raised against these reflections is the fact that, 

despite relatively high bacterial counts in the hypoldmnion of oligo- .. 

besôtrophic lakes, one cannot find a higher oxygen consumption. However, 

this bight be explained by the fact that the bacterial population shows 

in eeeh layer the activity and conversion rate corresponding to the sub- 

strate supply, that in deeper layers therefore, the conversion rate of the 

bacterial activity decreases. It Is therefore possible, already from the 

oxygen curve  and the formation of metalimnetic oxygen  minima  (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 CO2 
values in the water might be calculated. 

, As 0.1:LE (48) showed, from the hypolimnetic CO2 
enrichment, and taking into 

consideration the sedimentation rates, it is possible to rake statements 

• about the production and its degrac:iation. 



Conclusions  

The oxygen content existing at the*ti.me being stetes little about 

the processes going on constantly; 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 qualitative 

changes in the substance metabolism. Quantiti,tive conversion rates can 

be calculated only on thé basis of biological-production figures. 

109. 

5 .62  :Nitrogen and  Phosphorus 

ST.P_DELMANT; (73, on the basis of detailed measurements regarding 

the nitrogen balance of the two investigated lakes (taking into account 

the naturel supply, supply by sewage waters, supply from the atmosphere, 

consumptiOn of dissolved nitrogen compounds during stagnation, losses by 

sedimentation, and on the basis of production measurements) arrives at the 

• • following results: 

Lake of Lucerne: f505) 

Primary production 

Externel supply end consumption 

Supplied by short-circuited cycle 

Rotsee: 

Primaryproduction 

External supply and consumption 

Supplied by short-circuited cycle 

58.7 g of E/m2 

 19.9 g of
2 

38.3 g of L/m2  

66.9 g of Wim 

36.9 g of N/m2 

 30-40 g of N/M2  

According to these values, which apply to the average of the 

stagnation period, in both lakes• about 60';!) of the nitrogen were supplied 

by the "intrLbiocoenotic cycle". 

Lem effective the "short-circuited cycle" may be in extreme situa-

tions, may be seen from calculations from the. August, September, and October, 

• 19S9, investigations in the Rotsee (Table 28). 
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Table 28. C..leil].^ticn of the "short-circuitecl. cycle" regerding
__._-•___'_fïÿ.- .•

'2-n e -> lrn lue„^. c a:^ 1 .̂iot,n'enic Layern'itr^^c.z^ in the hee ln^l;v to the tre,;^ er

(0-5 m; , 1. rer^<.<<c.l co^.fficie.lt (accordin:_^; to ST:!D^^.tl,,`:I:^: (73 ^)•

E -
`=",' TIC!` r: 7

_1C1c111,`:' ,?r1T:1 r. prou tC1.';1'0t

1-I. Aug. 1'n,l) 11. Sept. PRO) l(). ()Ict. 1001)

1TtV:Giïf
\'urh;:n l m r partiknl5rrr N 1,43 };;ml.l 1.,1^1 p;lm^ l,a•} g(m-

11, 21 1),3! I1,21
l: •

'l'nE;t - 1; /. 1:%% aclt.'.ICt'l 1y ih^l'\t QÇt' 0,31 {;•'ni- U,•Flu^;nr ILi7ihlm

\' :I . .\:nn^un-. Xiu'ite. \:u;ttp\ U.till)l;nr' u.>; gfnr' 0,01)t)g/11:=

On 10 October, 19,69, more than four times the a?r.o:.lnt of available

^=i

dissolved inor^anic nitroien •.•;as uti].ized as ^wrticulate nitrogen.

Çalculation of the hourly nitro;Ten con-version rate : By dividing

he daily inç^ c ase ( ^ 0 October, 19^9; by the ex^eriments.ll,;, determined

factor 8.0 (dail;; -procuction to hourly production), one obtains the amount

of nitroc-en con^rerted. -tDer hour. It was 47 m^ of L/m2. At a bacterial

poual<,.tion of 5,29 x 10 12 cells/m 2 , a nitrogen conversion of 8.9 x 10-12 nÛ

of E.,/bacteriu.^ :rd hour As dbt,^>ined.

Conclusions,

Di..rin-r these t.,ree dc.t,s of the su?rrcer sta2r.nation, the dail;T E

recliiremeni was met x_r<:cti.call,y co:r_pletel;j by tre "short-circuited cycle" .

This -we s seen also by the f^,::ct trpt'the decrease in the c.issol,red orEanic

nitror;en from 0.8 to 0.09 c of ^•Jm2, during the two months, corresoonded

to a daily d.ecrea se of 0.012 of F../m2. This :rs s 2-3;ti of the daily re-

auir.ement. l:ence, darin ; the sur;aaer months, when nutrients Were larc;ely'

exhausted, 90-•95';^ of the nutrients that served to m@:intcain and incr.ec!se

the phytoi?1,-n'-.ton pol,.,.l,"tion, were re;=,enera.tc'd from the "short-circuited

c;,,cle"-

Siliil..r values ,erc obtr^ined for the Lake of. I,ucerne. There,

, t. ^•-3 cl^i;;::.the a•rt•il:^bl_^ rissol^rc :ï _in^r:,r.ni.c ni.tr;,^cen \^au^ 2-3
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Phosphetes 

Based on investigations carried out in the Bay of Lorw, OKCETER 

(19) states that the phosphate requirement of the trophogenic layer is 

met, 11.1) to two thirds, bY the "short-circuited cycle". 

In the two investigated lakes, there was a marked phosphate con-

sumption in the summer, 'in that for three months, the phosphate contents 

were extremely low. During these months, a similar conversion rate must 

be expected for uhosphoras as calculated for nitrogen. 

Table 29.  Calculation of the "short-circuited cycle" regarding phosphorus 
in the Rotsee. 

(506 )  

1.1. \ng. l 000 	11. Sopt 1 ,10 1 	1(1 t lIst.1 ,16 , 1 

rt• 1 '11,s1,r,:,s 	 131 tusz 	 17•1 fug In2 	 173 	sn 2  
,. 
t•s t uat•II 	 NN 	 0.2: 	 0.37 

• rtnelz,re,:•%‘,.-ii. Is-Ng 	 33 lug. nt2 	 (t  ttt 	 4 ,1  mg tn2  

el,;■1;.ro i -u 	 •13 UtsZ in 2 	 1.: in  .n1 2 	 U U  iii - 

In Table 29, the phosphorus requirement per day is calculated for 

the investigation days on which the phosphate content in the Rotsee was low. 

On 14 August, 1969, somewhat less than the airailable dissolved phosphorus 

was incorporated as particulate phosuhorus, while on 11 September, 1969, 	• 

five times the amount, and on 10 October, 1969, twice the amount was required 

to form biomass. 

At an hourly increase of 8 mg of Pie , on 11 September, 1969, this 

results for the bacterial Population present of 3.52 x 1012  cens, in a 

conversion rate of 2.3 x 10
-12 

mg of P/bacterium and hour- These conversion 

rates per bacterial cell are to be considered as order-of-magnitude  values,  

and they apply to the specific case. 

a. 2 
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SUMMarV  

1.30th the available dissolved inorganic nitrogen and the dissolved _ 	_ 	 . 

phosphate are absolutely insufficient to maintain the primary production 

during the sugne,r stagnation. uring these summer months, the  available 

amount would be utilized within less ttgLn one day, The fact that, never 

theless, there was a relatiN'ely large phytoplankton population, can be ex-

plained only by the high QQveriç1 rates  of the  "P49rtrcircuited  cycle". 

It is possible that for the two components nitrogen and phosphorus, also 

allochthonous influençes play a part. However, 4-4 comparison to the spatial 

concatenation of the "short-eirçUited  cycle", these processes are extremely 

slow, so that for a daily production, this allochthonous influence may be 

disregarded. For the lake, they become fully effective only if the nutrients 

of these, generally -cuneiform, sources are distributed homogeneously over 

the lake. The balance calculations ce GeETER ( 19) for phosphorus, on the 

one han, and those of STADELMANN (73) for nitrogen,  on  the other hand, .for _ 

the Bay of horw, result in both cases  in  about two thirds of the supplementary 

supply of required dissolved nitrogen and phosphorus from the "shortrcircuited 

cycle". 

(507) 5..._t7  Sedimentation  Decradation and  Primary Production  _ 	. 	. 	 . 	_ 

• 	According to calculations by STADELMANN (73) from sedimentation _ 

measurements by BLOESCE (8), j..h the Lake of Lucerne only 8%, in the Rotsee 

about 30%, of the primary production  was  collected in the sediment below the 

trophogenic layer. These figures relate to the nitrogen components and the 

trophogcnic layer. By exhaustive sedimentation measurements carried out in 

Earth-German lakes, OnE (48) showed that only a small percentage of the 

biomass formed in the epilimnion settles compretely down to the bottom. 



113. 

It may be seen therefrom that also from sedimentation investigations, the 

existence and capacity of the "intrabiocoenotic cycle" may be demonstrated 

experimentally. However, also this case is only a balance observation, 

which does not take into account the amounts converted within the cycle. 

As shown for oxygen, phosphorus, and nitrogen, these amounts might be 

• substantially higher than the amounts that appear as balance. 

Another article on the phosphorus cycle, the primary production, 

and sedimentation rates from the same investigation series vill appear by 

BLOESCH (8). 

6. Experimental Investigations 

The relationship between bacteria and phytoplankton in the lake 

can be covered ohly deductively and descriptively. To investigate the 

complex system of a lake, in its interactions and, above all, their rates, 

experiments with standardized conditions and organisms are required. 

Kereinafter, two experimental series will be described; in the course 

of the first one, deviating from lake conditions, a pure culture of algae 

was used beside a mixed population of accompanying bacteria. Producer 

and consumer were facing each other, distributed in the same space. 

The idea underlying the second experimental series was  a separation 

of the tvo organism groups, in such a manner that they were not in im-

mediate contact with one another; while the interaction of their extra-

cellular activities remained intact. 



6.1 Fxneriment I

",

In association with investigations on nutrient-uptake kinetics

carried out by KRJ121Ei'rPC ER (35) on a non-bacteriafree culture of r•Iicro-

csTstis sp. (hlgothen Eë^e?AG, P.o. 167) Ml, the algal grov.th, as well as

the development of a mixed culture of accompanying bacteria, were observed.

One requisite was that in the present inorga.nic nutrient solution, the

ba.cteria, in fact, had no substrate available. In order to investigate

the nutrient-uptake rate, and the growth at different nutrient concentra-

tions, varying ratios of P:N amounts (as phosphate and nitrate) were added.

It was attemnted to answer the following questions:

1. Are the accompanying bacteria in any relation to the algal

culture?

2. Is there a rèlationship between bacterial and algal gros-th,

and how do the two growth curves proceed.?

6.11 I,`ethods (508)

Everything was carried out in a sterile manner. The Microcystis

culture was inoculated into an autoclaved P-free and P;-free stock solution,

and cultivated in a 2-liter G-20 glass flask, under permanent lighting

(fluorescence tubes, light intensity 6000 lux) , and aeration. The temperature

was at 24°C . Into this stock solution, nitrate and phosphate were intro-

duced at the indicated constant ratios, and•replaced daily to the startingL)

concentration, in the sense of a semi-continuous nutrient supply.

The algal-cell counts were determined in each case by counting

from iodeosine-stained membrane filters. The preparation °took place as

for membr^.ne filters for bacterial counts, as indicated in chapter 3•332.
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Comnared with the normal counting method of Utermbhl, this preparation 

has considerable advantages, in that the membrane filters may be produced 

currently, in illimited numbers, and stored until counting, and the cor-

restonding preparations are arailable even later on es proof. Moreover, 

counting on the membrane filter is extremely simple for uniform algal 

cultures. The germ oounts were determined according to the previously 

mentioned tour-plate method (see chapter 3.331). 

Z e 
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Ele . 82.  Growth curve of Microcystis sp. (106  ce11s/M1) (----), 
growth curve of bacteria (plate counts) (10°  cells/mi.) 
(---). 
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6.12 Res^.ilts and I:nternretation (509)

Fig. 82 shows the maximum-growth cur:es. It is interesting that

maximum ;ro-.:th occurred at a P:17, ratio of 1:10. This retio lay closest

to the 1:7.2 ratio (STMMs;_ (77)).

The cultures were observed up to the 16th da,y- after inoculation.

Initially, the bacterial culture showed a more rapid growth than the algal

culture. This changed at the beginning of the log phase of the algal culture.

Fig. 83 shows the growth cà.rtres at different nitrate contents and

a constant P content of 80 ^^Ag/l. In principle, the course of the algal-

groT-rth cul-.Tes was a1*.,rays about the sanie in the lag phase, up to the sixth

day, irrespective of the P:N ratio, while in the following log phase, the

different concentrations of the nutrient medium caused substantial differences

in the growth rates.

Fig. 84, right side, shows the bacterial-growth curves. Vigorous

growth of the bacterial culture started already in the la.g phase of the

algae. Between the 8th and the 10th days, when the algal cultures under-

t•rent the highest increase in cell numbers, an inhibition of the bacterial

growth occurred, which was the more marked, the lower the concentration of

the a•vGilable nitrate. I•;ith the flattening of the algul-grovth curves,

the bacterial grouth incre^^,sed again.

In the lag phase of the algae, the nutrient composition is not

limitary of the al€;a.l growth. I_ence, the excretory processes, compared

to the algal biorass, are relatively high. This statement :.,,as found con- (510)

firmed by the fact that the bacterial numbers increased more rapidly than

the algal popula_tion. In the middle of the log phase of the algsll culture

(bet,aeen the 8th and the 10th days), a. larGe portion of the subs^anees,
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Fig. 83.  Growth curves of Microcystia sp. and accompanying 
mixed bacterial population, at different P:P, ratios 
( -phosphate and nitrate) (ig)  in the nutrient solution. 
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Fig_. 84 

obviously, was converted intracellularly; growth became optimal in relation 

to the nutrient concentration; thus, growth was limited by the nutrient 

concentration. Despite increased algal numbers, excretion decreased. The 
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clear slovdown 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 substrate enrichment , 

caused a renewed growth of the bacterial numbers. 

A considerably more differentiated picture was Obtained at a 

.constant uhosphorus concentration of only 5 mil (Fig. 8 )4 ). 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:1‘, ratio s  of 5:400 and 5:100, was lacking betueen the 8th and the 

10th days. These growth conditions may be called a balanced system. How- 

ever, the bacterial-growth curve underwent a limitation from the 10th day 

on, by the complete utilization of phosphate (KRUMMEWACEER (35)). The two 

minima of the bacterial curves, up to P:N ratios of 5:400 and 5:100, 

between the 8th and the 10th days, are due to the same reason. 

(5u) 

6.13 Conclusions  

1. The findings give a cleerly positive answer to the first question, 

since a direct relationship between algal growth and bacterial population 

was demonstrated. Each bacterial growth was the result of a substrate en-

richment by the algal population, since no other organic material was avail-

able as energy basis for heterotrophic growth. ' A nutrient-denendent increase 

in the al!r,e1 p,rowth resulted in a substrate-dependent increase in the . 

bacterialig•o;Ith t.  Hence, optimal nutrient conditions had a direct and 
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indirect effect on the bacterial growth. The substrate release of the 

algal population depended on its physiological condition. At eoual 

physiological condition, the substrate release constituted approximately 

a linear function of the available biomass. 

2. The bacterial population "responds" with increased growth to 

. an increase and production of the algal population. The "response" of 

the bacterial population 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 substrate system. 

6.2 Experiment  II  

In the following physiological experiment in vitro, it was 

attempted to verify knowledge gained in the lake. A suitable means there-

for constituted the cultivation in coMmon of bacteria and algae, in such 

a manner that algal and bacterial cells were separated in space, while 

their extracellular mutual influencing was maintained. In contrast to 

the previous experiment, in this case, there ras opereted with a bacteria-

free culture of Chlamvdomonas sp. (Collection of Göttingen University) and 

a mixed bacterial culture from the Rotsee. The aim of the investigation 

was to answer the Question: 

By excretory processes, an algal culture releases organic com-

pounds into the environment. Hor much time does a C atom, incorporated 

in the alga, need until it appears in bacteria-enrichment cultures that 

proceed parallel? 



6.21 •Nethods 

As may be seen from Figs.. 85Er1d  66,.. thc--rc_ 	op-e:fft-dd: 	ii  

"Spinner" flask from the firm of Beledt-e  asr double-iculture 

sterile inoculation, the Chlemdomonag_Culture eas  grown fdr. tlil.:èe days, 

et permanent lighting, during which tiffie it was ghaken fdf id iililii&éé/houï; 

on an agitator. The light intensity v.-6S a«&511.t g000 Iuk, and thé 

ture in the thermostat-controlled room 20-21 °C. On  th e= third  da,'  26- it( 

_ 
CEall14CO

3 
in sterile solution was added to the cultures, and the cultures 

: 
were  allowed to grow for another three days under the preViously degcribed 

conditions. Ashutrient solution, the fficidified 7,8-solutiOn 

(according to STAUB (74) was  used Ôn the sixth days  the algal ôulture 

vas filtered off by means of a sterile eiltration ingtruments and i'àiàShed(5i2) 

twice with sterile Z8-solution (stérile-eiltration ingtrUMeht, Membran- 

filtergesellschaft, Göttingen SM 165 C). 

• The bacterial suspension WaS obtained AS follôwS Water from 

the 1 m depth . of the Rotsee was plate on tryptone-glüdoàé extraCt aar 

(Difco). After an incubation time Of elite days, 30 éolonieS i ere  in 

oculated into a tryptone-glucose extràét liquid. The SuSpénsion WaS 

•separated in each case by centrifuging(for 10 minutes at 20(50 r:p;m.); 

the bacterial sediment was rewashed With sterile Z-ÉoltitiOn, takén up  in  

Z-solution, and a culture chamber  of thé "Spinner" flask Wàà ihoéUlated (13) 

therewith.. Into  the other culture chaMber of the "Spinner" flask, the 

washed Chlamydomonas culture was introduced. As separatinà Membrane, a 

purely inorganic "Selas-Silver" membrane filter of 0.45 pore Vddth was 

used. 

The cell count of Chlamvdomonas was determined in the Uterehl 
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imTerted microscope, the ba.eterial counts on tr}ptone-glucose extract

a;ar, at dilutions of 10^5 to 10-8. In each case, three parallel platings

were carried out.

Measurement of the re.dioacti-re s&mples, on membrane filters as

indica.ted in c1hapter 3.3.
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6.22 Results a.nc Internretations

Each day, the cultures were examined microsconically, the algal

culture for cont^:m:ination by bacteria, the bacterial culture for algal

cells. No infections^:!ere ever found. 2Yloreover, samples from the algal

culture were plated on the same glucose-agar as the bacteria. Also in

these controls, no bacteria T.:ere found.

Test I(Fig. 87) was carried out for 20 days. The curves show

the following dynamics:

In this Test I, the algae were s•:ashed after the marking, and were

•further g=-,,n for one wee'•c in un^^.arked 7-solution; after one week, they.

Z,rere inoculated. In the first three days, the algal cell number doubled,

and between the 5th and the 10th days, there was "exponential" growth.

After a. sta.tion4ry phase of four days, - and •a total of 14 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 colla-,)se of the nopulation. Since no new culture solution

was ever added, it is uossible that the dying was due to the complete con-

su.n:Ution of a micronutrient.

By following the algal marking during this period of time, a

relatively ^rigorous excretion was determined, up to the third day, althoagh

the cell number rose. This.had an effect on the bacterial population, in

that the bacteria increased with respect to both cell number and 14C-m.ar:cing,.

SubseGuently, between the 5th and the 9th days, the algal marking rema.izled

almost constant, while the algal cells grew "logarittunically" . it nD.y be

concluded thereof that in this ;;roT•:th nha.se of the a].;;al population, the

excretory proce: ses were lo^r, an observation ?•rhich corresponds to that of
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Experiment I. The "response" of the bacterial population was a decrease 

in the cell number by the exhaustion of the substrate, and a stagnating 

marking. With the transition of the algal - population to the stationary 

phase, the bacterial Population started increasing, and this increase was 

particularly marked at the start of the autolysis processes of the algae. 

Parallel to the increase in the bacterial cell number proceeded the marking 

in the bacterial culture. This may be considered as proof that the baCteria 

obtained their substrate for the higher growth rate from the autolysis 

production. 

In order to explain more accurately the interesting phase between 

the first and the third days, during which the bacterial growth was due 

exclusively to excretorf processes, a second short-term test was carried 

out. The algal cells, after the washing-out of the I-C-bicarbonate- 	(515) 

containing solution, were inoculated directly into the culture jar. Fig.88 

shows that the excretory processes set in very rapidly. Particularly the 

algal culture, during the first two hours, released 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 reincorporation 

in the algae (after )4  hours). Seen absolutely, within the first 10 hours, 

30 cpsiml of algal suspension were excreted. During this interval, a sub-:- 

stantial increase occurred also in the bacterial population, with respect 

to both the uptake of marked organic material and the cell nuiliber. After 

the 12th hour, the system began to stabilize; the algal excretion diminished, 

and so did the assimilative rate of the bacterial population. It was seen 

that the /umber of bacteria, that is, their Growth rate, reacted very 

sensitively and mpidly to the changes in the algal population. In this 

sense also the decrease in the bacteriï, 1 counts, around the 20th hour, was 

to be understood. After the 2:5th hour, the effect of photosynthesis was 
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(514) 

eliminated by the darkening of the algal culture jar. Unto the 80th hour 

of the test, the algal cells decreased slightly, due to the interrupted 

supply of organic material, that is, the propagative rate of the algae 

was throttled. Simultaneously, there w as 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 nuffiber. 

6.23  Conclusions  

1. The Chlawdomonas  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. 

3. The mutual effect of different organisms brings about a behavior 

of the individual organisms which is completely different from that of pure-

culture conditions. In the balance, seen over a rather long period of time, 

these processes occur in the linear range. 
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7. Summ-̂ rizing Discussion

7.1 The .Tro„Y:o^enié Le.-i,rer

n

Taking into conside_r^):tion the high degrada.tive intensity of the

t.r.ophogenic ^layer, one ny:zst ^de,sis t from the strict division of a lake into

t`rophogenic end .trophalytiç layers. :? s "Fig. .89 shows, the troph.0lytic

"pxoçe.sse.s -exter_d over the whole ?)rofile. ..If these processes are balanced

aGainst one a:nother, ^he organic substance broken down in the trophogenic

1ay.ar, in _terms of _magnitude, _may be assumed to be `about. ô0 b( see page 111) .

On .the further sedimentation.path, ,another 20--3(Drpf is mineralized, and the

.remaining 5.~ 10;0 As -in"corporated into the per,ms.nent sediment .

-^Ca::ersed:nent

--=perm. sedim.

Trophol;;tic processes
-Tropholytisce .Wrgange. .

la^z Gcs.'rvrnc ).Aten

balancé rates

ca 60% t.s Tage

hours to days

,a,e
ca 20-30'1. US Morte

" -: days to months

c3 5-107. MOmte

months

"Fig. 89. "11:ode1" of a la'-:e.regarding tropholysis.
-The shaded arèa shows the- trophol,ytic processes
.in.relative Yalues, in the -vertical -profile.

Hoza-ever, for comprehension, it is important to evaluate both the

_balance -and "the rates of -these processes. In the trophogenic J.eyer, in

_terms of.magnitude,-the con«ersion rates may extend from hours to days

(.see page 110), while below the comnensation point, they are considerably

slot•.er. This is confirmed by the fact that in the metalimnion, the oxy;en

consumntion never reaches the values calculatcd for the tropl;ogenic layer

(the metalimnetic oxygren constum.z.)tion, durin[,,^ the summer sui -nation., was in
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• the order of magnitude of a few mg/1). The incorporation into the Per-

manent sediment also requires considerable time (01LE '48). 

As measurements from the polytrophic Rotsee showed, it is also 

possible for the hypolimnion to become one trophogenic layer. In the 

Rotsee, during the whole year, the available particulate nitrogen showed 

higher values in the hyiïolimnion than in the epilimnion (Fig. 75). As ' 

special investigations (5.25) showed, a large portion of this particulate 

nitrogen occurred as bacterial biomass. Moreover, this finding is con- 	(517) 

firmed by the measurement of the 
14CO2 

uptake per m
2 

below the tropho- 

genic layer. The average 14C-fixation by various carboxylating mechanisms 

(BACEOFEL (7), SCELEGEL (56), SOROKIK (72)) resulted in a value of 600 mg 

of C/m2 per day, which corresponds to a yearly production of 220 g of C/m
2 . 

The chemosynthetic and heterotrophic C-fixation which proceeds side by side 

with these processes, exceeds this value by a multiple. According to 

KUZLEZOV (37), this direct CO2-fixation, on an average, is only about 6% 

of the total build-up of heterotrophic biomass. This general value cannot 

be applied straight away to the present conditions. Eowever, even at 

14 
cautious assessment, the total production in the hypolimnion / C-measure- 

ment 220 g of C/m
2 
per year; should exceed consideralply that of the tropho-

genic layer (381 g of C /m
2 

and 182 deys, according to STADELMARN (73) ) . 
ESS 

For practical water proteciion, this results in the following 

conclusion: 

A lake may be considered as irreversibly damaged if the hypo-

limnion becomes one "trophogenic layer". Its restoration would then be 

conceivable only if, apart  1' rom the known rigorous  stoppage of the alloch-

thonous supply, clso the productivity of the hypolimnetic "trophogenic 

layer" could be restricted, for - instance by massive leading-off of the 

water from deeper layers. 



■mgtelic..2 
sofort 

- • — 

FaLrehOrb 

sofort 	rasch 
ext ,'' èrtè et, z 

SUBSTRAIANREICHERUN3 

- 

128. 

7.2 Model of Causative Interrelationship in the "Short-Circuited Cycle"  

On the basis of the quantitative-qualitative relations this in-

vestigation provided, a revision of the causative interrelationships in 

the "short-circuited cycle" is suggested. The diagram (Fig. 90) illustrates 

• this causative interrelationship as follows: 

allochlhonov: 

itangsam 

 	sun 
NAEHRSTUFAt,REICHERUNG raSch 

Ç.L12 u9dC. 

—1 au tccht hon 
rasch •rarh113 

BAKTERIELLE MINERAWISATION 

fflowelom 
oytopbrm,..m 

' 	 , 
tangsam s‘o \ity 

allochthonn.; 	 Sedmer..m.1 

Fig. 90.  "Model" of causative Interrelationship in  the 
 "short-circuited cycle". 

The autotrOphic phytoplankton builds up a determined biomass. 

This primary production, except for factors, such as temperature, depends 

mainly on the nutrient supply. VOLLENWEIDER (80), in the-OECD Report on 

the eutrouhication problem, writes the following: "It must be stated 

emphatically that the key to the eutrophication probem does not lie in 

the nutrient concentration, but in the nutrient supply". 

G..ACI.:TER (19) showed experimentally for phosphorus, as a nutrient,(518) 

that the constant addition of small amounts of phosphate releases a higher 

production than a single addition of a larger amount of phosphate. 

As in a commercial investigation, the business situation cannot be 

expressed merely by a balance sheet; rather, a profit and loss account must 

also be established, which is far more informative 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. 

Phytoplankton, essentially, builds up the organic carbon in a body 

of water. A certain part thereof is available to bacterial heterotrophic 

assimilation, either by autolysis or excretion. 

According to 0i,LE (verbal communication), the degradation of 

organic cell components may take place also in a purely chemical manner. 

Thus, it is possible that even more difficultly attackable compounds are 

made available to bacteria. 

The capability of the bacterial population depends on the substrate 

suoPly (EOBBIE and WRIGHT (28)). In Fig. 90, the substrate supply for 

bacteria is designated as "available carbon". This available carbon may 

be either of allochthonous origin or formed by phytoplanhton production. 

: From the available organic carbon compounds, the bacterial population re- 

leases nutrients by mineralization. These nutrients are again available 

to the phytoplankton for its production. This occurs so rapidly that during 

the summer months, it is hardly possible to detect the phosphates analytically,. 

while the phytoplankton population showed relatively high values with 

respect to both biomass and production. It was not possible to explain 

this exclusively by the influence of the allochthonous nutrient supply, 

since precisely during the stable summer stratification, the homogeneous 

distribution of allochthonous, generally punctiform inflows reauires very 

much time, and probably does not tyke place before the following turnover. 

In principle, the described relations are known. however, it is 

essential in this cycle to evaluate its rates and the availability of the 

comonents, that is, again in commercial terms, to produce proof of liouidity. 
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The process of nj.itrient L.dd.ition b^^ :l1cchthonoâs s•,tr-oly ma,- be

c^^lled slo:,. a'he =_.iitochtl_ono.is suppl;r of nutrients ori4inates from

mineralization, aossibl,i also from the activity of free enzymes, as

REICHi "',RDT et al. r58) showed for the particular case of phosphatase.

As the present research wor_s shows, this process, in space, is in closest

association with the zone in which the phytoplanlston is built up. Nutrients

that are mobilized in this manner, are far more rapidly available than

those from allochthonous supply.

Through bacterial mineralization, both nutrients and CO2 are

released rapidly. It is possible that in microstratifications of phyto-

plankton populations, at high photosynthesis, CO2 acts as a limiting factor

(KUEIiTZEL (38, 39)). If the population depended only on diffusion pro-

cesses, the supnlv of CO2 from the atmosphere, etc., then these CO2 minima

would have to be very much higher in the immediate cell surroundings. (519)

Through bacterial activity, CO2 is released, and is immediately available

to phytoplankton. According to various experimental irnTestig-ations, these

reflections ti-rould apnear to be rather obvious (LF:N.GE (40)). Another in-

dication is the vashin5 effect described by OELE (47).

I:owever, since these processes are microexchanges which, quanti-

tatively, be difficult to detect, the statements on a CO2 limitary

effect in a body of water, for the time being, must be interpreted with

some reservation.

The described causative relations apply to all involved in the

substance cycle, particularly to the respective limitary factor.

In various lakes, phosphoras plays this part (70LLEM-IEIDEIZ (80) ).

A nhospiiorus load in a lza;ce results in the qualitative relations shown in

F'i;s. 91 and 92. An allochthonous phosphate influx causes a higher production

0
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and, thus, an increase in the available carbon. however, this increases 

•the conversion rate in the "short-circuited cycle", and the level of the 

whole cycle is increased in the sense of a compoundinterest calculation 

(Fig. 91). Thus, the phosphate addition acts as initial factor and 

"catalst" for a much higher increase in the production. 

Fins.  91/92. "Model" 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 assimilable carbon. Under natural 

conditions,  this curve might proceed approximately linearly, since a mixed 

bacterial culture provides an approximately linear "response function" to 

a determined substrate supply (see page 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 qualitatively. 

In principle, the reflections made for phosphate apply to any 

growth-limiting factor, if it is involved in the bacterial metabolism. 

however, the increase in the level of available carbon may tei. e 

place 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 protection, it results rrQUI the described 

causative relations that, apart from "production-limit@4e factors, the 

assimilable carbon in the waters is of utmost importance, 

„ 

-lemmAPY 
te•••■■••9r701.P.C. 	 • 	 • , 	 . 

1. Physical, chemical and biological a- 	ts of a one-veztr cycle (1960-70) io the high eutrophie 	• 
• lbatsee and the ines(trophic Lake of Lucerne (I hewer 'lay) in Switzerland ‘s- ert.. ex.ainined. Atten-

tion was focus«I on the quantitative and to a more limited extent, qualit.etive determination of 
- 	the bacterial dora antl its ecological influence. 

2. Moni than thii ty individual • omponents m•e•t• determined  Ill  t•ach sample  (st • Tr. 528).. • 
Mathematical (linear correlation coefficients) and ecologi.••1 I correlations s‘tne sought during the 

• course Of the year and at various deplits. Two computer programs, adapted to lininological data, 
were developed to this end (se t• appendix). 	 . 

	

A series of causati\ e relations could be determined ma' homatieally thanks to this program. 	• 
. It is important to note that with regard to the biomass; n: l(ritsee. (Table  t 4 the following pa-

rameters in the lake appear tu  1, the most meaningfot L'ausidive concatination, t:cologically 
speaking, in this order le( correlations: b it , mass — single plankton form (predominant) — P and N 
particular content bacteria population. 

3. A detailed examination -was made of the phytoplanIcton population in the l(otsee. Ve•ry high 
values (fresh weight) cif over 3e) nigil were notet I in .\ pril 1969 and J  a attar ••• it•t70 (s;: (-  picture 37). 
The prevailing algal group was the cryptoinameles, with peaks in the ton dovelopment itt 

• the %Omer months (sec picturt• 33). 
4. Thc• maximum primary production values ("C-techniqu'e) for the l.ake  tif  I.ucerne in the  

. • summer lay  ni-  )U 	60 wig (.7 iii 3 11 and for the: Rot see in the ‘vin ter around 250 tog fii•rnall. Conceit- 
:. 	trated, overiappiiig expc•rinients ‘N - ere curried ont in situ rt.:, study the daily rhythm of primary 

. production. It w:is found •:;:u the total of the many short experiments corresponded -to the 
• results of a full-day experiment (see pictures 43 and 45i. 

5. INIost of the bacteria fount t in a water hotly appear in a suspended state. They  cousit  mainly 
. of small starved forms called 'zymogcnic germs'. -n e  qualitative clmi - :mia.tristics of the substrate 
• concentration and the trophic situation  .art be deduct  ;j from inorpt-itt.gy. •.\ uf‘‘•tielis colonies 	. 

• • and zoogloae were also noted. The following 	 Itypolimnic fo: itis were found in the Rot- 	. 
• set;: Thiopedia ro.■ ea (picture 	./.autprot:y.,tis rost•opersicint: (picture (i5), Chnnnalinnt dense- 

. 	granidalum tincture 67), 	 sp. linct iire 7 (t ). 
' 	6. High bacterial counts were deternmied :a the level, with maximum primary production • 

(pictures 47 and 73). In the Rotsee the unilimme bacteria! count (membrane-Pilter count) ,vas  . . 
• 5 • 10 5  to 4.4 • 1û  gerinsfinl, in the Lake  u  Lucerne 105  to 1.7 • 105  gerins/ml. 

• 7. An ascending series of bacterial counts (ME) ean be rintde with regard to the trophic level 
;. 	(Table 25). Put since the bmiteria population depends diret_tly on the substrate supply, it seems 
! 	• to be more meaningful to  use  i.roduction parameters for trophic characterization. 

8. Tabulations of special situations (foc example, ::Imost complete nutrient reduction) were 
! 	used as a basis to estimate turnover capacity in the in t ra inucenotic cycle. It was shown that indivi- 

dual nutritcrits revealed 4 to 5 intrabiocenotie cv.hs per clay (l'ables 2ti and 49). 	 •. 
9. Malting a distinction between a troph(n.•,•:i -tic and tropholvtic lrier is senseless because in- • 

tense tropholvtic processes occur in the trophogcnic layer (picture 89)... _ 	 • 
• The hypolimnion as \veil  cati become  one; tropliogenic layer' if photoaidiitrophic bacteTra--are 
predominant as in the Rotsee  (sec  pictures 63 and 72). 	 • 

• • 	10. In order to clarify the mutual influence  al  phytoplankton and bacteria on each other; two • 
C . .. • .test series were carried out in vitro, A mixed culture of both organism groups on the one hancl and • 

separate cultures, on the other hand, were set up. In the latter case berth cultures were separated 
by means of a membrane filter; however, extracclltilar influencing remained intact (pictures 85 
and 86). 	 • 

• - 	• • The follow•ing observations were m 	 • made: 	 . 	 • • -  
a) A nutrient-induced increase in algal growth brought about a substrate-induced increase in 

• • bacterial growth (picture 83). 
b) The bacteria population responded N . ery rapidly to the physiological behavicir of the algae 

(picture 88). 
c) 13acterial grou t 11 in a mixed system is basically different from that in a detincel substrate system. 

11. The  fi il 	Ing conclusions could  ltc  drawn on the basis of a synthesis of the results and their 
• evaluation through data processing (picture 90): . 	_ 	..... _ 

(521/2) 



RÉSUMÉ  

133. 

à) l'rintary production is not the direct result of a concentration at a particular tinte but of the 
turnover volume and velocity of the 'limiting factor'. 

b) The turnover velocity in an intrabiocenotie cycle depen(Is on the performance capacity of 
• the bacterial population, which, in turn, depends on the available quantity of substrate that 

can be assimilated. 
c) Besicles having a bearing on the turnover velocity in an intraltiocenotic cycle, an increase 

of assimilable carbon in the trophie layer leads to more effective utilization of nutrients and 
greatcr production (catalytic effect). 

• 12. For practical water pollution contrul it can be C011Cluded, on the basis of the causative 
relations mentioned, that not only th e  production limiting factors but. also the amount of assi-
milable carton for mixed bacterial population is of pivotal importance. 

'1. Un cycle d'un an (1969 à 1970) du Rotsee, un lac très eutrophe, et du lac des Quatre-Can- 
• tons (la baie de Ilorw), qui est mésotrophe, a été examiné du point de vue physique, chimique et 

biologique. L'accent a été mis sur la détérmination quantitative et - de façon plus restreinte - qua-
, , • litative de la flore bactérienne et son influence écologique. 
.• 	• 2. Plus de 30 constituants séparés ont été déterminés dans chaque échantillon. Des relations 

mathématiques (coefficient etc  correlat ion linéaire) et écologiques clans les diverses profondeurs ont 
•été examinées au cours de l'année. Deux programmes d'ordinateur adaptés à la limnologie ont été 

- mis au point à cette effet (voir l'appendice). 
Grâce à ce programme, une série dc relations causales a pu être calculée mathématiquement. 

Quant à la biomasse du Rotsee (tableau 14), il est important de constater que les paramètres sui-
: yards se sont révélés comme étant l'enchaînement écologique la plus évident clans la série des coi - ré-
: lations: biomasse - forme spécifique (dominante) du plancton - teneur en P et en N - population 
' 	. en bactéries. 

3. La population du phytoplanction du Rotsee a été minutieusement examinée. Les valeurs 
; très élevées (basées sur le poids de la matière fraîche) de plus de 30 ing/I ont été prélevées en avril 

1969 et en janvier 1970 (voir fig. 37). Les cryptomanades ont été prédominants, montrant des poussées 
de croissance en hiver (voir fig. 33). • 

'• • 	4 •  Des expériences intensives et se recoupant ont été effectuées in situ, afin d'étudier le ryth- 
• me quotidien de la production primaire. Le résultat de la somme des diverses expériences de courte 

durée est en accord avec ceux d'une expérience d'une journée entière (voir fig. 43 et 45). En été 
les valeurs maximales de la production primaire dans le lac des Quatre-Cantons se situaient autour 
de 60 mg C.In0 h, dans le Rotsee en hiver à environ 250 log Cima h. 

5. La plupart des bactéries-dans l'eau sont en suspension. Elles se trouvent sous forme rachi-
tique appelét• t bactérie zymogènes a. Les caractéristiques qualitatives de la concentration du 
substrat et de l'état trophique peuvent être déduit de la morphologie. Des colonies de s Aufwuchsù 
(miet•onrganismes qui poussent sur le substrat solide) et des zoogloeit ont également été observées. 

Les formes suivantes, caractéristiques du hypolimnion, ont été trouvées dans le Rotsee: Thin- 
ia rosea (fig. 63), Lantprocystis roscopersicina (fig. 65), C hromalium de nsegra Jurieu u in (fig. 67), 

. 	/..tpinthrix sp. (fig. 7 (1), 
6. Une densité de bactéries très élevée a été relevée dans les couches de production primaire 

• maximale (fig. 17 et 73 ) . Le comptage de Inietéries dans l'épilituniim chi Rot see et du lac des Quat re-
Cantons (filtre millipore) donnait de 5 • 10 6 à 4,4 • 10° bactéries/mlet 10 5  à 1,7 • 106  bactéries/ndres-
pectivement. 	 • 

. 	7. Une série ascendante de comptes de bactéries (filtre millipore) peut être mise au point pour 
calculer le degré d'eutrophisation (tableau  25). Mais comme la population des bactéries dépend 

. 	directement de la disponibilité de substrat il est évident que les paramètres de production soient 
utilisés pour eau  actériser l'état trophique. 

8. Des bilans de situations particulières (p ex. disparition quasi-totale de la matière nutritive) 
ont servi de base de calcul pour évaluer la vitesse de renouvellement dans un cycle intrabiocénoti-

- 	ques par jour (tableaux 2S et 29). 
• 9. 11 est inutile de ytniloir faire une distinction entre une ci ■ uche trophogène et une trophol y-

. tique, car des processus tropholytiques intenses de déroulent aussi dans la couche trophogène 
(fig. S )), 

•' 	. Ainsi l'hyoplitnnion peut devenir u ne couche trophogène homogène Si, comme dans le Rot- 
• see, les bactéries photoaututrophes prédominent (voir fig. 63 et 
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10. Pour étudier les influences réciproques des phytoplanctons et des bactéries deux séries
d'e:`péricnces unt ^tr cffertuirs in t•ltru, I1'unl• part une culturc mixte (les deux groupes ri'orqanis-
tncs, d'autre part des cultures séparées ont été prépurrvs. Dans le second cas les cultures ont été
Séparées par un filtre milllporc; les interactions extràccllulairc^ 's'ciut cepandant restées intactes
(fig. 85 et 86).

. Les observations suivante.,; ont été fiaites:
a) Une augmentation da la croissance d'algues, influencée par la matière nutritive, a prodttit une

augmentation dépendante du substrat et du taux croissance (les bactéries (fig. S3).

^ 1)_ Les bactéries ont réagi très rapidement au comportement physiologique (les algues (fig. 88).
c) L'accroiss::tnc:,t rlr•, Lrtct<nc, dans .lit 3^Stl`n1C mixte est lonrlamcnt,:!cntta t cliffércnt clc celui

(Fun svstènlt: 'le sul?^trat défini,

11. Les conclusions suivantes ont pli ètrc tirées grace à la :;t'nthèsv (ics resnltats et leur traite-
ruent par ordinateur (fi,. e)0);
a) La production primaire n'est Irts Il: résultat direct de la concentration du farteuriiiiiitantà nu

moment dunn._, mais bien (le -,ln toi Ohio et dit taux (lu son renourclluutcnt.
b) La vitesse de renuum•ollement dan., un r, rlr i;ltr.,hiuc^nuLique clépend <lu rt uclemcnt de la popu-

Iatlon des hal]LCrlt•s (lue, de son ci+tr• ;rpcn-'. ;•!a tlispnnil?ütté en sul,^tr;tt assimilable.
C) A part son intlucncc sur la ^ itc^ac rlt r! nu,. :i lucnt dans tilt cyclr intRat,i„céttotillln•, une ang-

tnentatüm dit carl;rrnc assimilable (Llu; l.. ,,.ahr trot I,i,luc polit ul.•nrr à unl: tuilisatiutt plus
efficace (le la lnatièn• nutritive, et ù ut:- i:r•, de Cilla! }•se).
12. liait le but de !,roti; l r Irs caue t.,, ,• i-• ,','th.irl,.1• > cctcttiun> du c:uls:tllté mmntiunnécs

plus hattt, eluc lion sdult•utrnt Ic. tactcur.; i! :: ..t la nrl,•l,tc• u„l, mai, ,,u;,i la quautitt: clc carbone
assimilable par la population l^nrai•ricl:;e. .::: ,unt tl•u:. importance primordiale.
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ell 	 1, 1 1 41 141.2110 1 12.4..li.M..12./.1.241 4. 11 
Nt. 
NZ • 2 

• . at • 
42 • 8 

3 	 A110  1 . 01 .04 

• 200411.5,5..211. 
1. 4 1.E.1.115911.2.6.1 

6 3 	 10 0 114 .0, 	 • 
111411.J....8 	 • 

• 11 	 1 04114 1  
.2.4J.1 

be 	 (0 0 11440 
IF 1,1111.11.42.111 5,1 1  

815 	 IF Ini....1.4.3.12.24....1.3.41.11......1.42....11 6.15 

206 	 NI 	ml 
IF 241.11.501 7,8 

1117 	 700..1 1.41 

III 	 10011?  ....... 6..0.1,1 ...... 
NI •  111,0  

• GO 10  Il  
eel 	74101 120. 
240 	 .4.000 11211.16.7.1i14-11 

Ill 	 P41.1 4i 

III 	 001441 fié,1.104251011mt,61./..1104421,4,Nry/ig...12. 
	 4011141,64.14,d1 

Nt • t 
II • 1 
12 • I 

III 	 It • 12 
01(041 110,16,011 11.1.1111.121 

81. 	 204111 12113.11 
GO  ID  I  

811 	 11 1.1.21.0.1117.42.E4.4.143.41......143...02.0 11.17 

816 
Il  • Ill? 
tr 212.11,11 GO 10 d5 
50 1 )  11 

61 2 	 11' 141.11.2.441.12...0.141...01.01 11.23 
tlà 	 02 • .40 

Or 	 ID IC Zu 
41 . 
N • J 
JO 14 1 • 2.1 
IF 12114.41.1210011 .41 11 It 

ell 	• • 1 
Ill 	 I? 1 0.61.11 JO IJ 26 

II 	 1 
17  I 7 
JECIls 120.22,441 11.1,1.1.121 

322 	 201111 111 10 . 4  
It 11...41 	 3 .:2 

12 1 	le 141.t3..1443.00.... 1.141.41 ..  3.1,144,04.00.6l  
fib 	 IL • 11.2 

12 • 1..2 
It 11 	 1..4.30.1241.1.$61 GO 11. 16 
• la :1 

11, 	 1 0 141  10.01.12. 00  
1 2 0 441 ..... tl , ...17. ,,  
ht • ..Z.1 
51 1J St 

022 	 FL • * 

01 	 I • 20. 
8211 	 Ft 	 1 1,1 .2.1.ftà-st1-411.F111.:1.111 

1, 4 

1G 	 41,1111)1 
03 1 I • 1.0 
IF 	 (0.41.4111111)11 '1 • 181 ...... 

029 	 (04 1421 
IF  01 .11.81 13,11 

218 	 JJ 	 I. 
53 	 12 

831 	 ,crrm 
étr 	 11 	 12.00.111  33.31 
831 	 P41 1 
Ill. 	 740 41 1.11,15.112.5,......2.1.11) 

• rr 18 
015 	 P , I41 lb 
4 16 	 /2 8441  1..t.1 00 155411.1,61,7m1LAC000,1 1 ,t,...4111..i44 

1 	 b. 	11114,,0..0.,7, 
14101 isoa.rtom.z.,,N 
NI • 3 
GO TJ 11 

GO 41 I 2 
412 	 1.2 • 

GO 11 3 
III CoNtinn 

INC 

5,14,11.  3( 5 • 	 • 	 • '. - 

I 1 ■ 41, st ...... 1.1.4,14 	 . 

C 	 1440,1064,3.?  14811.114 P. 1 31 .0 	 ... 

. . 	 . , 

52 • 11. 	 • 
.. . 

1.11 •2• 	 . 

51/ .. • 	 • • 	
. 	 . 	 . 

. 011.4. 	 • 	
. 	

. 	 . 	 . . 

13 1 5.1,4 	 . 	 . . . 

• • 	 .. • 0 00 51 1  0101 	 • 	 . 	. 
• Ill • 141 . 1141.1ml 	 • 	 . 

STY . 111 . 1 IM/ • .n 	 • 1 	
.• 

I 	S. • 5s. • 1.141.141 	 . 

5l1.11.-152.5112141315..110141,14, 	 • 

• 1114.511. 1St. 111 71 0 11 1511-11.1.1/1,141 	 . 	 • 

141.1,14-2.00111,101 	
. 

11.451,4M 	
.  

POINT le ..... Ott 
18 	 01,0111110  01200044.2 GICIN / • •15.60 • 0,1115.11,25.1m• 21 

• 24141 ..... .•.r•• 
II 	 104mantet 01 1 0 	 l 	 . 1  • 1 116.I0 • 1.01%04,21d01  . 

152 • .1.,  151.51,1>1 

SS ,  • 1. - 15,,,,,.., 	 - 
, 

• • 	 ILO • 11.. - 11 , 117.1 	 • 	
. . 	 . . 	 . 

11 1 156 00 01...0.5 	 . . 	 . 

• • 	 irt111.2,3 . . . . 	 . 
• • OtfIaIN 	 • 

• G3411400 	
• 	 • 

. 	 4 • 11 1101 	 . 	 . 
	 •  411040 . 

	
• -• .. 	 . 

400 	 . 	 . • 
. . 	 .• . 	 .. . .• 



1 3.  Eingabedalen Input  data  

)À2.  

10112C 	 Ile 3.11. 

14011 	1.4041 	20.241 	4.1110 	1.4 114 
EPP 	4.1110 	 1.2111 	 5.4110 	 5 4 334 	 5.2032 
1.91 011.4311 263.1111 0.1.16 31  20,0,111 1,1.4110 
o 	1216.0111 1131.11 3 , 	111 1 .1101 	 ,,0..3:1104.,121  

. 	 111 11427.111119130.10, 	 br..2.0:14 1117 4 211 
091 0 	16..411 	15.5,11 	 2.,0 Cl 	 3.,l4 	 3,3 2 3 
! o. 	 2 3 7.1013 	6142 0 1 	 11.5210 	 .1111 	 ..2410 

0 	 4.1151 	 ..1.41 	 2.7220 	 .2101 	 1..163 
214,  352.4111 324.0114 111.1111 210.0111 621...13 

. 	 2100 401.00., 1  .0e.40; 0 4 1. 32 10 1,1.1411 3iC.-.11 
* 1291.11,1 1210.0110 	/n1.1110 	161 . 1111 661..111 
P 	 112.1111 (16. 01 I/ 	12.1113 	 1..0111 	14.1003 
• 4. 4 .10 	11,101 	 1.9400 	 0.1310 	 4.,601 
40 	 2 ...10 	2..601 	 0.6010 	 2,44e 	6.4111 
1041 511.1010 4.1.41 . 4 5/1.1011 611.1416 	55.1141 
1003 /.1113 	 6..11 ) 	5.4111 	 6.3211 	 1.1131 

• 6014 	10.4122 150.3113 	211.3310 	011..010 4567.1511 
01 1 	 00.1110 	41.1111 	 1 2.5030 	163.5115 10104 .10 
CS P 5.2. 0 000 411.11:1 501.1110 515.1111 4164.1411 
1.1.Ft 	 15.11,3 	 11.5 4 11 	 12.1100 	11.5011 	22 ... 111 
PC 	106.6110 172.1111 	101.1110 	61.5111 271,110 

1 00 	 1.7110 	 1.1110 	 1.1023 	 2.1110 	 ... 4 01 
CI C 122.3110 	15.5112 	 4.0 12 4 	 ..33014112*  
G 110.0031 	11.4513 	 6.5110 	 .2402 	1.3301 

104 	 20.1111 	24.1320 	17.0103 	 2.7222 	1.2041 
1140 	 .1110 	 .1114 	 .1510 	 .3141 	 1.1140 
1000 	 3.402 	 2.1510 	 1.0440 	 06151 	 .2,50 
14 4 11 	 .3110 	 .1111 	 .0120 	 0.3011 	 3.3350 
4150 	 1.1111 	 .4010 	 .2100 	 1.313 1 	0.1301 
1100 	 3.304 	 7.9511 	• 6.6110 	 1.4650 	 .1020 
RIPS 	10.3040 	12.1110 	 7.000 	 .0000 	 .0200 

11111 

14. lat. 
• 

1.7100 	 0.0103 	 2.5010 	 1.1011 	11.1311 
IC., 	 t.302 	 11.11 14 	44 .0110 	 11.0111 	 7.1211 
10p,/ 141.3377 044.1111 211.0100 161.1313 321.3110 
Md 	 1101.1311 1201,1111 1050.1111  0 e1 .1.041 170/.411 
1121 0 110,014 .453  .00111 11,,c707 1.07.1100 4713.1141 
14G1R 	 11.2114 	114441 	11.1011 	 .141 1 	1. • 100 
214  O 	 le4.1010 	 /2.2411 	 11.5,51 	 ..1.07 	 2.7155 

. 0 0 	 1.2111 	 1.0117 	 1.a/11 	1. 1.21 	1.0611 
51100 	 12.1011 	05.0111 	26.1 4 10 	01,311 	 21.4,3 0 
441.114 614.031. 110.3011 	171.4141 	 11 20.1110 	 221.7111 

0 	 714.1 4 34 110.0000 241.02.0 271.4010 104.4750 
• P 	 11.3113 	 kl.m7lo 	 t,7171 	 11.0.4 	 ..3.51e2 

• H 	 24-1010 	 0.1700 	 5.1Jo0 	 0.5170 	 0.0312 
102 	 1.5 311 	 1.7213 	 1.0422 	 1.7173 	 1.0010 

40001 3,1.7012 140.00)1 41,173 117.0110 	 7.0001 

41100 	11.1444 	 11.1015 	 11.0640 	 44.0 141 	1.7110 
40400 	 S.  1131 341.1140 	 01.0113 1007.6011  6651.1,0 
0 70 0 	 ..0114 	 1.0000 	 6.4001 2.51157 002.9102 

StS • 	 '1.0110 	 10.0434 	 11.1740 	 171.2170 0110041 

14171 	 10. 1171 	 12.0/70 	 11.5111 	 05.1071 	 20.1120 
• 2, 	 115.3 1.0 	 152.1111 	 1.. 5 .1400 	115.0131 	 112.1017 

St 00 	 2.5041 	 2.1114 	 3..111 	 0.1210 	 5.1430 
.15  1 100.011 4 	20.1102 	 5,011 	 .1310 	 0.1241 

• G 	 110.1017 	 1..1070 	 04115 	 .0107 	 0.7101 

3104 	 5.6511 	 4.2101 	 2 .5610 	 3.1111 	 . 2, 01 
4141 20 	...4353 	0.3100 	 1.1101 	 0.3731 	 .1011 

(1140 	 1.1.11 	 1.0111 	 ..5e12 	 1.5910 	 .1257 

400 441 	 0.1 1 01 	 1.7014 	 1.1430 	 1.4001 	0.0072 
GRISO 	 1.311.4 	 0•;,01 	 4.0,20 	8.0110 	 .1.2041 

41110 	 1.0117 	 .0020 	 0.0130 	 .1120 	 1.0201 
041(1 	 .1101 	 .11 1 0 	 .1130 	 4.0030 	 6.0001 

11111 

*01101 

POSSE 	 1/.. 1.62. 	 1102 111 	 15. 11.10. 

0.0700 	 1.11011 	 2.5100 	 0.1070 	 10.0010 

.12110 1.2111 7.4070 2.4341 7.1.11 5.4110 

KAPPA 211.1747 .Z61.0121 265.1110 262.0110 41 14 1431 
hf 3101.1111 2,2.1110 0111.1110 101..1101 59..77:7 
1.21 1211,2710/9111.00112017.111192167.1:7115507.71.0 

	

4400 	 11.2.17 	 10..110 	 4.2511 	 1.1613 	 .41.1 

	

11 	 210.7111 135.0700 	15.4000 	 3.6111 	 5.1170 

	

It 0 	 1.1270 	 4.1.50 	 ..1410 	 3.1500..000 

	

1/0P 	 1142172 	 71.1217 	 11.0013 	 51.01:1 	 1./001 

1100 401.1110 150,177 514.0141 212.430 1  120,010 
▪ 1041.4330 1221.1111 441.0111 511.011d 54...110 

. 	 • 	 110.17 10 	 411.517; 	 1..0170 	 1 2 1.2330 	01.0100 

H 0.0511 	 11.1513 	 5.1530 	 7.0611 	 7.2551 

	

SV 	 2.5200 	 i..110 	 2.0110 	 2.1510 	 2.4011 

	

1100 	375.0001 100.5110  451.0114 341.011 1 	51.4110 

	

/ 012 	15.1111 	15.1121 	10..110 	 1 1 4 111 	01.1123 
(00 /  10 ,,.1001 511.0,03 621.0110 112.4114 2421.1111 

	

OIT 	113.4110 	119.1110 	104.5000 	111.0130 	.12.0110 

	

es 	• 296.0311 	117.1,10 216.3010 101. 3 111 561.1110 

	

CLIt 	11.4100 	 1.1110 	 6.6410 	 4.0111 	 6..600 

	

FE 	10e. 14 24 	111..201 121.1140 111.1110 	91.7111 

	

I 00 	 4.0042 	2.1441 	0. 411 u 	1.1111 	 4.0040 

	

11 	C 121.1110 	 21.3411 	 0.1011 	 .0112 	 4.1171 

G 100.1711 	 02.12111 	 1.1011 	 .2100 	1.7140 

	

104 	 34.4821 	22.7 1 00 	 11.400 	 11.4212 	2.1 4 00 

	

141.0 	 .1o11 	 .1711 	 .1510 	 .1110 	 .5610 

	

1000 	10..440 	 7.0,21 	 5.4200 	 3.15,1 	 0.1510 

	

4430 	 4.3300 	 0.1010 	 1.1110 	 0.3131 	 1.1111 

	

0040 	 .1.51 	 .1110 	 .4561 	 1.4111 	 1.4114 

	

1110 	 .24 1 1 	 .111 0 	.2010 	 .1114 	 .4110 

	

1411.1 	 10.2111 	11.1111 	 0.6060 	 1.3160 	 .1511 
•114111 

ROISCE 	 24 . Seel. 

1.0111 	 1.1110 	 4.1104 	 4.0110 	14.1000 1 
0t00 	 11.1311 	 11.1110 	 04o4002 	 2.1104 	 2.2170 

	  213.0012 	261.0314 071.1110 115.1111 102.1110 
IF 	215.1111 11610110 314.0000 1111.1311 501,4140 
▪ 1010.0311 2141.7114 1,b2.2:03 1161.1111 46120011 
201E0 	11.1014 	 10.0111 	 44 110 	 1.0460 	 0.1111 
P! 4 	 2,11 0 3 	 43.5351 	 15.1551 	 1 .11 0 7 	 2.1,17 

PR 0 	 1.7207 	 .6121 	 .1141 	 1.1251 	 .1210 
MOP 	11.03 0 1 	 34.1010 	21.0010 	14.0010 	 10.1777 

10101 140.7117 140.0012 117.0.0 174.4100 .111.3011 

• N 	 271.3831 .11.1702 2.1.0010 311.0100 511.9100 
P P 	 1 2 .131/ 	04.1010 	15.1340 	41.1210 121.4113 
.0 	 0.4001 	4.5610 	 4.1500 	 7.6110 	 7.6001 

1111 	 2.5211 	 2. 6 .15 	 2.5100 	 2.4401 	 1.1130 
41701 000.1141 410.2(40 120.0.10 311.0110 	 11 1 100 
O 0701 	 16. 014 1 	 11.2113 	 13.4110 	 4.1100 	 1.0440 
4m400 	0.0110 	 000.7117  213.7001  3 4+4.4313 1911.1711 
O 241 	 75.4030 	 25.2100 	 102.1100 011.1001 110.4203 
11 4  • 102.3010 131.1110 155.0100 0.3.0000 011.0113 
10 2 0C 	10.5010 	71.5110 	11.0111 	17.0010 	 ..1.1111 
P ft 	 10.1111 	11.4111 110.0110 	 41.1201 102.0212 
st oo 	2..041 	 4.2110 	 0.1270 	 1./570 	 1.1403 

GIS  L 100.2373 	 41.1710 	 11.1010 	 0.1001 	 1.1010 

G 	 120.7071 	 18.7110 	 t0.1101 	 4.0170 	 0.2011 

1101. 	 2.0031 	1.0511 	 1.1310 	 1.1330 	 .6510 
C1140 	 1.1013 	 0.0331 	 1.0104 	 .0130 	 1.0440 
410R0 	 .0243 	 .1050 	 .0411 	 .6200 	 .4441 
90040 	 4.1020 	 4.0010 	 0.0000 	 1.0110 	 1.3010 
CCISO 	 0.1011 	 1,0111 	 8.1011 	 .01.0 	 .1110 
01110 	 1.1100 	 0.1010 	 0.0100 	 0.0011 	 4 14 0 
011101. 	 0.1.11 	 2.0,51 	 1.245, 	 1.0 0 41 	 .1330 

110140t 	 10. 6.69. 

• 1.1100 	 1.0010 	 2. 4 400 	 4.1000 	11.0000 
(07 	11.4011 	 17.6110 	 06.2010 	 1.1130 	 1.2111 
1P7II 251.10:1 224.2424 72.1144 242.4112 202.4403 
✓ 1114.33 1 1 7011.1102 9 11.0010 Jiti.1110 500..1410 

141  541,1147 .701.7710 2111.1031 1510.311114 .. . 0:34 
AVER 	11.0171 	 104110 	 10.7011 	 1.7071 	 1.0170 

11 	 11.14f1 	 00.000 	 20.1102 	 11.4110 	 7.,223 

1 0 	 1.11 0 1 	 .1 11 3 	 .8217 	 1.0000 	 1.0110 

(100 	 11.2230 	31.1110 	 30.0110 	01.3410 	14.2010 
1100  151.1011 610.0211 111.1110 410.0010 1214.2140 
• 113.1011 014.0110 121.0111 	110.1111 1.1.1101 
• 27.0310 	40.1010 	 21.2104 	1 1.0010 	 17.0111 

M 	 1.4410 	 0.4110 	 0.0 211 	 2.4501 	 7.1.00 

1.4177 	 2,110 	 1.51,11 	 1.6414 	 1.11 32 

414.31:1 .71.0001 007.0010 .00.2100 	 11.10 14 

10.0140 	014.200 	21.0610 	21.2010 	 4.0340 
0 2.0014 	111.2140 	161.4105 900.001,  14 01.1010 
16.1113 	70.1333 	 71.1074 211.1311 1.1.3170 

1 3 2.1111 	141.1010 	1..1.1231 	110.1011 111,0310 
01.3107 	 24,133 	24.1112 	21.0033 	51.91 0 3 

71.0141 	 14.0000 	 11.0111 	 20.3042 	 41.1211 

1 ,1 11 	 t.151/ 	 1.0510 	 1.7110 	 1.011 3  
101.0101 	40.0110 	11.1300 	 3.111 2 	0.1101 
121.1:17 	 11.777 	 20.4020 	 1.1171 	 1.1011 

2.1117 	 1.0170 	 1..170 	 1.7211 	 .1 120 

4.1177 	 .4040 	.4202 	1.0110 	 0210 

1.6111 	 6.4,53 	 7.0541 	 1.4111 	 .1410 
0.3100 	 1.1111 	 1.0030 	 .0040 	 1.1131 
0.1000 	 0.0111 	 0.0410 	 8.3111 	 1.1 14 3 

1.4131 	 0.1030 	 .11 01 	1.0100 	 .3241 
1.1141 	 .0140 	 .5001 	 .2074 	 0.1001  

0.1010 	 1.0111 	14 5201 	5.0010 	11.4040 
000 0 	 22.5041 	23.1100 	22.7110 	11.4011 	 7.20 10 

120.24 2 0 	10...4310 	110.2 4 .0 	161.3110 	141.0211 
17 	 1611.1111 16 7 .0501 1745.11110 10 1 3.043 4  7.50.0130 

12110 2120.1411 1473.1331 2.4 0 .0310 26,0.1101 7710.0010 

5100 0 	11.5114 	11,1104 	12.2150 	 .013 0 	 7.1341 

Pa  0 	 10.1 0. 2 	 4 0.10 1 1 	 :4.51,3 	10 4 041 	2.102e 
•*  4 	 1.2.20 	0.21 0 4 	0.1414 	1. 7 111 	 1.0(13 
1010 , 	 11.1072 	 10.0001 	 10.0110 	 13.1)13 	 11.1770 

9210.  211.1177 110.1770 151.1110 520,010 71.4.1011 

• 0 	'31.0111 211.1110 253.4110 631.1111 561.1101 
P 0 	 25.7041 	 21.0113 	16.0119 	 .11.-.11 	 30.0101 
• 14 	 0.11111 	 0.1141 	 4.1411 	 7.1533 	 6.1000 
510 	 1.3010 	 1.1210 	 1.5600 	 1.7.10 	 1.1 140 

40110 	 2.0321 	 1.0140 	 3.0411 	14.0317 	13.0300 

010 11 1 	 .0417 	 0.0017 	 1.1111 	 10.2111 	 3.1010 
10004 	 1.004. 	40.0010 	 2o.4211 123.0021 1000.4010 
8.011 	 3.1411 	 0. 1 041 	 141 11 	 21. 4 014 46..311* 
GCS 0 	1,1.14 	16.0214 	11.1350 	h...310 920.4 .0 
0.1 , 1 	11.414. 	11.1111 	22.1310 	03.6111 114.1010 

FE 	50.1131 	 50.04,4 	 1..3111 	 *9.1114 	141.1400 
51 00 	 .1201 	 .4514 	 .0140 	 1.1434 	 1.0110 
• f 	101.1113 	15.1410 	 1.441/ 	 1.1121 	 0.6440 

d G 	 104.1114 	61,1113 	10.0101 	 1.6100 	 0.1401 
9104 	r.>., 	.. 347 	 0.5110 	 0,2140 	 1.1410 

G4010 	 .0,14 	 .1110 	 .0410 	 .9170 	 3.4010 

1 1,10 	 4.2. 11 	 .44/1 	 1.1010 	 1.2170 	 1.0210 

(UM.. 	 .1770 	 .0:00 	 .0110 	 .50.1 	 .15 30 

01040 	 4440 	 .0402 	 .7474 	 .2000 	 2.1170 

111110 	 3,41. 	 .451 	 3.1050 	 .1110 	 .1040 
14077 	 .2143 	 .2143 	 .2120 	11.9153 	 4.0411 

11910 

40152.0 	 11. 4.1 11. 

1.3010 	 1.3011 	 1.1000 	 5.0100 	14.1000 1 
11..• 	 11.1311 	12.4000 	12..01 	 15.0700 	 7.0110 

40020 113.0011 011.0723 017,250 210.0110 3 7 0.1311 
nd 	 212.0011 614.10041 $14.1130 5.1.6110 .14 4 0.0100 
49,0I 3403.1141 1400.0101 2141.0101 1540.3010 10e0.0340 
40410 	16.4115 	01.1111 	 .1.0000 	 .0117 	 1.0000 
O2 0G1.00'.0 	43.1151 	 II.  l.00 *.4401 .l420 
we 	1.54i3 	 1.7021 	 1.1410 	 1.1540 	 .11/(3 

4.1111 9.007e 7.0111 7,7/12 10.7107 

20102 037.77:7 221.0101 171.0170 142.0111 114.3304 
P  O 111.1013 060.0113 231.1010 113.1114 5.1.3313 
• P 	 12.1174 	21.1011 	01.0730 	11.0310 	20.1300 
Fl 	 9.1113 	 1.127 0 	 2.0500 	 7.5070 	 1.1910 

5 112 	 1.3 0,1 	 1.2070 	 1.25.2 	 0.3111 	 5.1100 
41101 	14.11:0 	10.0114 	01.0011 	60.0100 	 0.0110 
41101 	 2.1114 	 1.8031 	 14 .111 	12.0113 	 1.1031 
11.10 4 4 	 2.1111 	 4.7004 	 10.2011 210.100 1(10.0110 

7,00 	 2.2107 	 0.1000 	 1.0010 	 1.5110 1110.0103 

GtS • 	 13.00,0 	41.0101 	 6 4 .0100 	61.4114 1:14.0100 
46/F1 	10.5310 	01.3011 	 2.3010 	 0.5110 00 14 01.2 
p fl 	 15.1117 	 52.1111 	 40.9112 	 21.1173 171.1010 

SI Oa 	.7 4 11 	 .7430 	 .54 10 	 1.1010 	 4.2100 

GES  L 	 000.1141 	 11.1013 	 2.0070 	 1.1210 	 1.1011 

G 	 110.0017 	 50.0771 	 05.1100 	 2.0070 	 4.0344 
4104 	 12.1112 	00.1511 	 1.5110 	01.600 	 .1400 
00040 	 .4111 	 1.1,11 	 61 210 	 1.1110 	 1. 4140  
01010 	 .1111 	 . 3 251 	 .90.0 	 03511 
600.10 	 .0613 	 .0010 	 .1110 	 .0200 	 1.1040 
40050 	 .1125 	 0.0211 	 .5610 	 .4010 	 0.1110 
01410 	 .1111 	 .3021 	 .0 410 	 .0120 	 0.3300 
00101 	 . 1 140 	 .1150 	 .1210 	 1.47.4 	 1.1000 

• 11111 

ROISEE 	 1144.11. 

1 	 1.0108 	 1.0111 	 145010 	 5.1101 	11.1000 
10•• 0 	14.1100 	14.0013 	15.4110 	41.0411 	 1.4011 

	  205.0114 205.0111 700.1170 244.0117 041.4200 
10 , 	042,2014 10/0.0017 1111.0011 .11.2011 0140.0110  
1.101 1750.1310 1111.1113 1001.4110 1151.3110 	 442.0230 
- 54 1 ot 	4.1021 	5.1310 	4.0044 	5.0032 	0. 0 22 
• 4 	41.2112 	60.46 1 5 	11.1210 	 6.o411 

1  1 	 2.2+02 	181110 	 .0,0 	 .014 	 .011 
9 102 	 3.1110 	 0.1010 	 4.7210 	 7.4111 	 21.5410 

0300 93..3000 3 12.0100 3)0.1011) 210.0111 117.1700 ▪ 127.0701 101.1004 2.4.1001 0.0.7114 1.2.4100 
• 02.2711 	 70“702 	 12.0107 	 51.1110 	 /46.4110 
• 1.11 40 	1.1614 	 1.1111 	 1.2 0 11 	 1.1110 

00 	 1.7130 	 1.5070 	 0.5311 	 0.0111 	 1..4000 

1120 	 00.1100 	 00. 2100 	 10.0010 	 20.0111 	 7.4171 

17121 	 .5010 	.1221 	 .4101 	 .1011 	 0. 0012 
ploH 	 3.1111 	 10.1110 	 1.0010 	 /2.0012 0050.440 
.00 	 7.1111 	 1.1100 	 1.1170 	 5.6110 1130.2111 
65 • 	 1 0 .1111 	40.0410 	4.0111 	11.1110 1150.1110 
210 1 	 21.2317 	 11.0110 	 01.1571 	 1.5710 	 112.7011 

IL 	20.11 21 	 14.1311 	 00.4010 	33,0114 	01.0311 

1 00 	 .1110 	 .1010 	 .4172 	 .4411 	 0.4411 

1 5 t 	119.1311 	13.0103 	12.4111 	 1.2110 	 .3140 
G 111.1.111 	11.1113 	0,1111 	 1.0719 	

.

.1140 
130 	6.2 1 13 	 4.0 11 	 1.1. 1 	 1.1111 	 5240 

1840 	 2.1110 	 0.2101 	 .1070 	 . 1171 	 .0290 

000 	 4.0,0 	 .0641 	 .2111 	 .0047 	 .1 710 
3,0 	 .01/1 	 .1114 	 .1... 	 .0611  

•.s0 	4.2100 	1.3010 	4.0402 	4.2014 	1.1011 
1110 	 .1011 	 .12 6 1 	 .0070 	 1.1321 	 0.010 
130•1 	 0.0110 	 1,6344 	 1.1510 	 1,2831 	 .1111 

1,411 

• 

• 

3111 
•.424 
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00 
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i] /MIL 	
14 3 • 

- 

• • . 	 • 	 . • . 	. 	• .. 
•• . 	 . . 	 . . 	 . 	. • 

' 110 ,110C 	 0.11.11. 	 1011(C 	 el. 3.71. 

	

0.0010 	 1.11010 	 7.1013 	 1.0010 	 14.1041 1 	 1.0108 	 1.0000 	 8.3100 	 1.0111 	 14.0101 

	

101 . 	 10.11 3 1 	 10.4100 	 1,400 3 	 00.2170 	 4.1010 	 70034 	 0.0100 	 1.0110 	 4.1001 	 7.7131 	 4.4704 

	

21..1 	 122.1110 207.7100 101.0070 011.1010 310.0130   2fl.3111 710.1010 1 4 1.11 3 111  3 17.0310 717.0110 

P t 	 (20.7173 44,0310 101.1010 1 7 11.77 3 0 11/0.4011 	 MI 	 4400.00411 1 3 46.1130 3710.1117 1010.1000 4107.1111 

	

P117 4 1 70.7171 00 4 7.7.73 1401.1171C 1413.1110 440.1700 	 7 331 111110.00106 2 401.111710063.701013361.011740703.01 1 1 

	

, 10000 	 7,040 	 0.1010 	 7.4010 	 3..371 	 1.7 3 71 	 UUCP 	 18.1113 	 11.4100 	 1.1700 	 4.6000 	 0.1011 

	

Pg m 	 4,..L,, 	78,171 	 7.4716 	 1.1141 	 1.11e4 	 .430 	 100.11 30 	 11.1444 	 7.0870 	 .1143 	 1.3103 

	

7.00 	 .1117 	 .1420 	 .7001 	 .1410 	 1.17 3 1 	 PR 0 	 1.14 3 0 	 1.1 0 73 	 .3 1 41 	 .1010 	 1.1810 

	

00107 	 14.1711 	 11.0011 	 1..1770 	 10.0111 	 2.0711 	 00407 	 49.0000 	 41.0073 	 31.1030 	 31.1011 	 11.1701 

• 0000%  104.0011 033.01113 113.00 30  837.7010 843.3107 	 1 04 0. 781.1713 130.7771 710.1117 373.0070 040.0030 

• 
 

	

70 	 2 10.1771 	 117.1013 807.1711 	 160.177 0  710..1 3 1 	 • M 	 1010.0010 700.0010 440.1001 370.0170 710.0101 

•• 	 P • 	 30.1731 	 08. 3 000 	 21.0101 	 10.0710 	 n1. 33 10 	 • • 	 12.7700 	 44.0000 	 30.0101 	 14.0070 110.0003 

• et 	 7,1007 	 3.0100 	 7.4810 	 3.1010 	 2.1111 	 707 	 0.1011 	 7.1011 	 7.0170 	 7.4070 	 7.6430 

	

521 	 8.1111 	 14111 	 8.1431 	 8.1473 	 -.1110 	 SEW 	 e... , 0* 	2.0300 	 7.7170 	 7.6110 	 1.0404 

• - 	 4102 3 	 14.71:1 	 60..077 	 07.0100 	 12.0711 	 1.1110 	 RIM (24.0001 700.7110 780.0001 600.0010 	 00.0010 

	

111121 	 2. 1000 	 1.0300 	 3.4000 	 1.2371 	 "*  0 	 1111 0 1 	 4.7111 	 Z.0730 	 1.1031 	 .1773 	 1.77 0 3 

	

30+, 30  2.1. 3331 	 130.0110 031.0010 	 770.01111  4 10...04,, 	 Annom 0117.0110 140.0000 173.1 0 00 1119.0010 9900.1030 

. 
 

	

.1003 	 3..4111 	 61.0070 	 44.0777 	 43.4770 1110. 1 700 	 tn03 1 	 103.0700 	 111.1030 	 14 7. 0310 	 117.7111 413.7003 

	

US • 	 116.1711 	 34.1100 	 01.0000 	 14.0734 1144..001 	 101 P 195.0020  3 (8.1110 293.1011  3 10,0770 1.0.0730 

	

1011 0 	 71.071 1 	 21.7100 	 7 0 .8 3 77 	 00.0111 167,7 3 0 	 . 111 71 	 10.0 0 70 	 1 7 .3017 	 14.0000 	 11.4000 	 10.100 3  

- 	11  FL 	 41.11 0 7 	 40.4707 	 40.1001 	 40.4710 /61,02 3 	 • fG 	 24. 7 110 	 11. 0 100 	 81.1111 	 13.0000 	 84.0 2 71 

	

0393 	 1.2111 	 1.1170 	 1.2500 	 0.000 ,1 	 6.0070 	 03 00 	 3.0000 	 7.2910 	 8.70011 	 1.0000 	 0.0700 

	

001 3 	 101.1701 	 3 7 .4771 	 10.4370 	 .1711 	 1.1193 	 Gt9 E 101.3171 	 11.1044 	 7.1577 	 .4011 , 	 .0601 

	

04 	 141.0111 	 90.1110 	 •0.11 3 0 	 1.1310 	 1.0.90 	 04 	 102.3730 	 11.7070 	 3.2000 	 1.8710 	 .1101 

	

41011 	 0.9900 	 1.4180 	 1.2510 	 • 6.0011 	 10.1443 	 110M 	 20.4 7 07 	 2.0730 	 1.6100 	 .1070 	 .0410 

	

07020 	 1.6417 	 2.1000 	 2.4014 	 10.1110 	 12..110 	 00 000 	 .0y13 	 .0300 	 .0400 	 .0910 	 .17011 

	

000 30 	 1.1 1 23 	 .4011 	 .1077 	 I... 	 3.2 3 13 	 '0.020 	 0 .4.7 	 .1040 	 .0160 	 .1111 	 .1000 

	

009 0 0 	 .0020 	 .0090 	 .0020 	 1.013t'1.0137 	 110 J0 	 0.0700 	 3.0100 	 0.0001 	 1.0000 	 0.0000 • 

	

00 150 	 0.3717 	 1.7001 	 1.0004 	 0.4710 	 4.4021 	 1 0130 	 .1071 	 .0120 	 .1010 	 4.0170 	 0.0100 

• • 011101 	 9.1333 	 1.2400 	 1.0701 	 0.0,10 	 4.1100 	 01010 	 1.1060 	 .0100 	 .3011 	 .1700 	 11.0000 

	

02241 	 .11,1 	 .4167 	 .7340 	 .4117 	 7.0000 	 02211 	 12.3140 	 1.1060 	 4.11 1117 	 .1430 	 0.1012 

11211 	 12121 

• . 	 P01500 	 1.11.11. 

4.0171 	 1.7040 	 2.4000 	 1.0070 	 04.0100 
• 10,7 	 1.4170 	 0.7133 	 0.0 0 . 	 0.0710 	 0. 0 113 

20770 870.11013 770.0110 890.1010 191.0110 4.2.0071 
PI 	 8 150.17. 4114.0111 1007 	 " ■ • 009,030  1 /4...0003 

740 1 1,04.31727.1C.1717811 - 21.701711710 	  0970.0111 
990[01 	 .1110 	 .911 3 	 .4707 	 .37:7 	 7.1..7 
PR n 	 03.4117 	 11.7117 	 1.7114 	 1.1061 	 1.1640 
P2  J 	 .4107 	 1.1170 	 1.2420 	 l.01031..103  

10 4 0 2 	 39.0 330 	 10.1030 	 20.0314 	 15.3000 	 2.10:0 

49909 941.0110 .9.101 3  191.0100 	 122.7011 090.3000 
• y 	 . 994.1110 400.1310 001.1111 	 141.1110 1260.1007 

• . 	 10.0717 	 20.71111 	 10.00.1 4 	 9 3 .100 	 10.7 1 00 

• M 	 7.3411 	 7.7 1 11 	 7.1010 	 7.7411 	 2.1211 
104 	 ..5001 	 8.4110 	 2.4,77 	 8.6100 	 3.0400 
01,110 	 1..3111 	 00.7070 	 1...100 	 1 1.1. 3 	 23.20 00  
O 40111 	 99,007 	 99.1111 	 00.3131 	 9 	• • 11 	 4.1111 
02174 1204.2117 1310.1120 11.0.1470 111 - 	̀- 21 7200.1770 

7011 	 1 -0.1 0 10 I28.01 11  214.117 0 	221.3104 1816..071 
• SOS • 112.1111 	 714.0110 	 100.0073 	 377.0110 1634.1174 

01110 	 77.0111 	 1 4.7113 	 24.1110 1..7707 
• ft 	 50.11,0 	 21. 1 771 	 0 4.700 1 	 15.777 0  Jec.1110 

SI on 	 2.4100 	 1.0077 	 1.4010 	 1.100 1 	 3 .62 0 0 

OIS  t 	 13..1111 	 93.1310 	 19.9111 	 1.1311 	 .0110 

• 1 	 049.01.1 	 91.1111 	 01.1 00 0 	 0.0111 	 .1319 

O 3 13 	 1.1101 	 9.0911 	 9.9111 	 2.0911 	 0.1930 

• CT 10 0 	.1274 	 1. 2 071 	 .2311 	 .7411 	 7.71 0 7 
• • * 	 1020 	 .1100 	 .7:40 	 .1000 	 .0020 	 .1 0 70 

lnkee 	 0.0342 	 .0111 	 .00 3 0 	 0.0010 

• (4300 	 .0110 	 .7111 	 .0140 	 .0311 	 7.0131 

• J1110 	 0.1141 	 4.0100 	 1.4000 	 0.1710 	 1.0900 

• 44731 	 1.4311 	 4 .1687 	 1.0610 	 1.4170 	 .7440 

11700 

607110 

	

4.3111 	 1.0073 	 8.1170 	 1.1411 	 14.71011 

16 01 	 1.7134 	 1.1011 	 1.600 0 	2.g01 7 	 4 0 2000 
, 073  30..1:16 141.1101 114,01e 702.171 1  417.0000 

• PI 	 2 7 24.7311 0110.3711 347..7773 0411.1013 0113.1100 
• • 	 P421 56104.701724700.417741711.400011671.111011 ,...0 1 01 
1 	 SIRE2 	 0.1110 	 7.2700 	 7.3 20 2 	 7. 030 3 	 0.7111 

1 	 . 	 PR  4 	 811.1117 	 01.4041 	 3.1181 	 7.3410 	 6.1767 

PM 0 	 4.11.7 	 1.1117 	 1.171: 	 1.7110 	 4.4707 

3 010. dblal,2 	 74.2111 	 09.0:31 	 41.1077 	 62.1010 

. 	 ' 	 084 011  07 2 7.17.1 .34.0111 	 102.33 3 0 	 191.1010 111.1 3 00 

• 00 	 0414.1317 333.1411 3.11.000 4 	 2111.1010 1671.7,10 
• P P 	 71 0. 0713 111.0177 	 1 3. 0000 	 12. 0 10 	 14.0:40 

• • M 	 4.7117 	 7.1811 	 3.9911 	 • 7.9533 	 1.0330 

• 11V 	 2.4710 	 2.,Z.3 	 2...143 	 1.4771 	 6,711 

. 111021 	 21.7103 	 00.70 3 1 	 101.1010 	 133.0313 	 10.0700 
O 11 30 0 	 14.41,1 	 J.4.1 	 14.7003 	 04.0118 	 0 a 3 . 
0,000  783.7111 211.1010 	 441.0171 	 170.1177 217 . . e 1 7 
en 0 1 	 0 10.31 1 2 1.7.0011 167.0111 	 0 10.117 3  141,7314 

• 110 • 	 710.0701 	 104.1010 	 109 	 1 3 	 0L0.3003170 0 .3'.30  

•. 	 • 	 090 1 0 	 0.9301 	 17.9073 	 40,114 	 17.1110 	 61.1.11£0 
• 1, C 	 11.0171 	 0.0180 	 17.6 003 	 11.7770 	 41.1117 
11 00 	 4.1171 	 3.2 3 77 	 3 .0401 	 3.4571 	 0.11 0 1 

GU  t 117.1111 	 17.40 3 0  	 0 	 C1.7110 	 1.1010 
V  0 	 100.1111 	 81.0010 	 1.107 0 	 0.7770 	 0.1003 
1110 3 	 37.7127 	 11.470 0 	 81.1201 	 11.1411 	 0.1000 
1,1107 	 .1177 	 .7111 	 .1001 	 .44 3 0 	 0.0001 

• 16040 	 .11.0 	 .1741 	 .0114 	 .0710 	 .0707 

4.r 0  

	

173 	
0, 3 330 

	

 11.11 ,7 	3  0.0 0 6 Col 50  

	

/0 	 = 3  ,7 
•

• 	

01010 	 .1041 	 . 13 70 	 .0341 	 .1100 	 .7147 

1. 	
•• 	

0101 	 71.1541 	 17.1110 	 88.1113 	 14.317 0 	.2 3 10 J. 	3,011 
• • 	 • 

401300 	 le. 0.711.• 

1 	 3.3131 	 1.3311 	 2.11700 	 3.3370 	 1 4 .3011 

110 11 	 1.0300 	 1.0001 	 1.8110 	 1.1110 	 4.7207 
e• 	, t1110  8 110.7771 141.0710 764.371 1 	 815.217 0 	 112.7017 

31 	1,22. 1 0 ,11 1003.0077 8107.00 .0 1.07.0030 1471.1111 

. 	 • P4 11 71171.1311 1111.111111/00.30111/33.1.00/112134.9113 

• • • 	 101010 	 1.1130 	 3.1113 	 4.7071 	 1. 0 11 	 1.0130 

▪ • 38.3110 	 .0.7420 	 7.7630 	 2 .1 1 10 	 10.1 3 20 
P300 	 8.4170 	 1.1144 	 0.1101 	 3.4014 	 04.0190 

CHAP 	 16.0077 	 11.1270 	 11.7000 	 40.7110 	 10.7311 

00 10 3 182.7777 71 3 .7111 4/1.071C 	 411.0777 227.0112 
• • •  r  0 	 /1..3771 421.7071 730.0000  5 e 0 .3330  103 .0110 

• • 	 111.0731 	 04.1021 	 14.4010 	 49.1019 	 99.4110 
• • • 19 	 2.4130 	 7.9102 	 7.4120 	 7.8212 	 7.0101 , 	. 

, 	 0110 	 = .2..0e 	8.40 3 0 	0.4 0 10 	3.2107  • 50  

	

0. 3113 	 100.0010 	 1,0.0170 	 30.3477 
• 03343 	 10.0300 	

0 I 	 0011 01.1i77 131 001.0 0:i 3 	 0  01 001 5r0Ji7 
1,01 • 304. 0 110 144.3117 344.0071 	 112.0171 1 1 0.1710 

•• 	 4 U 71 	 1 7 .2170 	 16.4770 	 11.4071 	 12.5100 	 44,8400 
: 	 • 	 • ft 	 21.6110 	 17.4710 	 1/. 0 04 	 80.4 0 13 	 41.110 0  

11 00 	 7.1171 	 1.010 0 	 2.9011 	 8.3010 	 4. 11400 
• GiS C 	 102.1170 	 01.0111 	 1.1111 	 .4300 	 0.7017 

• .100.7014 	 43,7111 	 1.17:0 	 ‘.21130 	 0.1700 
• • 	 1110 ,1 	 71.1733 	 14.3971 	 10.4271 	 13.1870 	 .1131 

• GYAPO 	 .1731 	 .3177 	 .017e 	 .7170 	 .1670 

, 	

• 	

040110 	 .7117 	 .0160 	 .0017 	 .3221 	 3.1771 .1• 	 000e4 	 4.1317 	 1 a 3 . 	 3.4211 	 1.1171 	 0.0741 
• 02010 	 3.0143 	 0 .21011 	 1.1 3 43 	 .1110 	 0.01111 

- 	 01110 	 .1711 	 .0140 	 .1310 	 .1111 	 4.0100 
00200 	 17.1210 	 1.7014 	 11.36111 	 1.031 0 	 .4010 

•. _ . 

• (529 ) 
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.L.of Lucerne; Bay of Ho rw 	 . : '. - 

. 
..,. . 

•. 

1181.410S1..04. 	 11. 1.11. 	 WIR4.1101104.4 	 72. 0.81. ' 

g 	 1.11401 	 80443 	 $.1414 	11.4011 	 1S.4140 	 • 	 1' 	 v.94.1 	 1.4149 	 ..1019 	14.401. 	14..148 

	

1CM. 	 5.1114 	 ,1141 	 1.141. 	 5.7011 	 ...4.0 	 (LM  P 	1.1.5114 	13,01 	14.0040 	 7.411. 	 4.4444 

• 114PPA 1.44.101. 111..114 14..1.11 	14,..111 14,44.4 	 clP74 1111.4414 tnS . 1 	 .1i.....0 111.441G 1-12.+11, 

Mr 	 0..404.1 1110440 111.... 10.4115 141.41.3 	 4 4 	113...11. 1114.....4 .......4 .0.140 1.1.4410 

	

POT 	 11,0041 10.014 	12.4049 111.41.. 164..14. 	 PG4T 24,..1143 1 2411J.014 J./1.04. 111.114 414.1444 

' 

	

54UC4 	11.4411 	11.4414 	14.6443 	 ...... I 	1../144 	 SauE2 	14.,,,, 	 1 	11.3..i. 	 /10110 	11.4444 

	

P2 11 	 2.4443 	1,17. 	 t  "'' 	 2.1133 	 .,..,4 	 •k . 	 21.447. 	340.1 	 1  • 	 1.1[11 	0.1 

	

PA 0 	 .0.1 	 ..440 	 014. 	 .3141 	 .SO4 	 $4 0 	 2..111 	1-isli 	 .9119 	 ..40 	 •4198 

GEO. 174.1411 1,0.04F 1 	' 134.4414 14..441G 	 40.0. 21..4414 1 4 .-1114 124.:...d 110 	  

	

n 4(10P 	 9.44 )4 	 1. 11414 	 6.64.6 	 n.7:14 	 .01.0 	 GELOF 	 3.4441 	 S.1414 	 I 	 ...114 	 4.3.44 

. 	 • 	 • M 	 1C...401 	70.4411 	 14.4.411 	1....14 	 1 	• J 	 • M 	 11...01.1 4 1./11.1 434.44 	4 /.....1114 1110401 

' 	 . • P 	 4.1.4111 	11.418: 	 .1.0.4 	14.4114 	 I...144 	 P p 	 3.0414 	16.9.3i  

. 	 4 11 	 70144 	4.010 	 4.044 	 1.41Ik 	 /.4744 	 F 4 	 1.7334 	 1./i11. 	 •0041 	 4.4111 	 4.1104 

	

184 	 $.1111 	 t.A.:a 	tat,. 	1.•11. 	 1./Sr. 	 S94 	 1 	101;0 	 1.31.9 	 1.4114 	 1.3nie 

MITRA 34.0044 314.14.1 li 	  JS 	  14 	 MIlié Ite.di1a 10..1:4 240.44. 3..411. 31.0440 

. 	 • 	 MI141 	 ...441 	 C../4I 	 J.VI.6 	 ....Ild 	 I...ICJ 	 AIM 	4.2.14 	 1.1444 	3.44. 	 2.9114 	 2.1.44 

• P.41 	 3.1144 	 1.44.4 	 1,441 	 1.5.. 	 1..6.4 	 *,AI 	 €.113. 	 3.3132 	 4.1..1. 	1.10: 	 1 	 • 

' 	GCS F 	41.011 	£1.44.1 	 et...,. 	zs.,.; 	a . 	 us f 	4..5111 	' 	J..00 	 •1.4.414  
. 	 P FC 	 0.04. • 	 1I.IIII 	 II  . 	 ts.1111. 	 21 .. 1 .. 	 F F4 	 ....Jul 	74.944 	 31.1..4 	14.4.14 	11.1.14 

	

SI 00 	 4.041 	 1.61.. 	 1.0.10 	 I.e.. 	 1.4,02 	 0 00 	 1.5544 	 I.6640 	 1.14.4 	 1.0414 	 1.5444 • 

	

0(4,1 	 4.6001 	 5 	 ' 	 0 	 1.34011 	 11..4.4 	 :COL 	 ...aaa 	g...oa 	2.40 40 	11.4014 

• 41.1 i 11..0041 	 17... 34: 	 11,e 	 4.200I 	 ... . . 	 Sii t 1,004.. 	1..1144 	4.1.0 	 .1414 	 4.4404 

	

A G 	 1404414 	10.41.1 	 1.54 	 .2314 	 .47. 	 A G 	10.011 	0.8120 	 1.0444 	 .000. 

• 1. 	 130.4442 	 .S...04 	 it 	 ..861.6 	 1  	 45 	 l&..,04. 	23..444 	 4.4t1011 	 .0111 	 4.4.41 .. 

• G 	 10..3001 	45.4170 	11.41., 	 1.0411 	 .21.4 	 It 4 	 1 00.44,4 	 4.4114 	 .3,.. 	 1..111 	 4•314 

119GS 	 Still 	 - 	 , 

41(441AGOSI.341. 	 14. 2.614 	
. . 

• .91(41.0..011..00. 	 17.  0.11. 	 . 

3 	 .03.1 	 2.5444 	 1.Y.041.1 	 4d.Idly 	 16...0 4 	 • 	 ...100 	 2.1044 	5000 	14.4413 	10..040 • 

. 	 1.11 	..4011 	 4..01. 	 .04.1 	0.010 	 ...lg. 	 10 04' 	15.0.. 	11.41,4 	13.100; 	 9.404. 	 5.10.4 

. 	 1711 4 194.044 101 	' 	144.'00 10.1.1.11.1 11,4 .4 	 34411 0 4 i...014 1.1.4111 141 	 " 	00.441. 111..10 

• r 	 109. 4014 10 	 ' 	104.440 0110414 10 	 IV 	4:4.014 	" 	.14 	  236.,404 21 0.41111 

. 	 141 	 . 4 ... 411 414.4'4. L. 	 431  ' 	 04.,,2 .4 	 7441 3110040 it ... :. : 3 306.1..4 100  • 	 4 

	

10E2 	10.004 , 	 I 	 10.0043 	 14.0411 	 1 0.4401 	 Skyl.k 	10.0.04 	 .1.9.0 	 10 	- 	 1..441. 	10 . 2 0.1 

	

A . 	 106.1 	R.1164 	 ...et. 	 1.1141 	 .7104 	 OR X 	 2..1111 	 :..2,211 	 :1.'1 	 4.... 	 1.6 2.0 

. 	 • 3 	 .1110 2 	.,,,i, 	.etat 	aut 	.11.3 	 ne 0 	 1.4151 	 1  • " 	 1.5140 	 .7010 	 .1544 

EON /1e..004 11..11+1  101 	 40144 11 	  111.1.0 1 	  174.010 	  

	

[UP 	0.01. 	 1 	 " 	 4.311. 	 ',Inn 	40.2, 	 31407 	 3.1441 	 504.1 	 0.1304 	 2.3 	  

, 	 .1 	 7..4014 	3..44.4 	 /I 	• 	 7 	 f 4 	 • 	 4.4 3" 	 .. 314  • 	 420.340 11 	 3 

. 	 2 	 14.4 144 	 I5.4411 	11.7... 	 11.44.4 	04...40 	 77 	 2.0111 	40.4.31 	 1 	' 4 	14.4114 	 i 

	

e.. 0 40 	 11.4011 	4.01. 	4.0t4 	 4...n4. 	 7 . 	 ..354, 	 0.300. 	 4.40.0 	 7.1 04 . 	 2..3 	 4 
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