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BOTTOM SEDIMENTS OF THE LAKES OF VARIOUS TROPHIC TYPE · 

The content of organic matter and calcium in bottom sediments were analysed, 
· and also the calorimetry of sediments and organic matter from these sediments. An attempt 
was made to 'estimate the intensity of mineralization processes on the basis of oxygen 
consumption, treated for that purpose as an indicator. 

It was found that the calorific value of sediments is a good indicator of the trophy 
of 1 akes. The energy content of organic matter can be an in die ator of the intensity of 
mineralization processes. Sediments from anaerobic environment have a considerably 
higher oxygen consumption than ·these from well oxygenated environment. The presence 
of bottom fauna increases the oxygen consumption of sedim ents. 

Bottom sediments, with the .exception of littoral ones, are fonned by constant 
depositing of organic and mineral particles froll? water. They are fonned by 

modifying first of all organic substances by animals and microorganisms. Part 
of the material accumulated on the bottom returns to the circulation in the 
lake. The return . intensity of some important elements of this material to the 

circulation in lake is conditioned by the mineralization rate. Mineralization 

depends on the composition of accumulated sediments and on many biotic 

and abiotic factors. It is also connected with the trophic character of water body. 
In this paper were characterized bottom sediments of 50 lakes of various 

trophic type from several lakelands and Tatra Mountains. The contents of 
organic matter and calcium and calorific value of sediments were used as 

indicators in order to characterize the sediments. Spatial and time differentia-
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tions of the above indicators were analysed in the profunda! zone of lakes. 
An attempt was made to estimate the intensity of mineralization processes 
in surface layers of sedialents of lakes of various trophic types and in different 
environmental conditions. The role of bottom fauna in these processes was 

also estimated. The oxygen consumption of bottom sediments was used as an 

indicator of these processes. 

I. INVESTIGATED LAKES 

A total of 50 lakes vvere investigated (Tab. I, Fig. 1). Trophic types of 
lakes were estimated according to the classification by Naumann-Thienemann 
(Naumann 1931, Thienemann 1925, 1928). 

1'he papers by Sliwerski (1934), Szaflarski (1936), Stangenberg 

(1936, 1938), Olszewski (1951, 1953), Kondracki and A1ikulski (1958), 
Szczepanski (1958, 1961), Olszewski and Paschalski (1959), 

Paschals .ki (1960a, 1960h), Mikulski (1966), Schonborn (1966), The 
C atalog of Polish lakes ( 1954) and the unpublished data of A. Szc zepans ki 

• 
were the basis of a characteristic of investigated lakes . 

Thorough field and experimental investigations were carried out in five 
lakes: Flosek, Lisunie, Miko!ajskie, Sniardwy and Ta!towisko. 

II. METHODS 

The samples of bottom sedirr,ents used for analyses of organic matter, 
• 

calcium content and calorific value of their surface layer (to the depth of 
5 cm) were taken with the help of a tubular bottom sampler (K a j a k, K a c p r z a k 

and P o 1 k o w ski 1965). \Vith the help of this sampler three samples were 
taken from the deepest places of 50 lakes one e during the summer. Three 
sarnples vvere taken from five of the thoroughly investigated lakes during 

whole year in rnont~ly intervals; the deepest place of Mikolajskie Lake was 
sampled all the year in 2 and 4 week intervals. During the winter 120 samples 

were taken from the whole surface of Mikolajskie Lake, except for the littoral, 
to obtain materials on spatial differentiation of investigated indicators. 
Sediments were analysed to the depth of 5 cm. Changes in vertical section 
of sediments were also analysed. For this purpose . the samples were taken 
by the same tubular sampler (material was divided to 2 cm layers) 5 times 
from Miko!ajskie Lake and t"ice from lakes Sniardwy and Taltowisko. During 

the spring circulation and summer stagnation, san1ples were taken from Miko
lajskie Lake from near-bottom water layers, in order to analyse the oxygen 
content and to estimate the degree of losses of oxygen used for mineralization 
o £ bottom sediments. 
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Fige 1. Localization of investigated lakes 
Numbers,of lakes are the numbers given in Table I 



Tab. I 

The characteristic of investigated lakes 

• 

Area Maximum 
Nos. Name of lake Trophic type Location Remarks (in ha) depth (in m) 

-
1 Babi~ty Duze 246.9 65.0 o:-m esotrophy Mr«fgowskie Lakeland 
2 Biale Sejnenskie 23.2 12.5 eutrophy Su\\-alskie Lakeland 
3 Boczniel 18.5 4.3 eutrophy Suwalskie Lakeland Polymixis 
4 Borkowskie 3.0 8.C dystrophy Great Lakes L akeland 
5 Czarny Staw G<!sienicowy 17.9 51.0 oligotrophy Tatra l\1ountains U ltraoligotrophy, 

alpine lake 
6 Flosek 4.0 (?) 8.0 dystrophy Great Lakes L akel and Dystrophy regress-

. 
c.....c ing toward ~ 

= eutrophy ....... 
7 Gil Maly 57.2 6.2 eutrophy I!awskje L akeland Polymixis 

OQ 

,., 0 

8 Gl~bok.ie 47.3 34.3 eutrophy Great L ak:es L akeland Mean eutrophy :0 
9 Gryzewskie 4 .. 0 3.0 '-< dystrophy Great Lakes L akeland t:r' 

10 Guber 14.0 (?) ~ 1.0 eutrophy Great Lakes Lakeland P olymixis 
11 Hancza 305.8 108.5 oligotrophy Suwalskie Lakeland 
12 Inulec 

' 

178.5 7 .5 eutrophy Great Lakes L akeland 
13 Jelen 17.9 (?) 2.2 eutrophy Drawskie L akeland Polymixis 
14 Jorzec 48.5 11.0 eutrophy Great Lakes L akeland 
15 Juksty 322.2 30.0 eutrophy Mrq,gowskie Lakeland 
16 ]uno 383.7 40.0 eutrophy Mr~gowskie Lakeland 
17 Kociolek 7.8 36.0 eutrophy Mr'tgowskie Lakeland 
18 Kotek 42.2 1.0 eutrophy Great Lakes L akeland Polymixis 
19 Krzywe Wigierskie 138.9 28.5 f=>-mesotrophy Suwalskie L akeland 
20 Kuc 98.8 31.0 Mr<!gow skie L akel and 
21 Lisunie 14.8 (?) 8.5 eutrophy Great Lakes L akeland Advanci~g toward 

dystrophy ,......, 
I tl;ia. I 22 Litygajno 172.5 17.5 eutrophy E!ckie L akeland 

23 Lawki Duze 78.8 17~0 eutrophy Great Lakes Lakeland 
. 
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I . 
24 Lawki Mare 37.2 12.0 eutrophy Great Lakes L akeland r"'""""1 

25 Lazno ,CJt I 562.4 18.0 E!ckie Lakeland 
26 Majcz Duzy 167.5 13.5 eutrophy Great Lakes L akeland 
'Z7 Majcz Maly 22 .. 7 3.0 eutrophy Great Lakes L akeland P"olymixis, overgrown 
28 Mamry Polnocne 2,500.4 43.8 oli gotrophy Great Lakes L akeland 
29 l'v1ialkie 18.0 4.0 eutrophy Great Lakes Lakeland 
30 Miko{ajskie 470 .. 0 27.8 eutrophy Great Lakes L akeland 
31 Morskie Oko 34.9 50.8 oligotrophy Tatra Mountains U ltraoligotrophy, 

alpine lake 
32 Ol6w 52.0 24.0 eutrophy Great Lakes L akeland ol and the thermic con-

ditions vary from 
t:d 

the mean 0 
f'+ 33 Odo f'+ 113.6 20.0 eutrophy Great Lakes Lakeland 0 

34 Pi!akno 3 278.7 56.6 a-m esotrophy MrCJgowskie L akeland oligotrophy? 
35 Pi!wqg 135.1 Cb 

rtJ 
3.6 eutrophy E!ckie L akeland e: 36 P!ociczno 20.9 4.5 eutrophy Great L ak:es L ak:eland Floating shores in Cb 

s 
= f'+ some places 

37 Probarskie 00 209.3 36.0 eutrophy Mr~gowskie Lakeland 0 
38 Sunowo 176.3 20.6 Elckie L akel and 

~ 

""' 39 S~czek l:r' 3.6 3.0 dystrophy Great L ak:es L akeland C'D 

40 Smolaczek . 2.0 5.5 dystrophy -~ Great Lakes L ak:eland 
~ 41 Studnica 90.0 23.0 C'D Drawskie Lakeland 

42 Sniardwy t/! 
10,558.4 21.2 eutrophy Great L ak:es L akeland Polymixis 43 Tahowisko 323.5 39.5 ~ -mesotrophy Great Lakes Lakeland 44 Trzehiechowo 27.5 7.4 eutrophy Drawskie Lakeland 45 Wielimie 1,754.6 5.5 eutrophy Drawskie L akeland 

46 Wierzchowo 731.0 26.5 eutrophy Drawskie L akeland 47 Wigry 2,166.2 73.0 a-mesotrophy Suwalskie Lakeland 48 Wuksniki 125.0 66.5 oligotrophy Ilawskie Lakeland 49 Zelw~zek 12.1 7.4 eutrophy Great Lakes Lakeland 
50 Zielony Staw G ctsi enic ow y ·3 .8 15.0 oligo trophy T atra M ountains 0\ U ltraoligotrophy, V: -- • alpine lake -
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The organic matter content in sedin,ents was estimated by ashing in a muffle 

furnace. In the n1ajority of published papers the percentage content of organic 
matter in dry weight is based on the annealing of sediments in a furnace. The 
temperature and time of annealing was optionally treated by various authors. 
Sediments are ashed most frequently in the temperature 400 to 650°C for one 

• 
to several hours, and the loss on ignition is treated as a loss of organic matter 
(per cent of dry weight). P o v o 1 e do and G er .1 et t i ( 1964) suggested ashing 
in 600°, 650° or 750°C. Such an optional procedure in determining the organic 
matter conten ~. causes that the results obtained by different authors should 
be carefully compared. Artificially low results can be ohta~ned by ashing in too 

low temperature or in too short time. Destruction of calcium carbonate in too 
high temperature can re suit in an increase of loss on ignition. In such cases 
calcium carbonate can be regenerated by treating the ashed sample with water 
saturated with C02 and then drying it for the second time in 105°C. U n g e
m ac h ( 1960) analysed in detail the time of ashing of lake sediments. He 
found that during 1 hour of annealing of ,. a sample in 550°C, 0.3% of CaC03 

will be destructed, in 2 hours - 0.4%, in rnore than 4 hours - 0.6%. This 
destruction in temperature above 600°C is 2-3% in 1 hour and 10-20% in four 

hours. Ashing for 1 hour in about 550°C is known from recent American papers 
(Fr e y 1960, De C os t a 1964, Mu e 11 er 1964). A temperature of 550°C 
was applied by Goulden (1964), 600°C- by Ruscemi (1961). Ungemach 
( 1960 ), quoted above, recommends ashing in 550°C for 2 hours. This tempera
ture was used also by Stangenberg (1938) and T adaj ew ski (1956). 

The temperature of ashing wa·s established as 550°C and the time as 
5 hours, on the basis of the above quoted Ungemach's investigations. In 
a shorter period of ashing ( 1-3 hr) a constant weight of samples was not 

obtained . . Carbonates were riot regenerated as the temperature applied did 
not cause considerable losses of these components 1• Dry weight of san1ples . 
was determined after drying to the constant weight in oven in 105°C. 

The energy ~ontent of organic matter can. be estimated by use of the calo-
rimetry. This well known and described in handbooks method (8 a ran o w ski 

1950, Vi n be r g 1960) is commonly used, e.g. to estimate the calorific value 
of animals and food components (lvlev 1939, Richman 1958, Ostape~ija 
and Sergeev l%3), but not much attention was paid to the calorific values 
of bottom sediments. In this paper energy values of sedirnents w.ere determined 
with the help of a KL·-3 type of calorimeter with water jacket. 

()xygen dissolved in water was determined by ~' inkier method. In order 

to estimate the oxygen consumption by bottom s ediments the Warburg apparatus 
was used. This apparatus is commonly used to estirr,ate the biological oxygen 
demand in sewage investigations (Kongiel-Chahlo 1962, Kanska and 
Suchecka 196~) and recently also in investigations on the oxygen con
sumption rate of bottom sediments (Gardner and J ee 1965). A method of 

1 Experiments with carbonates regeneration were not successful. 
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"gradient'' tubes (Ry b a k 1966) was also applied, which allows to. analyse 
the oxygen concentration changes in the wate~ layer just above the sediment. 
Undisturbed samples of sediments, about 10 cm thick (having a natural struc
ture, 'together with the near-bottom water layer2

, 18 cm thick) obtained with 

the help of tubular bottom sampler, were incubated in organic glass · tubes . 
in constant laboratory conditions. Samples of water for oxygen analyses were 
.taken in 2 cm intervals by in.jection needless insert~d through the walls 
of the ''gradient" tubes, after the exposition period (24, 48 or 72 hr) 

Ill. CHARACTERISTIC OF BOTTOM SEDIM~N1'S 

1. The dependence on the trophic type 

Despite the . great number of papers dealing with th e chemical composition 
of the bottom lake sedirnents, only few of them an'alyse the character of sedi
ments in connection with the trophic type of the body of water. Class ification 
of sediments, based on their chemical cornposition, a llows to distinguish the 
type of sediment hut generally it does not correlate with the trophic type of 
the lake (S tang en be r g 193B). Organic matter content is the only c omponent 
of all elements of chemical con1position of sediments , which is conne cted with 
the degree of eutrophication of lakes. It is so, because the quantity of organic 
matter depends first of all on the production of pelagial, and only in a slight 
degree on the inflow from the outside of the lake. · 

Great differences in the quantity of organic matter in bottom sediments 
of various trophic types were often found (K u z ne c o v, S per an s k a .i a and 
Konsin 1939, De Costa 1964). Stangenberg (1949) presents for several 

lakes of Suwalskie Lakeland, in dependence on their trophy, the following 
values: 16-25% (oligotrop,hy), 18-25% (mesotrophy) and 23-69% .(eutrophy) 
of organic matter in dry weight of sediment. ·For peat-bogs this value was 88%. · 
0 e eve y { 1955) found on the basis of paleolimnological analysis of layers 
of bottom sediments that the organic matter con tent increases with an in-
crease of the degree of eutrophication of the lake. · 

Calci'um found in the sediments in the for.n1 of carbonate can be per~ipitated 
from water, carried down from the drainage basin, or deposited by infows. 
The occurrence of calcium in the sediments of lakes of various . trophy was 
analysed by many scientists dealing with the chemical composition of bottom 
sediments. K lust and Man n ( 1963) tried to find a connection hetw een the 
rate of cellul.ose fiber decomposition in lakes · with a different degree of eutro-

1 

phication and the occurrence ofcalciurn. Hansen (1959a, 1959b, 1961) divid-

2 In the stagnation period when the !lear-bottom water was deoxygenated, it was 

exchanged by water of a greater and known oxygen content. 
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ed the sediments of investigated lakes, mainly on the basis of calcium occurr
ence and showed that gyttia type of sedirnents from oligotrophic lakes contain 
greater quantities of this component than sediments of eutrophic lakes. The 
ana lysis of calcium occurrence made by S t ~ n g en b ~ r g (1 938) for the sedi
ments. of Suwalskie Lakeland showed, however, that calcium can occur in 
great quantities in the sediments of eutrophic and oligotrophic lakes as well. 
The problem of differences of calciun1 quantities in sedimen.ts of lakes of . 
various trophy is not then sl·oved. 

'fhe content of organic matter and c alcitirn, and the en·ergetic values of 

sediments from the profunda! of lakes were analysed in this paper in con
.nection with the trophic types of lakes. Investigations showed that the organic 
matter content ranges from ll to 83% in dry w~ight (Fig. 2). 'fhe majority of 
investigated lakes (eutrophic) have in their surface layer (5 cm) of bottom 
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Fig. 2. Organic matter content in bottom sediments of lakes of various trophic types 
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sediments lB-60% of organic matter. Distinguished trophic types of investi

gated lakes. showed significant differences in the content of organic matter 
in sediments. Individual lakes within a trophic type showed considerable 
variations of this value, hut the mean value was always higher than the highest 
value for lakes having ~ower organic matter content. Average values for all 
trophic types formed a sequence increasing with the advance of trophic type. 

The lowest organic matter content was found in sediments of dystrophic lakes. 
Measurements of calorific values of sediments were done paralelly with 

the estimations of their organic matter content (Fig. 3 and 4). These values 
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• Fig. 3. Calorific values of bottom sediments of lakes of VariOUS trophic types 

(call g dry weight) were within the limits of 700 to 2600 cal for the majority 
of investigated lakes (eutrophic ones), and their calorific value of organic 
matter ranged from 2400 to 7200 cal/ g. The increase of these both values was 
observed with an advance of trophy, analogically like for organic matter. 
Dystro.phic lakes were characterized by the highest calorific values (especially 

expressed per dry weight). 
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Fig. 4. Calorific values of organic matter of bottom sediments of lakes of various 

trophic types 

The calcium content in bottom sediments of oligotrophic and dystrophic 

lakes was low (Fig. 5). This element in sediments of eutrophic lakes showed 
considerable variations. 

F:utrophic lakes were divided into holomictic and polymictic. All indicators, 

except for the calorific value of organic matter, were on average higher in 
pol ymi ctic lakes (Fig. 2-5). 

2. Differentiations within a lake 

a. Spatial differentiations of bottom sedin1ents 

The chernical composition, consistence and colour of sediments are not 

the same within one lake (W i 1 son and 0 p dyke 1941). The differences in 
content of various substances, among others can be connected with the depth 
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• Fig. 5. Calcium content in bottom sediments of lakes of vanous trophic types 

and distance from the shore. Especially organic matter and calcium show con

siderable variations within one lake. Stangenherg (1938) during his in
vestigations of organic matter on 8 sampling points on lake Wigry found that 
it varies from 11.5 to 36. 7%. T ad aj e w ski ( 1956) found that the quantity 
of organic matter in sediments of lake Druzno decreases with the increase of 

the distance from the shore and it varies from 12.6 to 30.2%. The same author 
(Tada.ie\\"ski 1965, 1966) stated that the organic matter content was higher 

in profunda! than in the littoral of Kortowskie Lake, and it varied from 15 to 
30% in the open lake area. Investigations of En t z, Pony i and T a m as ( 1963) 

carried out in lake Balatqn showed that the organic matter content in dry weight 
of sediments was 42.% on average for the inshore parts (reed stands), and 7% 
(on average) for the central part of the lake. On the basis of material collected 
from over 100 sampling stations on Charzykowskie Lake (S tang en be rg 

-and Zemoytel 1952) it was found that the content of organic substances 
varied from 1.3 to 39.8% dry weight, while the most frequent results were 
25-30% on the whole bottom area of this lake. The littoral in this lake (less 
th~n 5 m deep) contained smaller quantities of organic compounds than the 

https://0.10-1.60
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central parts of the lake. Similar observations were made by I z j u r ova (1960). 
Mueller (1964), however, did not find any relation among the organic matter 
content in sediments and the depth of lake Winona. This author found th e highest 
value - 42% at the depth of 1.5 m, 17% of organic matter at the de pth o f 24 m, 
which is the deepest place oj the lake. The' variations within the profunda! 
zone was from 17 to 23%. Tu tin ( 1955) described the slight variations of 
organic matter content in lake Windermere, which was 25-28%. 

The spatial differentiations of organic matter, calcium and calorific value 
of bottom sediments of Mikolajskie Lake were analysed in this paper. A total 
of 120 samples were collected for this purpose from the whole are a of the 
lake (except for littoral) in March 1965. 

The organic matter content varied from 2 to nearly 30% dry weight. This 
indicator is from 18 to 24% dry weight in the central part of the lake (F ig. 6). 
It is distinctly lower near th e littoral and also in places clos e to the con
nections with la kes Ta!ty, Sniardwy and Beldany. The greatest diffe1·entiation ~ 
of organic matter content (2.2-29.8%) was found at the depth of 10 to 14 m 
(Fig. 7). This differentiation below 14 m was from 15.1 to 24.9% dry we ight. 
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Organic matter content showed a positive correlation with depth (correlation 

coefficient r = 0.6265 is highly significant for the level of a = 0.00 1) in the 

depth zone down to 14 m. There is only a small differentiation of organic 
matter content below the depth of 14 m (variation coefficient V = 0.1150)3 • 

Some transects of the lake shown as an example on Figure 8, illustrate the 
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Fig. 8. Organic matter content and the calorific value of bottom sediments on some 
transverse profiles of Miko!ajskie Lake 

1-6 - sampling points; a - 500 caV g dry weight of sediment, h - 10% of organic matter in dry 
weight of sediment 

\ 

discussed dependences of organic matter content. Smaller organic matter 

con tent on the near shore parts can be explained by the accumulation of the 
shells of molluscs, which artificially decreases the content of organic matter 
in the sample (per cent of dry weight). 

The spatia! differentiation of calorific values of bottom sediments of 

Mikolajskie Lake was studied paralelly with the organic matter differentia
tion. The results are presented on a map (Fig. 9). The calorific values of 
bottom sediments vary from several to 1200 call g dry weight. The sedinlents 
of a value 900 to 1200 call g dry weight occur in the central part of the lake 
(except for the ~W part where this value is lower). Parts near the littoral 
have lower calorific values of sed"iments. 

The dependence of calorific values of sediments on the depth of the lake 

(J 
3 The variation coefficient was calculated according to the equation: V = -=,where 

x · 
cr -: standard deviation, x - mean. 
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is similar to that of organic matter (Fig. 10) . The greatest differentiation is 

observed on the middle depths , from 8 to 14 m (the range of variations 

20-1170 ca ll g dry weight). The variations from 680 to 1100 call g dry weight 
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Fig. 10. The dependence of calorific value of bottom sediments on the depth of Mi

kolajskie Lake 

are found on the depth below 14 m. The calorific values of sediments show 

a positive correlation with depth, analogous to organic matter (the correlation 

coefficient r = 0.68 25 is highly significant for the level of a = 0.001). The 

dependence of calorific values of sediments on the depth is not observed 

below 14 m. The variation coefficient calculated for these data is very li ttle 

(V = 0 .0815). The calorific values of organic matter in sediments are similar 

to these above (Fig. 11); great variations are observed to the depth of 14 m, 

and below it varies much less, and stays within the limits from 4000 to 

5000 call g organic matter. The positive correlation of these values with the 

depth is observed in the zone to the depth of 14 m (correlation coefficient 

r = 0.8705 is highly significant Jor the level of a = 0.00 l). Variation co~fficient 

is little (V = 0 .0710) for the all samples collected on greater depths. rfrans

verse profiles of the lake with the calorific values of sediments plotted on 
. . 

them show a decrease of these values towards the shore, paralelly with the 

decrease of organic matter content (Fig. 8). 
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The distribution of calcium in sediments of Mikolajskie Lake is similar 

to the distribution of organic matter (Fig. 12). Calcium content shows, however, 

greater variations than other analysed indicators. The calcium con tent in NW 
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Fig. 11. The dependence of calorific value of organic matter in bottom sediments 

on the depth of Mikotajskie Lake 

part of the lake is lower than in other parts. Its con tent in dry weight of sedi

ments increases with the increase of distance from the shore. This fact is 

clearly visible especially in the central part of the lake. It is in reverse to 
• 

the results obtained by Stangenberg and Zemoytel (1952) in Charzy-

kowskie Lake, where central parts of the lake had lower calcium content than 

the parts close to the shore. 

h. Stratification of bottom sediments 

Investigations of stratification of various substances in bottom sediments 

dealt mainly with bottom sedirnent layers fron:t several to over ten meters 

(Korde 1959, Wi~ckowski 1963, 1966, Mackereth 1965), and often 

did not include the surface layer of sediments of several centimetres for 

technical reasons. The surface layers (several scores of centimetres) of 

sediments were investigated by: Nip k ov ( 1920), who described the appearance, 

stratification and content of calcium, ZUllig (1956), who analysed the 
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occurence of calcium, and Semen o vi~ ( 1Q66), who described the consistence 

and colour of successive layers of sediments of lake Ladoga. 
Vertical stratification of organic matter, calcium and calorific value of 

bottom sediments were investigated in this paper. The layer of sediments to 

the depth of 50 cm below the sediment surface was analysed. The research 

7o of organic matter in drv weight of sedtment • 
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was caiTied out in Mikolajskie Lake (organic matter, calciun1 and calorific 

values) and in lakes Tattowisko and Sniardwy (organic matter). Samples were 
collected with the help of a tubular bottom sampler of a surface of 50 cm 2 

allowing to analyse the subsequent layers 2 cm thick. 
I 

Changes of orga~ic matter content in the vertical profile of lake Sniardwy 
(Fig. 13) were determined on two depths: 17 and 7 m. Equal values were observ

ed in both cases, but in the first one, in a layer 22-26 cm below the sediment 
surface the organic matter content definitely decreases, returning to the pre
vious value on the depth below 30 cm. A gradual decrease of organic matter 
con tent with the increase of sediments depth was observ·ed in sediments of 

lake Taltowisko (Fig. 13). This decrease was observed down to 28-30 cm 
below the sediment surface. The organic matter content increases in l~wer 

sediment layers. Vertical differentiation of organic matter, calcium and calorific 
value of sediments were not observed in Mikolajskie Lake (Fig. 14) with the 

exception of the surface layer, where the increase of organic matter content 
and calorific value can be noticed and also the decrease of calcium content. 

A considerable decrease of organic matter content was observed only in deeper 
layers of sediments in this lake by W i ~ c k o w ski ( 1966) and explained as 
a result of segregation due to gravitation of mineral and organic molecules 
forming the sediments. 

The decrease . of organic matter content observed on the depth of 16-28 cm 
I 

belo~ the sediments surface in lakes Ta!t.owisko and Sniardwy proves the 
different history of these lakes than of Mikolajskie Lake. The quantity of 

organic matter increasing toward the bottom surface in Mikotajskie Lake and 
lake Ta!towisko is caused probably by the advancing eutrophication of these 
lakes. Lower calcium content in the surface layer of se dim ents of Mikota.i
s kie Lake than in deeper layers is probably connected with the increase of 
organic matter content in this layer. Equal organic matter content in surface 
layers of sediments from lake Sniardwy (in hoth investigated profiles) is pro
bably caused by the polymictic character of this lake. 

3. Time variations 

The intensity of depositing sedin1ents at the lake bottom is different during 

a year. A generous development of plankton in w'ater masses in vegetation 
period causes an increase of quantity of dead organisms and their metabolic 
products (mainly faeces) depositing at the bottom. The sediments quantity 
increases n1ainly . at the time of phytoplankton blooms (N i p_k o v 1920). The 
macrophytes debris, which are washed out from littoral especially intensively 
in autumn, and reach the bottom, can not he neglected. The qualitative com
position of plankton developing during a year is very important in forming the . 
surface layer of sedin1ents. Different quantities and composition of subste~nces 
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depositing at the bottom should be reflected on the organic matter content of 

sediments and on their calorific value. Biological decalcification is especially 

intense during the increased photosynthesis process and has then a considerab
le influence on the chemical composition of surface sediments layers (S tan

g en be r g and others 1957) fonned at that tiine. 

The mineralization processes, that are changeable during a year, have, 
apart fron1 the above mentioned factors, an influence on the composition of 

bottoq1 sediments. These processes are strictly dependent on the oxygen content 

in water and temperature. These both factors are greatly variable within . a year 

in our climate. 
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T'he time variations of the organic matter content and of calorific value 

of the surface layer of sedirnen ts were analysed in the deepest place of Miko
{ajskie Lake in the years 1965 and 1966. One and five cm layers of sediments 
were analysed every 4-6 weeks. An analysis of calcium content in sediments of 

5 lakes (with various trophy) frorn the surroundings of Mikolajki were also 
made. 

The organic rnatter content in sediments of .i\:1iko!ajskie Lake shows during 
a year variations from nearly 20 to 29% dry weight (Fig. 15). Two n1axima 

·were observed: first in June and the second one in October. The organic matter 

content is similar in both analysed layers (1 and 5 cm of sedirnents), with 

the exception of autumn (in 5 Gm layer it is slightly lower). Annual changes 

of the calorific value do not correspond ~ ith changes of organic matter content 

(Fig. 15). Slow and even increase of calorific value of sediments is observed 

during the winter stagnation and spring circulation, later - an equally small 
decrease. The calorific value of organic matter in sediments is characterized 

by a considerably greater variation (F'ig. 15). Two peaks of calorific value, 

similar to these of organic matter, occur, but do not correspond in time with 

peaks of organic matter. The increase of calorific value of organic matter 
starts during the winter stagnation and reaches its highest values (over 
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4500 c al/ g organic matter) at the end of stagnation. The second increase of 

calorific value of sediments is observed during the summer stagnation. The 
increase of calorific vaiue of organic matter in the time of both stagnations 

is probably due to the intensive reduction processes (oxygen depletion near 

the bottom), and it can be connected with the different composition of tripton 
depositing on the lake bottom during the year (Law a c z 1967). 

The c a le i u m c on tent in sed im en ts of lakes of v ari ou s trophic types is 
ahnost equal in all seasons (Fig. 16). In mesotrophic, eutrophic and holomictic, 
and in eutrophic and polymictic lakes a small increase of calcium content was 

, 
observed at the end of summer stagnation, or even at its beginning (Sniardwy 
and Taltowisko), i.e. in the period of intensive photosynthesis processes .. 

IVo THE PROCESSES IN BOT1'0M SEDIMENTS 

1. 0 xy g en c o n s u n1 p t 1 
• o n as an indicator of mineralization 

The mineralization, process with the participation of oxygen dissolved 

in water, enables the return of many substances from sediments to water 
masses (Semenovic 1957), and is an important factor influencing the pro

ductivity of water bodies. One of the results of mineralization are the quantita

tive changes of oxygen used in this process. Bottom sediments use the oxygen 

mainly from near-bottom water layers (A 1st er be r g 1922, 1927), which causes 
an establishment of a near-bottom layer of water with oxygen stratification 

(Alsterberg 1935). The oxygen depletion in the near-bottom water layers 

was observed several tin1es in many eutrophic lakes having sedirr1 ents rich 
in organic matter. It was also observed in oligotrophic lakes (Brundin 1951) 
and in the sea (Brouardel and Fage 1955). 

l\1easurements of biological oxygen demand, commonly used in investigation 
of sewage waters, are the most often used method to estirr1ate the oxygen con

sumption of bottom sediments in laboratory. fhis method is suggested by 
Caspers (lQ62) who recornmends BOD-1. The \Varburg apparatus can be 

also applied for this estimation (Kan s k a and Such e c k a 1964). In these 

both methods the natural structure of sedirnents is destroyed (sedirr,ents are 
mixed during - the incubation period). 

A method of · analysing the oxygen consumption by bottom sediments in 
natural conditions was originally presented by G amharj an (1952).It depends 

on lowering to the bottom a cylinder for sampling the bottom and near to it 
water layer. A quantity of oxygen left in water after the period of exposure 

can be measured. This method does not, however, take into consideration the 
magnitude of oxygen gradient in the near-bottom water layer. The oxygen de
pletion thanks to the known negligible diffusion of oxygen in water and a lack 

of mixing of near-botto1n water does not allow oxygen to reach the sedin1ent, 

and thus artificially lowers the obtained results. Another method is proposed 

https://1952).It


-------
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by E d wards and R o 11 e y ( 1965). These authors after collecting the samples 
similarly to G ambarj an, mixed the water in cy linders during all experiments 
to avoid the establishment of oxygen gradient on the water-sediment boundary. 

All so far applied methods of investigations 'of oxygen consumption by 
bottom sediments in natural and laboratory c onditions concerned either mixed 
sediment samples, i.e. with changed natural structure, and so not answering 
the natural conditions of the lake pro fundal, or did not take in to account the 
oxygen depletion fonned just over the bottom. 'fhe method applied by 1\1 or timer 
(1941, 1942) to estimate the red·ox potential in the surface layer of sediment 
and in the water just over it, can not be applied, however it does not demand 
either the mixing of sediment or water when inv estigating the oxygen con
sumption of deposits. 

Investigations were carried out to find a method to detennine the mineraliza ... 
tion of organic matter in bottom sediments. In the near-bottom water layer of 
Mikola.jskie Lake4 , similarly to other eutrophic lakes, oxygen depletion was 
found as a result of oxygen analyses during the time of stagnation. Strong oxygen 
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Fig. 17 o The dependence of oxygen content in near-bottom water (50 cm above 
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the 
bottom) on the depth of Mikolajskie Lake 

1 - July 14, 1965, 2- August 3, 1965 

4 The water samples for oxygen analyses were taken with the help of Ruttner sampler, 
w hi eh was closed 50 cm from the bottom, in various places at the lake. 
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··--------------------------------------------------~----------------

depletion is observed below the depth of 14 m (Fig. 17), in hypolimnion. A total 

lack of oxygen was found below 20 m. Oxygen concentration was also analysed 

in the near-bottom water in the deepest place of Miko{ajskie Lake during the 

autumn circulation. The oxygen should then be equally dispersed in the whole 

colurnn of water from the surface to the bottom, as the water masses circulate 
in the whole lake. Samples for analyses of oxygen content were taken ·from 

the 'near-bottom water by the use of a modified tubular bottom sampler (R y b a k 

1966) allowing to sample a 50 cm long column of near-bottom water (with 
sediment). Samples were obtained from the apparatus in two centimeter inter

vals: first one from water directly contiguous to the sediment surface, the 

second - 2 ctn higher, etc. Investigations at the beginning of water circula

tion in lake (Fig. 18, curves 1 and 2) showed an appearance of oxygen deple-
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1- October 20, 1965, 2- October 26, 1965, 3- January 29, 1966 



637 [27] Bottom sediments of the 1 akes 

tion progressing in time in the 2 cm near-bottom water layer, and homooxygena

tion of all other water layers. An analysis made at the beginning of winter 

stagnation (Fig. 18, curve 3) showed a considerable progress of oxygen de-
• • 

pletion reaching 10 cm from the bottom. At the same time an oxygen stratifica-
tion can be noticed in the upper water layers. These results show an intense 

oxygen consumption by bottom sediments apart from the constant inflo·w of 

well oxygenated water from upper lake layers during circulation. 
An experiment for detennining the influence of the disturbed structure of 

s ediments on the rate of oxygen consun1ption was carried out in \Varburg appara

tus. Quantities of oxygen used by bottom deposits of the same surface con

tacting the water (1 cm2) were measured in two series. Samples in one of these 

series were mixed in order to disturb the natural s :tructulre of sediments; the 
second series contained samples with undisturbed natural structure 5 
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oxygen consumption of both series was similar and relatively high in the first 

40 hr of experiment (Fig. 19). From then the rate of oxygen consumption of 

undisturbed samples is decreasing, while this of mixed samples stays on 
a relatively high level. Close to the end of the experiment the oxygen con

sumption of samples with mixed structnre is more than twice higher than that 

of the natural structure. This fact proves than an oxygenated layer of sediment 
is fonned just on its surface, which after a short time isolates water from 
the sediment below it. Sediment mixing causes also its loosening and thus 

helps the penetration of water to deeper layers of sedim ents and oxidation of 
particles below its surface. 

The results presented above prove that in the investigations of oxygen 

changes caused by consumption of bottom sediments a method should be 

applied allowing to preserve natural structure of sediments and to observe 

the character of oxygen stratification above the sediment. Both these condi

tions are fulfilled by the previously described method of "gradient'' tubes 

(Ry b a k 1966). The size and formation rate of oxygen gradient above the 

bottom shows the intensity of mineralization processes of organic rnatter in 

surface layer of sediments. 

2. The course of mineralization in various conditions 

The rate and character of mineralization of organic matter in bottom sedi

ments depends on the composition of substances reaching the bottom (K u z ne

cov 1950, Tutin 1955) and on the character and depth of the water body 

(S k o pin c e v 1949, Le p ne v a 1950). A great role in it plays the bottom 

fauna (Lepneva 1950, Cekanovska .ja 1962) and microorganisms activity 

(Skadovskij 1941, Kuznecov 1951). A significant influence on the 

mineralization of organic matter of bottom sediments have also the physical 
and chemical conditions in the near-bottom water layers and in sediments. 

These conditions can have a direct influence on the mineralization processes 

and _also on organisms, conditioning the character of processes in sediments. 

The temperature is one of the n1ore important factors because on it to a great 

extent depends the development of organisms (E d wards and R o 11 e y 1965) 
and the rate of mineralization (Stalmakova 1941). Quantity of oxygen dis

solved in water is an important factor of organic matter decomposition. B ai ty 

(1938) investigated the sewage deposits and found that their oxygen consump

tion does not depend on the oxygen concentration in water above them (at 

a concentration of 2-5 mg 0 2/ 1), but later investigations by Edwards and 

Rolley (1965) showed the presence of such dependence. These authors 
found tnat oxygen consumption increased 6 times with a 5 times increase 
of quantity of oxygen dissolved in water (at a concentration 2-10 mg 0 2 / D. 
On the basis of these data it can be assumed that the quantity of oxygen 

https://Cekanovska.ja
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dissolved in the near-bottom layer of water should condition the rate of miner

alization and the size of oxygen gradient in the water just over the bottom. 

Bottom rnacrofauna due to its size and a possibility to penetrate the deeper 
layers of sediments has a significance mainly for circulation of substances 

among sediments · and overlying water layers (R.ossolimo 1939, 'fesse
n o w 1964). Due to their feeding in deeper sediment layers animals (mainly 
Oligochaeta) cause the carrying up of substances to the surface of sediments. 

By disintegrating many particles and a partial decomposition of substances 
into more simple compounds (C ekan ovskaja 1962) the macrofauna enriches 

the bacterial flora (G an a pat i 1949). 

The substances carried out from deeper layers to the sediment surface 

increase the oxygen demand of sediments. Il os so 1 i m o ( 1939) calculated 

that Chironomus plumosus larvae in lake Beloe (of the density 700 indivi

duals/rn2) carry out to the surface of sediments such a quantity of substances 

~vhich require for oxidation 11.6 mg () 2/ day. 

~" considerable quantity of oxygen is also used for the respiration of bottom 

fauna. The problem of benthos respiration was investigated by rr1any authors. 

Oxygen consumption by various species in different temperatures and in various 

concentrations of oxygen dissolved in water were calculated. The results 

obtained by n1any authors often differ. Re r g and J 6 n ass on ( 1 Q65) in vesti
gated the oxygen consumption of Tubi[ex barbatus and Chironomus anthracinus 
and their results were three times higher for the former and 5 times lower for 

the latter than the results for these species as given by Be r g, J 6 n ass on 
and ·o c k e 1 man n ( 1962). The differences in_ quantities of oxygen used during 

respiration by bottom invertebrates can be a result of increased respiration 
• 

rate due to the separating of these anirnals from their natural substratums 
during the measurements (f~ riksen JQ6:1). Jonasson (1964) found that the 

respiration slows down (in some cases over 20 titnes) with the decrease of 
·. 

oxygen concentration in water. Also a considerable survivorship of many 

species of Oligochaeta and Chironomidae larvae in anaerobic conditions was 

observed several times (Cole 1921, Jonasson 1961). 
'The role of bottom macrofauna does not concern only the processes dis

cussed above. [ts activity causes sorne changes in the sediment environment, 

which are not due only to carrying out substances from the . deeper layers of 
sediments to the bottom surface. The presence of animals in sediments also 
causes an increase of the number of bacteria. [nvestigations of Sin i c a (1941) 

showed a stimulative influence of the presence of Chironomus plum.osus larvae 

on the development of bacteria in seaiments. Secretion of salivary glands, the 
cases and paths of larvae are a very good nourishment for several groups of 
bacteria. 'fhe presence of macrofauna in sedintents should have an influence on 

the oxygen consumption by these sediments and thus on the intensity of miner

alization processes of organic matter. 
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In this paper were analysed the influence of oxygen concentration in water 

and the kind of water used in experiments (surface and near-bottom water) 
on the oxygen consumption by bottom sediments, and also the influence of 

macrobenthos on this phenomena. 
An experiment was carried out to find the size of oxygen gradient over 

the sediment at a decreasing concentration of oxygen dissolved in water. 
Bottont sedirnents of Mikolajskie Lake, with undisturbed structure, were in

cubated in ''gradient" tubes in conditions close to natural ones (darkness 

and temperature). The water over the sediment contained 9.0 mg 0 
2
/ l. Samples 

were exposed from 24 to 96 hr. An oxygen gradient characterizing the oxygen 

consumption used for mineralization processes of sediments was established 

over the sediment (Fig. 20). The rate of oxygen consumption considerably 
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Fig. 20. Oxygen consumption by bottom sediments of Mikolajskie Lake (the method 
of ''gradient" tubes) August 1965) 

Expos ure time: 1- 24 hr., 2- 48 hr., 3- 7 2 hr., 4- 96 hr, 
·. . Oxyge~ consumption in 44 cm3 o£ water 

decreases during the time of experiment. During the first 24 hr the difference 

between the oxygen consurnption in the water layer just over the bottom and 
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in the water layers 2 cm from the bottom surface was 0.145 mg 0 2 , in the 
· following days consequently: 0.140, 0.130 and 0.120 mg 0 2 • This is probably 

a result of decreasing oxygen concentration in water, however the decreasing 

oxygen demand of sediments as a result of progressing mineralization and 
a lack of sedim entating organic matter can not be neglected. 

The size of oxygen gradient in the near-bottom water layers also depends 

on the kind of water used in experiments (Fig. 21). A different degree of oxygen 
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Fig. 21. Oxygen consumption by bottom sediments of Mikolajskie Lake (the method 
of "gradient" tubes, October 1966) 

Exposure time 24 hr. 

1 - surface water, 2- n ear·hottom water 

Oxygen consumption in 44 cm3 of water 

depletion was found, in water overlying sediments if the lake surface or ='ear
bottom water was used in experiments, however both of these kinds of water 

had· the same oxygen content (9 mg/ 1). The oxygen consumption from the near

bottom water was not only greater than from the surface water, hut it also had 
a wider range and covered a thicker layer, what is shown by the curv e of oxygen 

consumption twisting on the fourth centimetres above the sedim ent surface 

(Fig. 21, curve 2) . 
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The influence of bottotn fauna on the sediments oxygen consumption was 

measured with the help of Warburg apparatus and "gradient" tubes. The oxygen 

consumption of sediments deprived of macrofauna and sediments inhabited by 

Chironomus plumosus L. and Limnodrilus udekemianus Claparede were analysed. 

In the experiment performed with the help of Warburg apparatus it was 

found that Ch. plumosus caused an increase of oxygen consumption greater 

than 260%, while L. udekemianus - 300% (Tab. [1). With the help of "gradient" 
... 

tubes a considerable increase of oxygen consumption was also found for 

samples with animals added (Fig. 22). An increase of Chironomus plumosus 

larvae to 3500 (as calculated for 1 m2 of bottom surface) caused an increase 
• 

of oxygen consumptior. from the near-bottom water about 50%. It should he 

noticed that in experiments the respiratory movements ·did not dis tu rh the 

formation of oxygen gradient. 

Oxygen consumption by bottom sediments and macrobenthos (detennined in Warburg's 

apparatus) 

A - varjant with Chironomus plumosus (4 individuals/ 3 ml of sediment), B - variant with 

Lirnnodrilus udekemianus ( 10 individuals/ 3 ml of sediment) 

Results in 1-11 ~/ hr. 

Tab. II 

Elements compared A B 

Oxygen consumption by 3 ml of bottom sediments 

deprived of macrobenthos (a) 28.54 11.20 

0 xygen consumption by 3 ml of bottom sedim ents 

after addition of animals (b) 76.77 33.67 

b The increase of oxygen consumption after 
-·lOO 

inhabiting of sediments by animals, in % a 268 300 

Oxygen consumption by c:)nimals added to 

sediments (c) 28.66 • 10.97 
. 

The increase of oxygen conswn pt1 • on through 

the presence of animals b- (c +a) 19.57 lL50 
. 

In the next experiment oxygen consumption of the two discussed above 

invertebrate species was measured by two methods: in Warburg apparatus and 

in glass bottles of the capacity of 2fj) ml. The experiment was carried out 

in 20°C. The idea of the experiment was to create different oxygen conditions: 

great oxygenation in Warburg apparatus and a sm~l one in bottles (suc.cessively 

decreasing during the experiment). The degree of oxygen consumption by in

vestigated organisrns was different (Tab. Ill); higher in Warburg · apparatus, 
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oxvgen consumpnon (in mq) in particular water lavers • 
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Figo 2 2o Oxygen consumption by bottom sediments and macrobenthos (the method of 

"gradient" tubes, exposure time 48 hr.) 
1 - control, 2- with Chironomu s plumosus ( 3500 individuals per 1m2) 

Oxygen consumption in 44 cm3 of water 

Oxygen consurnption by Chironomus plumosus and L imnodrilu s u dekemianus 
Results in j..l} 0 2 / g dtj· weight/hr. 

Tab. Ill 

Warburg's apparatus* Bottles 250 rnl** 

Stock of animals • Mixed Species Not 
during the (individuals) 

mixed 
experiment 20 40 

Chironomus plumosus 1,310 1,091 370 405 

L imnodrilus udeke-
. 

• m'anus 1,146 867 493 554 

*Time of experiment 10 hr., mixing with the frequency of 60 cycles/ min. 
**Time of e).."J)eriment 6 hr.; the initial oxygen content 9 mg 0:/ 1;. bottles were shaken in 

30 min. intervals. 
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and especially high in a variant V'fith co.nstant stirring of samples. The oxygen 

consumption in bottles was lower, as the animals use only the oxygen dissolved 

in 250 ml of water, and both numbers of animals used in experiment (20 and 
40 individuals) showed only slight differences. 

The discussed above oxygen consumption by bottom sedirn ents inhabi~ed 
by macrofauna can he a result of increased respiration of animals, increased 

rate of oxygen consumption by deposits due to the presence of animals, or 
both of them. Quantities of oxygen used by sediments (Tab. ll) inhabited by 

animals (b) were compared with quantities of oxygen used by sediments without 

animals (a) and by animals themselves (c), and therefore it can be stated 

that the presence of Chironomus plumosus in the bottom environment increases 
the oxygen consumption of sediments some ,19 ~1 0 2/hr/ 3 ml of sediment (some 

1.5 times); and the presence of L imnodrilus udekemianus - some 11 1-1l 
0 2/hr/3 ml of sediment (sotne 2 times)6

• This increase of oxygen consumption 
should be refeiTed to the presence of animals in sediment environrr1ent and 
their influence on microorganisms. Assuming after Er i k se n ( 1963) that the 
respiration processes of bottom macrofauna are slower in the sediment, the 
influence of animals upon the mineralization processes would he in reality 

even greater. 

3. The course of mineralization of various sediments 

The quantity of oxygen used from the near-bottom water layers in the oxida

tion of organic matter and in the life activity of organisms depends on many 

factors. Thes~ are, among the others, character of a reservoir, its trophy and 

the depth from its surface to sedim ents. The magnitude of oxygen depletion, 

which forms over the sediments is an indicator of the degree of oxygen demand 

by sediments of the lake. 
The magnitude of oxygen depletion over bottom sediments of lakes with 

• 

various trophic types was measured with the help of ''gradient" tubes. Sedi-

ments from 5 lakes from the surroundings of Miko!a.iki were investigated. The 
experiments were done in darkness and in constant temperature conditions 

• 

similar to these in the hypolimnion . Different gradients were obtained for 
near-bottom water of various lakes (Fig. 23). The smallest gradient was formed 
over the sediments from eu~rophic and polymictic lake, i.e. over the sediments, 
which always obtain oxygen from the upper water layers of the lake. The 

steepest gradients (the most intensive oxygen consumption) were observed 

over sediments from dystrophic and eutrophic lakes. The obtained results were 

partially confinned by measurements of oxygen consumption of sediments from 

6 It should be assumed that the quantities of oxygen used for respiration are equal 

for animals separated fron1 their natural environment and for those in the natural sedi

ment environment. The oxygen conditions were the same in both variants. 
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Figo 23. Oxygen consumption by bottom sediments of lakes of various trophic types 

(the method of "gradient" tubes» July l966ll exposure time 24 hr.) 
1 - mesotrophy (lake Taitowisko), 2 - eutrophy-polymixis {lake Sniardwy), 3 - ·eutrophy (Mi

ko:laj skie Lake), 4 - eutrophy advancing toward dystrophy (1 ake L isunie) • 5 - dystrophy (lake 

Flosek) 
Oxygen consumption in 44 cm3 of water 

these lakes obtained in Warburg apparatus (Tab. IV). The measurements in 

standard conditions with a full access of oxygen to sedirnents showed that 
most of oxygen was used by sediments from eutrophic lake advancing toward 

dystrophic one, least- by sediments from eutrophic-polymictic lake. 
Strikingly low (incomparable with the results obtained in "gradient'' tubes) 

oxygen consumption of sediments of dystrophic lake needs a special discussion. 
It results from the specifity of the applied method. In the Warburg apparatus 

the changes of gases pressure of the sample are measured in a manometer. 
In the discussed example the sediment stayed for a long time in anaerobic 
conditions. lt probably caused intense bacterial processes due to great accumu
lation of organic matter. As a consequence of these processes gases produced 

by the investigated sediment influenced the manometer reading. Several times 
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Oxygen conswnption by 1 cm layer of bottom sedirnents of lakes of various trophic types 

(determined in Warburg's apparatus)* 

Tab. IV 

Oxygen consumption 
Date Depth (in ~1/hr/ g dry weight Trophic type of lake ( 1966) (in m) of sediment) 

. 

Mesotrophy (Taltowisko) 18 IX 16 124 
' 38 331 

, 
Eutrophy-polyrnixis (Sniardwy) 30 IX 8 153 . 

. 
Eutrophy (Mikolajskie) 5 IX 16 175 

. 26 360 

Eutrophy advancing toward dystro-
phy (Lisunie) 30 IX 8 914 

Dystrophy ( Flosek) 30 IX 8 256 

*Duration of experiment 10 hr.; sediments were mixed with the frequency of 60 cycles/min. 

during the oxygen gradient investigations over the s ed.iments from Mikolaj

skie Lake were observed whole patches of sediment moving up, due to an 

evolution of gases. This took place during the lake summer stagnation (end 

of September - · beginning of Octo her). 

The depth at which the sediments are situated has also a considerable 

influence upon their oxygen demand. It can be stated that this demand is more 

than twice less for sediments from the depth of 16 m than for those at the 

deepest places of investigated lakes, and that it is similar in both lakes 

apart from their various trophy (Tab. IV) . . 

The oxygen demand of bottom sediments changes during a year as a result 

of various conditions in the near-bottom zone during the times of stagnations 

and circulations. Samples of sediments collected in these two periods, from 

Miko!ajskie Lake, were incubated in ''gradient" tubes. The established oxygen 

gradients over sediments in these two periods differ to a great extent (Fig. 24). 

A great oxygen demand formed near the bottom du.e to an oxygen ''hunger" 

causes an increase of oxygen gradient in near~bottom water. This gradient 

enlarges with the progress of stagnation (Fig. 24). 'A similar situation was 

obs erved during the autumn circulation: at the beginning of this period the 

gradient formed over sed.iment is larger than the one formed during the well 

advanc ed circulation (Fig. 24). Thus it is visible that the longer is contact 

of bottom s ediments with oxygen, the smaller is the gradient formed over them. 

A long lasting measurement of oxygen consumption of bottom sediments (200 hr) 

was made with the help of Warburg apparatus (Fig. 25). It was found that at 

the beginning of the experiment the oxygen consumption of sediments from 

.. 
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th e peri od of s ummer- stagnation is v ery large7
• The ra te of oxygen consumption 

is clearly decreasing after some 40 hr of . experi ment. On · the oth er s ide the 

rate of oxygen consurnption of sediments collected during the autumn c ircula-
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Fig. 24. Oxygen consumption by bottom sediments of Mikolajskie Lake (the method of 
''gradient'' tubes, exposure time 24 h r.) 

. . 
Summer stagnation 1965: 1- July, 2 - August; autumn circulation 1965: 3 - 0 ctober, 4 - November 

Oxygen consumption in 44 cm3 of water 

tion is more even and the quantity of used oxygen is similar. As in both cases 
sediments with undisturbed structures were investigated, the results obtained 
inform about the oxygen demand of the surface layers of sediments. A twist 

of oxygen consun1ption curve during the first few hours of experim en~ with 
sediments fron1 the stagnation period is probably caused by the evolution of · 

gases from sedimen ts to respirometer. 

7 This is confirmed by findings of Gardner and Lee (1965), who d~ring the 
investigations of oxidation of lake Mendota sediments found that half of the total 

quantity of oxygen consumed by these sedhnents during 45 days experiment was con-· 
s umed in the first 3 days. 
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Fig. 25. Cumulative oxygen consumption by bottom sedirnents of Mikolajskie Lake, 
with undisturbed structure (measured in Warburg's apparatus at 20°C, area 1 cm2 ) 

1 .~... period of summer stagnation (August 1964), 2 - period of autumn circulation (October 1964) 
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The oxygen consumption of different layers of sediments was also measured. 

Samples of sediments were collected with the help of tubular bottom sampler 

and then divided into separate layers without disturbing the natural structure. 

The measurements were done by Warburg apparatus in standard conditions. 

Qxygen consumption of sediments of lakes Taltowisko an.d Mikolajskie was 

analysed. This consumption clearly decreases with depth of sediments layer 

(Fig. 26). All layers of ·S ediments of n1esotrophic lake use a smaller amount 

of oxygen than the equivalent layers from eutrophic lake. 

V. DISCUSSION 

The differentiation of sediments of investigated lakes is quite considerable 

from the point .of their organic matter content, energetic value and the calcium 

content (Tab. V). 

The characteristic of bottom sediments of 50 lakes 

Tab. V 

Elements· compared Mean Range 
. 

. . 

% of organic matter in dry weight of sedirn ent 43.52 11.22--83.41 

Calorific value of 1 g dry weight of sediment 2,110 235-5,469 

Calorific value of 1 g organic matter of sediment 4,379 1 '197 -7' 198 

% of calcium in dry weight of sed!rnent 9.51 0.10-25.20 

A proper dependence was found between the organic matter content, calorific 

value of sediments, calorific value of organic matter and the trophic type of 

lake (Fig. 27). Among the distinguished group~ of lakes the dystrophic lakes 

h ad the most unchanging character (Fig. 2-4). This is certainly a result of 

their great morphological similarity and a similar location (midforest), which 

makes the environmental conditions more stable than those of other lakes. 

Bottom sediments undergo considerable changes in ·· time and space (de

pending on the zone of a lake). An analysis of this problem on the example 

of Miko!ajskie Lake (Fig. 15) showed that the changes of organic matter content 

in time are within the range 20 to 29%, the calorific value of sediment - 700 

to 1090 cal/ g dry weight of sediment, and the calorific value of organic matter 

- 3056 to 4530 call g. 
The lake zones have sediments of a different character. This is confinn ed 

. 

when analysing all the investigated indicators. ·The character of sediments 

from shallower places (to 14 m) is especially variable and depends on . the 

depth. This differentiation in case of organic matter content is 2 to 29%, of 

calorific value - from some to 1160 call g dry weight of sediment, and of 

the calorific value of organic matter - 7fiJ to 5175 call g. The di-fferentiation 

https://0.10-25.20
https://11.22--83.41
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of sediments from deeper places is not great (as confirmed by statistical 
• 

analyses). This small differentiation of sediments under the hypolimnion zone 

(below 14 m in case of Mikolajskie Lake) shows that they can characterize 

well the given lake. 
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Fig. 27. Organic matter and calcium content1 calorific value of sediment and organic 

matter ·of bottom sediments in lakes of various trophic types 
1 - cal/g dry weight of sediment, 2- caV g organic matter of sediment, 3-% of orjganic matter 

in dry weight of sediment, 4-% of calcium in dry weight of sediment 

Seasonal changes of the aistinguished indicators in bottom sediments 

from hypolimnion are considerably sn1aller than the spatial differentiation within 

a lake. 
An attempt to combine the trophy of lakes with calcium content in their 

sediments did not result similarly as in the case of indicators discussed above 

(Fig. 27). A low calcium content was observed in sediments of oligotrophic 

and dystrophic lakes, and a very differentiated one in sediments of eutrophic 

lakes. A great differentiation of calcium quantities in sediments of eutrophic 

lakes is connected with considerable differentiation of these lakes (-various 

character of their drainage basins). Calcium plays an important role in the 

formation of bottom sediments mainly through its precipitation from water 

(Rut t ne r 1965), however large quantities of it can get in there from the 
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drainage basin. The precipitation of calcium, known as biological decalcifica

tion (the precipitation of sparingly soluble calcium carbonate), is especially 

intense in conditions where C02 is lacking in water. The decalcification de-
• 

creases in situations, when respiration and organic matter decomposition pro-

cesses are not so intense (Stangenberg and others 1957). Assuming that cal

cium in the sediments is chiefly originating from biological decalcification pro
cesses, and that its content depends mainly on the intensity of atgal photo

synthesis in mid-lake water, it can be expected that in the final period of 

spring circulation and during summer stagnation the calcium of biogen origin 

is intensively deposited (Thomas 1956). It is possible , that the increase 

of calcium content observed in three lakes (Mikolajskie, Sniard wy and T~lto-

wisko) during summer stagnation was due to intense precipitalt tHl of calcium 

in that period (Fig. 16). On the other side the process of calcium precipita

tion from water is held up by processes of decomposition of organic matter 

during stagnation period. Small amounts of calcium in sediments of dystrophic 

lake and eutrophic one advancing toward dystrophy, and a lack of visible 

changes in time are connected with the midforest locality of these lakes (very 

small inflow from the drainage basin~. 

A dependence among the occurrence of c~lcium and organic matter described 

by Tadajewski (1956) from the lake Df1uzno was not confirmed by these 
• 

materials. 

The calorific values of organic matter from bottom sediments are within 

some broad limits: from 760 to 7100 cal/ g (Fig. 4 and 11). Large differences 

of calorific values are observed among the investigated lake·s and also among 

different zones of the same lake (Mikolajskie Lake) . . 

An analysis of the dependence of organic matter content in sediments and 

its calorific value is linear for sedirnents of lakes with various trophy 

{Fig. 28) 8 
• The correlation coefficient calculated for all samples is r = 0.5789 

and is highly significant for the level of a = 0.05. The above correlation in con-
nection with the phenomenon that the calorific value of sediments depends 

mainly on their organic matter content causes that a linear dependence be

tween organic matter content a!ld calorific value of investigated lakes can he 

observed. Both these indicators increase with an advance of trophy of lakes 
• 

(Fig. 29). Data from dystrophic lakes are also situated according to thi s 

linear dependence. Thus the discussed dependence is a good indicator of l a ke 

trophy. 

8 This dependence is not true for some samples. These samples had a con.siderab ly 
high (as compared with rest of samples) amount of calcium. It is possible that calcium 

influenced the calorific value of sediments and at the same moment their organic 

rnatter. Investigations of Pain e ( 1966) shown that calorific value (as detennined . . 
in calorimetric bomb) depends on the quantity of CaC03 , as some part of heat produced 

bv combustion is used for endothennic reaction of calcium carbonatae destruction • . 
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Lower calorifi c values of organic matter from sediments of oligotrophic 

and mesotrophic . lakes and of eutrophic-polymictic lakes (Fig. 4) and also 

from shallow parts of eutrophic lake (Fig. ll) can be explained on the basis 
o f data obtained by K o n o n ova ( 1958) by : 
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Figo 28o The dependence of organic matter content on calorific value of organic matter 
of bottom sediments in lakes of various trophic types 

l) A high degree of oxidation of organic substances in such type of environ

ment (large quantities of oxygen have an access to sediments for more than 
half of a year). Oxidation of organic matter decreases the amount of carbon 

thus causing the decrease of calorific value of this substance; 

2) The non-saturated character of compounds of the soil and bottom sedi

ments type; 
3) High organic nitrogen content in these substances. 

On the other hand a high calorific value of organic matter \\: as found in 

sediments of dystrophic lakes. A degree of oxidation of these sediments is 

very small due to long periods when there is a lack of oxygen in near-bottorn 

water in connection with big organic matter content in sediments of these 

lakes. These sediments are characterized by a high organic carbon content 

and a low content of nitrogen. Process of humification causes a constant 
increase of the amount of carbon in relation to other elements. C/ N ratio in 
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sedimen ts of th.is type of lakes is 10: 1 ( Z oB e 11 1963). In deep parts of 

many eutrophic lakes with great amounts of organic matter there are similar 

long periods of oxygen depletion in· near-bottom water. The oxidation processes 
of organic matter are in such conditions very weak, and the calorific value 
of this matter is high. 
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Fig. 29. The dependence of organic matter content on calorific value of bottom sedi .. 

ments in lakes of various trophic types 

Thus a low calorific value of organic matter is found in well oxygenated 

environments and those poor in organic matter, while the high value occurs 

in environments with common lack of oxygen and high organic matter content. 

This allows to draw, a co~clusion that the calorific value of organic matter 
• 

in bottom sediments can be a good indicator of the intensity of m in eraliza-
tion processes. 

Bottom sediments undergo constant changes which can result in the amount 

and the rate of oxygen consumption. During the periods of circulation bottom 

sediments of deep parts of holomictic lakes are in a contact with water well 

saturated with dissolved oxygen. fiowever, the oxygen conditions in near

bottom water are worse than these in upper water layers, as shown by observa .. 

tions during the circulation periods (Fig. 18). It results from the intense oxygen 

consumption at that time. The comparison of oxygen consumption by deposits 
during periods of circulation and periods of stagnation (Fig. 24 and 25) showed 
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that this consumption was higher when sediments did not contact the well 

oxygenated water for a long time. Thus during the stagnation, when organic 
matter does not contact oxygen, the oxygen demand is greater. lt can he said 
that the oxygen ''hunger'' increases at that time. Satisfying this ''hunger'' 

c~uses an establishment of oxygen gradient in near-bottom water at the be
ginning of circulation period (Fig. · 18). Satisfaction of oxygen "hunger" of 
sedimen ts in the conditions of experirnent in Warburg apparatus takes place 
after some 40 hr (Fig. 25). 

Reduction processes, which take place during stagnation can cause the 
evolution of great quantities of gases (methan, hydrogen and others) from 
sediments. These gases cause sometimes carrying up big patches of sediments. 
E:volution of great quantities of gases from the sediment of eutrophic lakes 

during the stagnation period was observed several times (K u z ne c ov 1939, 
• 

0 h 1 e 1958, 1959, 1960). This evolution is greater, when the oxygen depletion 
is greater too (Rossolimo and Kuznecova 1934, Ohle 1958). Such 
phenomenon was observed during the advanced summer stagnation (September) 

on the example of sediments from eutrophic Miko!"ajs kie Lake and dystrophic 
lake Flosek, during the incubation of sediments in "gradient" tubes. lt took 
place even at full saturation of near-bottom water with oxygen. As a result 
of isolation character of surface layer of sediments (which was found during 
the investigation of oxygen consumption of sediments with disturbed and un
disturbed structure, in Warburg apparatus, Fig. 19) the reduction processes 
in deeper layers of sediments continued and caused the evolution of gases. · 
By this - as it seems - the G orb am's (1958) observations of lifting the 
bottom sediments to the surface of the lake during the circulation can be ex

plained. Thus the gases evolution is very important as it makes possible for 
the poorly oxygenated organic matter to get out from deeper layers of sediment 
to its surface, and in this way the contact of tripton deposited at the bottom 
of lake with water rich in dissolved oxygen is better. Without this phenomenon, 
the isolating layer formed at the sediment surface, which keeps oxygen from 
lower sediment layers, would make the mineralization of organic matter in 
these lower layers of sediments impossible. 

The magnitude of oxygen consumption of bottom sediments of lakes with 
various trophy (Fig. 23, Tab. IV) and sediments from different depths (Tab. IV) 
shows similar changes as the organic matter content and calorific value of 
sediments (Tab. VI). Sediments, which consume less oxygen are poorer in 
organic matter (with the exception of polymictic lake) and have in general 
a lower calorific value. Calorific value of organic matter is also lower in 
sediments, which, are characterized by smaller oxygen consurr1ption. This 
last regularity is probably connected with the degree of oxidation of organic 

matter. Generally it can be stated, that the lower is the oxygen consumption 
of deposits (per unit of time), the lower is their organic matter content and 

I 
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Organic matter content, calorific value of sediment and of organic matter and oxygen 
consumption by bottom sediments of lakes of various trophic types 

Tab. VI 

Oxygen con
Organic matter Calorific value Calorific value 

sumption (Ill 
· content (% in of 1 g dry of 1 g organic 

Trophic type of lake 0 2/hr/ g dry 
dry weight of weight of matter of weight of 

sediment) sediment sediment sediment) 

Mesotrophy (Taltowi-
sko) 24 1,080 4,509 331 

. E , utro phy-pol ymixis 
• (Sniardwy) 38 1,050 2,850 153 

Eutrophy (Mikolaj-
ski e) 24 1,006 4,192 360 

Eutrophy advancing 
toward dystrophy 
(Lisunie) 69 3,726 5.399 914 

Dystrophy (F 1 osek)' 83 4,850 5,830 256 

calorific value of this matter; it concerns usually sediments, which for a long 
time in the lake are in contact with water well oxygenated. 

VI. CONCLUSIONS 

1) Organic mat,ter content, ealorific value of sediments and organic matter 
of sedinlents are different for · lakes of the same trophic type. The increase 

of the mentioned indicators from ~ligotrophy to eutrophy is, however, visible. 
Dystrophic lakes are characterized by the greatest values of these indicators. 
The. smallest quantities of calcium were found in s~diments of oligotrophic 
and dystrophic lakes. · 

2) Changes-. in time of organic matter content and its calorific value in 

bottom seditnents are smaller than changes observed in particular lake zones . 
3) T'he calorific value of sediments in connection with organic matter 

content is a good indicator of the lake ~rophy. 
4) Calorific value of organic matter is low in sedi~ents poor in organi c 

matter but found in· \Vell oxygenated zones of lake. And vie e versa ..;_ high 
calorific value of organic matter is characteristic of ·se dim ents rich in this 

matter situated in poorly oxygenated zones. 
5) Calorific value of organic matter which is a result of oxydation processes 

of -different intensity can be an indicator of the intensity of mineralization 

processes. 
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6) Oxygen consumption of bottom sediments from anaero.bic environment 

is considerably higher than that of sediments from well oxygenated environ

ments. The rate of oxygen consurnption of bottom sediments depends on oxygen 

conditions in the near-bottom water layers. During the oxygen depletion the 

oxygen ''hunger" of sediments is increasing. Satisfaction of this ''hunger" 
at the beginning of circulation causes the establishment of oxygen gradient 

in the near-bottom water layer, which confirms the intense mineralization pro
cesses of organic matter. 

7) The bottom ·fauna by its oxygen consumption in respiration processes 

increases considerably the total oxygen consurnption. Apart from that, the 
· presence of animals in the bottom environment increases the oxygen consump

tion of sediments ( 1.5 to 2 times), probably by stimulating the development 

of bacteria and by carrying up to the sediments surface particles from the 
lower, less oxygenated layers. . 

8) Processes, which take place in sediments during stagnation (when there 

is a lack of oxygen near the bottom) cause the evolution of great quantities 
of gases, which cause that the big patches of sediments are carried up. lt 

considerably increases the mineralization process of organic matter. 
9) The quantity of oxygen consumed by bottom s~diments increases with 

the advance of trophy_. The sediments consume less oxygen if they are poorer 

·in organic matter and their calorific value .is lower. This concerns most often 

sediments which for a long time contact with w.ell oxygenated water in the 
lake. 
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, . , 
OSADY DENNE JEZIOR ROZNYCH TYPOW TROFICZNYCH 

Streszczenie 

W ramach pracy scharakteryzowano osady denne 50 jezior r6znych typ6w troficz
nych (fig. 1, tab. I), lezC}cych na terenie kilku pojezierzy i w Tatrach, oraz ·analizowano 
procesy mineralizacji materii organicznej osadow. Do charakterystyki uzyto jako 
\\ skaznik6w: zawartosc materii organicznej i wapnia oraz wartosc kalorycznct osadow 
(fig. 2-5). Przeprowadzono analiz~ przestrzennego zroznicowania wymienionych 
wskaznikow w profundalu jeziora (fig. 6-14) oraz ich zrniennosci w czasie (fig. 15-16). 
Intensywnosc proces6w mineralizacji materii organicznej okreslano na podstawie 
ilosci zuzy\\lanego przez osady denne tlenu. 

Zroznicowanie osad6w badanych jezior pod W·zgl€Cdem zawartosci materii orga
nicznej, kaloryczno8ci i zawartosci wapnia jest znaczne (tab. V). Stwierdzono prawi

dlowf! zaleznosc mi~dzy zawartoscict materii organicznej, kaloryczno8cict osad6w 
i kalorycznosciq materii organicznej a typem trofic znym zbiomika (fig. 27). Obsem uje 
si~ mianowicie wyrazny wzrost wartosci wymienionych wskaznik6w wraz ze wzrostem 
trofii jezior. J eziora dystroficzne charakteryzuj£l siE( najwi~kszyrni warto8ciami po
wyzszych parametr6w (fig. 2-4). Zmiany zawartosci wapnia tej prawidlowosci nie 
wykazuj'l (fig. 27). Najmniejsze ilosci tego skladnika znaleziono w osadach jezior 
oligotroffcznych i dystroficznych. W j eziorach typu eutroficznego zawartosc wapnia 
w osadach jest bardzo zr6znicowana (fig. 5). 

Z awartosc m aterii organicznej w osadach dennych jeziora oraz jej kalorycznos6 
zmienia si~ wyramie zar6wno w czasie, jak i w przestrzeni (w poszczeg6lnych stre
fach J eziora Mikolajskiego). Szczeg6lnie wyrazny wzrost obserwowano w okresie 
stagnacji (fig. 15). Zmiany w czasie s~ jednak mniejsze niz zmiany obserwowane 
w poszczeg61n ych strefach zbiomika. 

Szczeg6lo wej analizie poddano kalorycznosc materii organicznej osad6w dennych. 
Waha sifC ona w dose szerokich granicach: od 710 do przeszlo 7100 cal/g(fig. 4 i 11), 
tak mi~dzy poszczeg6lnyn1i jeziorami, jak i w r6znych strefach jednego zbiomika 
(j ezioro Mikolajskie). Analiza korelacji pomi~dzy zaw artosci«! materii organicznej 
. w osadach a jej kalorycznosci'b przeprowadzona dla osadow jezior r6znych typow tro-
ficznych wykazaia, ze istnieje zaleznosc liniowa (fig. 28). Ta zaleznosc w powi<t
zaniu z faktem, ze o kalorycznosci osad6w decyduje prawie wylc:tcznie materia orga
niczna w nich zawarta sprawia1 ze obseiWujemy w badanych jeziorach prostc:t zaleznosc 
po ,mi~dzy zawartosciq materii organicznej a kalorycznosci<~:, osadow (fig •. 29). 
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J esli przyj(\c, ze wi~kszosc substancji organicznych ~oplywaj{\cych do dna po
chodzi z organizm6w wodnych, to materia organiczna osad6w powinna miec we wszy

stkich wypadkach zblizonC! kalorycznosc. Tak wi«tc jej zmiennosc jest spowodowana 
r6zll'l. intensywnosciC~ proces6w mineralizacji. Tempo uileniania materii organicznej 
jest zaleine od jej ilosci w osadach i od warunk6w srodowiskowych. Nizszct kalorycz
nosc materii organic znej stwierdzono w osadach dennych, kt6re przez wi~ksz'! cz~sc 
roku kontaktuj<! si~ z wod~ dobrze natlenionq: w osadach jezior oligotroficznych i mezo
troficznych oraz jezior eutroficznych polimiktycznych (fig. 4), jak r6wniez w ptytszych 
partiach jeziora eutroficznego holomiktycznego (Jezioro Mikolajskie) (fig. 11). Osady 
tych srodowisk s~ zarazem ubogie w materi~ organicznct (fig. 1 i 7). z drugiej strony, 
wysok«! kalorycznosc materii organicznej stwierdzono w osadach, kt6re przez dlugie 
ok.resy nie kontaktuj~ si~ z wodq natlenionl!: w osadach jezior dystroficznych i w osa
dach pochodz<!cych· z gl~binowych partii wielu jezior eutroficznych (fig. 4). Procesy 
utleniania materii organicznej w tych warunkach sq nieznaczne i kalorycznosc jej 
duza. W osadach tych spotyka sic; znaczne ilosci materii organicznej (fig. 2). Tak wi~c 
nisk~ kalorycznosc materii organicznej stwierdza sif(, w srodowiskach dobrze natlenio
n ych i ubogich w m_ateri «t organicznct, podczas gdy wysokct - w srodowiskach, w kt6-
rych cz~sto brak jest tlenu, a zawartosc materii organicznej jest wysoka. ·Mozemy 
zatem wysnuc wniosek, ze kalorycznosc materii organicznej osad6w dennych stanowi 
dobry wskaznik intensywnosci proces6w mineralizacji. 

MiaJ1l procesow mineralizacji osad6w dennych moze bye ilosc i tempo zuzycia 
przez nie tlenu. Przeprowadzone eksperymenty wykazaly, ze wielkosc zuzycia tlenu 
przez osady jezior r6znej trofii (fig. 23, tab. IV) oraz przez osady pochodz~ce z r6z
nych gl~bokosci (tab. IV) zmienia si~ wraz ze zmian~ zawartosci materii organicznej 
i kaloryczno8ci osad6w (tab. VI). Osady zuzywaj(\ce mniej tlenu set ubozsze w materi~ 
organiczni\ oraz wykazujct na og6l mniejszC\ kalorycznosc. Kalorycznosc rnaterii 
organicznej jest nizsza w osadach, kt6re charakteryzujC\, si~ mniejszym zuzyciem 
tlenu. Ta ostatnia prawidlowosc jest zapewne zwi<!zana ze stopniem utlenienia ma-

• • ten1 • • organiczneJ• 
DoSwiadczalnie stwierdzono, ze zuzycie tlenu przez osady denne pochodzctce 

z okresu stagnacji jest znacznie wi~ksze niz przez osady pochodztlce z okresu cyrku-
lacji (fig. 24-25). • Willze si~ to z wi~kszym zapotrzebowaniem na tlen mulu, ktory 
w. okresie stagnac ji pozbawiony byl dost~pu tl enu. Mozna powiedziec, ze w okresie 
tym rosnie uglod tlenowy" osadow. Obserwowane tworzenie si~ gradientu tlenowego 
w warstwie wody przylegajq,cej do dna w pocz'ltkowym okresie cyrkulacji (fig. 18) 

jest spowodowane zaspokajaniem tego ,g!odu". 
Fauna denna, dzi~ki zuzywaniu tlenu na procesy oddechowe, zwi~ksza w wydatny 

sposbb og6lne zuzyci'e tlenu. Ponadto sama jej obecnosc w srodowisku mulowym po
woduje zwi~kszenie zuzycia tlenu przez osady (tab. 11), przypuszczalnie na drodze 
stymulowania rozwoju hakterii oraz przez wynoszenie na powierzchni~ osadn cztlstek 
po!--ozonych nizej, w warstwach mniej utlenionych. 

Przy zmniejszeniu zawartosci rozpuszczonego w wodzie tlenu maleje tempo mi

neralizacji osadow dennych (fig. 20). 
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