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The oxygen content of the deep water is one of the most important
environzontal parazcters affecting the maintenance and reproduction
of commercial fish stocks in the Baltic, Fluctuations in the oxygen
content over periods ranging fron a few years up to a centulry are
of fundazental value for studios on the tendoncies of the oxygen

" regime in the deep water. Cf such fluctuations, those of a long

tera nature have coxme to occupy the interest in the past few years
(ANTONOV, 1967; FONSELIUS, 1962, 1969; FRANCKE, NEHRING, ROHDE,
1977; MATTHAUS, 1973a).

Our ihvestigations present mean changes in the oxygen content over
various periods during the present century at 10 stations in the
nost important basing and deeps in the central Baltic (Fig. 1).

The frequently observed occurrence of hydrogen sulphide concentra-
tions in the deep water, which have been quantitatively determined
frox the end of 1960 on, have been considered in our work as "nega-
tive oxygen" according to FONSELIUS (1969).-An uncertain trend is
denoted by an asterisk (z) in the table and figures.

1, The development of the oxygen regime since the beginnineg of
this century

The diagran in Fige. 2 showing the trend in the oxygen content of

fhe bottomnost layer investigated over the whole period was
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- elaborated on the bagis of a compilation of all avaiIablé/oxysen :

obgorvations at the 10 stations invelved. The most izmportant re-
sults of this aralysis are suanariced in table 1 for the pericd
1900 -~ 1975, the syabols 62 and 552 gignifying the mean value and
the mean variation rospectively in the oxygen content over the
period involved.

Table 1: lMean values and mean variations of oxygen contont of the
docp water of the Baltic within 1900 -~ 1975
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Station aosorde |Depth ()| 0,(ml/1) | Z0,(al/1)
s Arkona Deep (AT) |BY 2 A | 45 0,30 -0,76%)
. Bornholn Deep (BT)|BY 5 A 80 | 2,91 ~2,33
Gdeask Doep (DT) P, 100 2,64 -2,02
Southern Gotland .
Basin (SGB) BY 9 A 100 2,86 2,43
Gotland Deep (GT) |BY 15 A 200 1,16 ~2,69
F8rs Deep (FT) BY 20 A | 150 1,17 ~2,54
Horthern Gotland
Basin (IG3) BY 28 B | 150 1,42 -2,99
Landsort Deep (LT)|BY 31 A 400 1,40 -2,87
lorriéping Deep(IT){BY 32 B | 150 1,84 -4,37
Karlgo Deep (XT) |[BY 38 4 100 1,71 -3,66

1 s
)Mean value of the deviation between measured values and mean
annual course

Since the beginning of the present century, the bottommost layer
at all stations investigated has oxhibited a considerable mean
decreasgse in oxygen content, which differs in magnitude according
to region. This drop can also be observed in other layers of the
deep water ag shown here in extract form only (Figs. 3, 4 and 6)
(see MATTHAUS, 1978).

Regional differences in the long-tern trend may be caused by the
different distances of the various deep basins from the inlets to
the Baltic, since the effects of salt water inflews and intrusions
differ according to the gsites of the basins relative to the inlets.
In this connection, the configuration of the basin will probably
also play some role. The secular changes expected in the oxygen
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coatent of the deep water of the Arkona Basin, for example, nust
be lower than thoso expected in the bottozmost layers of other
basins iz the Baltic as a result of itgs location in the main
nixing region between North Sea and Baltic water and due to the
orographical and exchange situation. The effects of vertical ex-
change processes which depend upon the stability of the stratifi-
cation are also important.

The mean valucg 52 of oxygen content in the deep water shown accor-
ding to station ard depth in Fige. 5 decrease with increasing depth.
However, due to the mode of calculation, the mean values alsgo
consider the hydrogen sulphide concontration in the fora of "nega-
tive oxygen". In general, the mean values at a depth of 100 m
becoze lower as the distance from the entrances to the Baltic
increases, recaching values of 1.7 - 1.8 nl/l between the Northern
Gotland Basin arxd the Karlsd Deep stations. The lowest mean value
at a depth of 150 n was 1.2 nl/l nmeasured in the FArs Deep and the
lowest 200 m value was 1.2 ml/1l in the Gotland Deep. Theso are
Sizultanecusly the lowest mean values of all calculated values.
Both of these deeps belong to those in the Baltic which are most
strongly affected by stagnation. '

If the mcon long-term variations of the oxygen content 7“:; over

the period 1900 ~ 1975 at the different stations are plotted against
the depth, we obtain the diagram shown in Fig. 6. The oxygen con=-
tent has decrcased considerably on average at all depth in the
course of the present century. Furthermore, the mean drop in the
oxygen concentration geems to depend on the distances of the sta=-
tions froa the entrance to the Baltic. At a depth of 100 m in the
Gdahsk Deep, the mean decrease during the period 1900 -'1975 was
ebout 2 nl/1l and rose to 3.3 - 3.5 nl/l in the Gotland and r8rs
Deeps. VWhercas the mean drop in the Landsort Deep orce again reached
a value of azbout 3.1 ml/l, the highost mean drops of 3.7 - 4.7 nl/l1
wore calculated at a depth of 100 m for the Norrkdping and Karlsd
Deops. However, the high values in the western part of the Gotland
Basin may be due to the absence of measured values prior to the
middle of the twenties (see Fig. 2).

Congideration of the long~term changes at the bottommost investigated
levels shown as mean cnnual variations in Fig. 7 has the advantage
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that all basing can be taken into account independent of their
depths and that the measuring levels (stated under the station
designation) are relatively uniform between a few metres (47T, BT,
DT) and a maximua of about 60 m above the bottom (FT, NG3, LT,
NT). Fig. 7 shows, the larger the distance of the station fron
the entrance to the Baltic the greater the decrcase in oxygen
content. Even if it is assumed that the values for the western
part of the Gotland Basin are too high due to the absence of
neasured data prior to 1924, it is still apparant that the lorng
term.wariations depend on the region involved.

2. The developaent of the oxvzen conditions since 1952

2.1. lican variations within tho period 1952 = 1974

For several reasons interest hag centred upon the development of
the oxygon corditions since the middle of this century. On the oxe
hand, intengive observation activities did not begin until the
firties, o that 60 - 90 % of all measured values have been obtaine
during the period following 1950 (gce Fige. 2). On ths other hand,
the largest salt water inflow into the Baltic so far obgerved at
the end of 1951 resulted in the highest salinities and, in soze
cases, tezporatures in numorous basins. This was associated with
an increasoe in stability of the stratification and a decrease in
vertical exchange. Firally, during the sixties increased attention
was paid to the pollution and its possible effocts on the marins
environuent of the Baltic, particular attention beirg paid to tue
oxygen corditions in the deep water.

Since 1952 the salinity in the eastern arnd rorthern parts of the
Gotland Basin between the Gotland and the Lardsort Deeps has Ce-
creased on average (LAITILAUS, 1978). At least as far as the deep
water of the Gotland Deecp is concerred, the stability of the stra-
tification has also decreased sinco the mid-fifties (VOIPIO, LALKKI
1972; MATTHAUS, 1973b). The consegquent more intense possible ver-
tical exchange between the surface and the decp water does not,
however, lead to any improvement in the oxygen corditions in the
deep water. The averages for all stations over the period 1952 -
1974 reveal a further decrease in the oxygen content, the drop at
most stations even being more pronounced than for the period
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1900 = 1475 (see also Figs. 3 and 4). The nean values of oxygen
content arc all 0.7 - 1.1 m1/1 below the values for the period
1900 ~ 1975,

2.2, Meoan fluctuations within different stagnation poriods

Against the background of the average variations processes initia-
ted by the inflow or intrusion of salt water take place in the
different decep basing, In general, only major salt water inflows
lead to effective turnover in the deep basins. These water renewals
are follewed by periods of stagnation in which the salinity always
and the teaperature usually drop. With regard to the oXygen content,
biological consumption, biochenmical demand and nixing processes
lead to drops in reclatively short periods and nay even lead to

the complete disappearence of ozygen and the formation of considg-
raeble hydrogen sulphide concentrations extending up even to immo-
diately below the haloclins.

During the analysis, water renewals with only szall effects hava
generally been subordinated to tho major inflows. The beginning

of stagnation was deternined from the time at which the highest
oXygen corcentration was obgerved. The end of stagnation was taken
to be that c¢f the occurrence of the lowost concentration after
which, gererally in a relatively short time, a considerable increage
in the oxygen content could be observed.

Figs. 8 and 9 show the fluctuationg and mean anaual variations in
the oxygen content during different stagnation periods. The rumbors
shown in Fig., 8 correspond to the figures used by FONSELIUS and
RATTANACEY (1970) and of ELGSTROM and FONSELIUS (1574) to idontify
irflows of saline oxygen-rich water near the bottom during investi-
gationg of water remewals; identical figures denoting the game
irflow into the different basins. The durations used for the cal-
culations for the different periods are plotted above the tine
scale in Fig. 9,

Despite the difficulties in coordinating the stagnation periods
in the basins to the different salt-water inflows into the Baltic,
the analysis of the oxygen distributions in all three basins indi-
cate a nuaber of these characterised deep water renewals. The
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effect of the distance from the entrarce to the central 2rltic

is indicated by both the decreasing scattering of the measured
values with incrcasing dictance (Fig. &) and the nmean annual
variations in the oxygen content during the analysed periods. At
the 80 n level in the Borrnholm Rasin the mean annual variations
are about one order of nmagnitude higher than the fluctuations at
the 200 m level in the Goiland Deep or a% the 400 m level in the
Landsort Deep. The trends shown by the mean annual variations in
the oxygen content in all throe basing which achioved their highest
Gean smnual decreases towards the cnd of the sixties is remarkable
(seec Fig. 9). These results support the idea that the oxygen in
the deep water is being consuzed with ircreasirg rapidity and

that hydrogen sulphide is occurring increasingly frequently,

3. Conclusions

(1) The oxygen content of the deep water in the central Raltic

has dropped by about 2 - 4 ml/l since the beginning of this century
and the mean rate of {his decrease has become higher since 1952,
The periods of unfavourable living conditions in the decep water
have become longer, the oxygen is being concuzed more rapidly and
aroxic coanditions are becoming increasingly froquent.

(2) 4% presont it is not to decide with any degree cf certainty
whether the present deterioration in the deep water oxygen condi-
tions is primarily the result of a natural process or a consequence
of the increasing discharge of soewage into tho Baltic. It is pocsible
that the increased input of nutrients and organic substances has
bromoted the formation of hydrogen sulphide, thus accclerating

the deterioration in the oxygen regime. Gorrelations between the
discharge of sewege, eutrophication and oxygen conditions have
already been found in shallower repions of the Baltic.

(3) Inflows of high salire water leading to the renewal of the

deep water in the Baltic can be expected every throe or four years.,
If the orgonic stressing and pollution of the salt-rich water
entering the Baltic continue to increase, the trend towards the
increasingly rapid consuzption of tho oxygen in the deep water
during stagnation periods will become nmore pronounced and the hydr-
ogen sulphide concentration will gradually be able to assume higher
values,
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(4) The eutrophication of the Zaltic and its c!tal waters leads
to a grcater biomass and thus to an ircrease in the azount of

dead orgenic matter wihich firally contribuies to the deterioration
of the oxygen cornditiors in the decp basins and to the gpreedins
of the unfavourable living conditicnse.

(9) Taking into consideration the development of the various fac-
tors afrecting the oxygeu regiume in the decep water the trends
derived from the available data reveal no change in the overall
negative tendency at present.
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?ig. 1. Depth lines of the centrsl Baltic ard

positions of tne obgservation staticns
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Fige 3. Mean long-term variations of the
oxygen content in selected levels
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Fig. 5. Mean values of the
oxygen content in
the deep water of
the Baltic proper
within 1900 = 1975
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Fige 6. Mean variation of the
oxygen content in the
deep water of the
Baltic proper within
1900 = 1975
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Fig. 8. Variations of oxygen content within the stagnation
periods of the Bornholm-, Gotland- and Landsort
Deeps ’
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Figes 9. Mean annual variations of the oxygen content
within the stagnation periods of the Bornholme,
Gotland- and Landsort Deeps



