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ABSTRACT 

A short description of the hydrography and water balance of the Baltic is given. The 
different pycnoclines in the Baltic proper are described. The inflow of salt water through 
the Danish sounds and the development of stagnant conditions in the deep basins are 
described. The renewal of the stagnant deep water and the “fertilization” of the sur- 
face water with nutrients are discussed. The oxygen utilization and the accumulation 
of nutrients through decay of organic matter in the deep water are described. The 
formation of ammonia, nitrogen and hydrogen sulphide in the stagnant water is briefly 
explained. 

The oxygen decrease in the Baltic deep water during the present century and pos- 
sible reasons to this phenomenon are discussed. The recent stagnation and deep water 
renewal during 1969 are described by help of figures. The “Baltic Year” programme is 
described and some results are discussed. The accumulation of phosphate during the 
Stagnation and the spreading of phosphate in the deep water and the “fertilization” 
of the surface water during the water renewal in 1969 are shown by help of figures. 

An increased primary production in the surface water is predicted and a prognosis 
for the future development of the oxygen conditions in the Baltic is given. It is con- 
cluded that Man has increased the oxygen utilization in the deep water by the enor- 
mously increased discharge of untreated waste water from industries and communities 
and that the Baltic therefore has been “overstrained”. Finally it is suggested that 
measures against future waste discharge have to be taken in order to give the Baltic 
a chance to  recover. 

1. General characteristics of the deep 
waters of the Baltic 

The Baltic is one of the smallest intracon- 
tinental mediterranean seas. The annual supply 
of fresh water exceeds the evaporation during 
the year. Thus its water balance is positive. It 
so happens that the annual precipation is al- 
most exactly as large as the evaporation. The 
annual net outflow of fresh water therefore is 
equal to the river discharge. The Baltic is the 
largest brackish water area of the world. Since 
the water is brackish, there must be an in- 
flow of salt water from the ocean. Fresh water 
has a lower density than salt water. Therefore 
two different water layers are formed, a light 
surface layer with a very low salinity and a 
heavier deep layer with a higher salinity. These 
layers are separated by a pycnocline or halo- 
cline, where the salinity suddenly changes. 
The annual excess of fresh water, mixed with 
some salt water, flows as a surface current out 
from the Baltic forming the “Baltic Current” 
in Kattegatt and Skagerack. Heavy salt water 
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flows in the opposite direction as a bottom cur- 
rent below the outflowing surface water aloiig 
the bottom of the Danish sounds. The water 
balance has been computed by Brogmus (1952). 
He finds the annual discharge of rivers to be 
471 kms. The inflow of salt water is also given 
to be 471 km8. The sum of these, 942 km8, 
flows out through the Belts and Oresund as the 
“Baltic Current”. 

The water exchange between the surface 
layer and the deep layer may be calculated, if 
the water balance and the mean salinities of 
the surface water, the deep water and the in- 
flowing salt water are known. The mean salini- 
ty of the surface water may roughly be es- 
timated to be 7%, the mean salinity of the deep 
water 11 X and the mean salinity of the in- 
flowing water 17.5%. Then the transfer of 
water from the bottom to the top layer be- 
comes about 1 250 kma and the transfer down- 
ward roughly 750 km’ (Fonselius, 1969). 

It has to be pointed out that the salinities 
are only rough averages. Therefore only the 
order of magnitude of the water exchange is 
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obtained. One of the main tasks of the hydro- 
graphic work in the Baltic is to get better es- 
timates of these exchange rates. It would then 
be possible to calculate the transport of nu- 
trients through the halocline and to get a better 
knowledge of the processes which regulate the 
oxygen conditions in the Baltic deep water. 

The halocline is an impediment to the mix- 
ing or exchange of surface water and deep 
water. Therefore it is also an impediment to 
the exchange of oxygen between the water 
layers. The surface water is generally saturated 
with oxygen. It is in constant contact with the 
atmosphere and the gas exchange through the 
surface is fast enough to keep the water close 
to the saturation limit. 

When the surface water during the winter is 
cooled from above, its density increases. It 
sinks downwards and is replaced by water from 
below. The new water is continuously cooled 
and a vertical convection is started. This con- 
vection transports oxygen-saturated water 

down below the surface. The upwards moving 
water brings nutrients from below to the sur- 
face water which generally has a very low 
nutrient content. This vertical convection can- 
not penetrate through the halocline. The den- 
sity of the deep water is too high and therefore 
it only extends down to the upper boundary of 
the halocline. The water below the halocline is 
thus not influenced by the "winter convection". 
This halocline is a permanent feature in the 
Baltic and is called the "primary halocline". 

During the spring the surface water is heated 
by the sun. I ts  density decreases and a thin 
light and warm surface layer is formed. Its 
thickness increases during the spring when the 
warming continues. It is separated from cold 
water below by a thermocline which may move 
down to more than 30 m depth in the late sum- 
mer. Between this thermocline and the primary 
halocline the remains of the cold winter surface 
water are found. This cold layer is recognized as 
a temperature minimum in bathythermograms. 
The water below the primary halocline has a 
temperature of about 4-6°C during the whole 
year. 

It may sometimes happen that water with 
an unusually high salinity is forced in over the 
sill to the Baltic. Such water has a high density 
and may therefore sink to  the bottom of the 
deepest basins and remain there for longer or 
shorter time. Then a secondary halocline may 
be developed between the bottom water and 
the deep water in the basin. The different 
waterlayers, haloclines and the thermocline 
are illustrated in Fig. 1. 

The deep water in the Baltic moves counter- 
clockwise around the island of Gotland. The 
salt water which flows over the 17 m deep sill 
a t  Derss into the Baltic follows the deepest 
connections between the different basins in the 
Baltic. When the basin closest to the entrance 
is filled with salt water up to the sill depth to 
the next basin, the salt water begins to stream 
down over the sill filling up the basin to the 
sill depth of the next basin, and so on. The 55 
m deep Arkona basin west of Bornholm is 
first filled up to the 45 m deep sill to the 105 
m deep Bornholm basin east of Bornholm. The 
sill is located between the Swedish coast and 
Bornholm. When this relatively large basin is 
filled with salt water up to the 60 m level, the 
water can proceed over the Stolpe sill to the 
large eastern Gotland basin with the 249 m 
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deep Gotland Deep. From this basin the water 
may continue over a probably 115 m deep sill 
to the northern Central basin which extends 
from the Gulf of Finland to Landsort. It in- 
cludes the 459 m deep Landsort Deep, the 
deepest spot of the Baltic. From the northern 
Central basin the water may still proceed south 
to the areas west of Gotland over a 100 m 
deep sill. From there the deep water cannot 
continue further without mixing in the surface 
water, because of the small water depth south 
of Gotland and Oland. The Gulf of Bothnia is 
isolated from the Baltic by a 45 m sill which 
prevents deep water from penetrating further 
north. 

The amount of salt water inflow is regulated 
by the amount of inflowing water. The inflowing 
water expels the lighter old water from the 
basin. If the following inflow contains lighter 
water, it will stream over the heavier water 
which therefore may stay in the basin for years. 
Through diffusion and turbulence in the bound- 
ary layer its density slowly decreases. Event- 
ually it may be expelled by heavier water. 

The expelled water spreads from the eastern 
Gotland basin towards the north. In the north- 
ern Central basin it is divided into two arms. 
One goes toward the Gulf of Finland and is 
slowly mixed into the surface water which 
there mainly is a mixture of water from the 
Neva, the Narva and the Kymijoki rivers. The 
water of the second arm flows to the west 
down into the Landsort Deep and from there 
to the area between Gotland and Oland. There 
the remaining water is mixed into the surface 
water. The expelled water has a high concentra- 
tion of nutrient salts. Therefore it “fertilizes” 
the surface water which has a very low nutrient 
content (Fonselius, 1967). 

The water which flows into the Baltic, form- 
ing deep and bottom water, cannot effectively 
renew its oxygen content.This is prevented by 
the halocline which acts as a barrier to gas ex- 
change. Therefore the oxygen concentration 
will decrease in the deep water during its way 
counterclockwise around Gotland. This is due 
to the fact that organic compounds in the wa- 
ter through bacterial processes are oxidized to 
such simple inorganic oxides as carbon dioxide 
(CO,), water (H,O) and to ions such as nitrate 
(NO;), phosphate (PO:-) and silicate (H,SiO,). 
Organic compounds are brought to the deep 
water from the surface layers by the sinking of 
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dead microorganisms as, e.g., plankton. The 
supply of dead matter is dependent on the 
production in the surface layers. When the 
production is high, the amount of dead matter 
increases in the deep water. This increases also 
the oxygen utilization there. Water with un- 
usually high salinity and therefore also an un- 
usually high density, may remain in some of 
the deep basins for a long time. The oxygen 
in such water may then become completely ex- 
hausted. There are always bacteria in nature 
and of course also in sea water. When the free 
oxygen has been almost completely used up, 
certain denitrification bacteria become active. 
They can use the oxygen from nitrate ions to  
oxidize organic compounds. The nitrate ions 
are converted to nitrite ions and then to free 
nitrogen molecules. There is also the possibility 
that a part is transformed to ammonia. The 
concentration of nitrate in sea water is rela- 
tively low. Thus the nitrate ions are quickly 
used up. When this has happened, a new oxida- 
tion process begins, in which sulphate-reducing 
bacteria use the oxygen from sulphate ions for 
the oxidation of organic matter. The sulphate is 
reduced to sulphide ions. What generally is 
called hydrogen sulphide, is formed in the wa- 
ter. It is recognized by its repulsive smell even 
in very small concentrations. Hydrogen sul- 
phide is a poisonous gas which dissolves in 
water and kills all higher life. Therefore hydro- 
gen sulphide formation is a real catastrophe 
for the bottom fauna in the area. Once started, 
hydrogen sulphide formation proceeds rapidly. 

Such a development as that described above 
has taken place in the Baltic during recent 
years. The hydrogen sulphide formation began 
in the Gotland basin towards the end of 1967 
and during 1968 hydrogen sulphide was present 
in the deep water of the Bornholm basin, the 
eatern Gotland basin, the northern Central 
basin and the western Gotland basin. Such an 
extensive hydrogen sulphide poisoning has 
never been observed before in the deep basins 
of the Baltic. This is the final result of the de- 
creasing oxygen concentration in the deep 
water of the Baltic, which has been observed 
since the beginning of the present century 
(Fonselius, 1969). 

There have been several attempts to try to 
explain the oxygen decrease that has taken place 
since about 1900. It is known that the salinity 
of the Baltic has increased, and is greater in 
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Fig. 2. Longitudinal section through the Baltic from the Arkona Basin to the mouth of the Gulf of 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in September 1968. 

the deep water than in the surface water (Fon- 
selius, 1969). This may have increased the sta- 
bility of the haloclinc. Therefore a decrease of 
the oxygen siipply through the halocline to the 
deep water may have taken place. It has also 
been observed that the temperature of thc deep 
water has increased by more than 1°C during 
the last 50 years (Fonselius. 1969), probably 
due to the fact that the tcmperature of the 
ocean water being supplied to the Baltic through 
the Danish sounds has increased during the 
century. This may have incrcased the oxida- 

tion rate (i.e. the decomposition rate of the 
organic matter in the water, Van’t Hoff’s 
principle). It has been shown that, in fresh 
water a 10” increase of the temperature may 
increase the oxidation rate to double or almost 
to triple. It is therefore possible that a 1” 
temperature increase increases the oxidation 
rate by about 10%. This would of course be 
unimportant if the supply of organic matter 
were the limiting factor for the oxidation 
process. Waste water from communities and 
industries have, however, “fertilized” the siir- 
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Fig.  3. Longitudinal section through the Baltic from the Arkona Basin to  the mouth of the Gulf of 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in November 1968. 
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Fig. 4. Longitudinal section through the Baltic from the Arkona Basin to the mouth of the Gulf of 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in January 1969. 

face water and thereby increased the primary 
production. This may have caused a greater 
transport of dead organic matter to the deep 
water. The oxygen supply may now be the 
limiting factor for the oxidation. 

It has been observed that the concentration of 
nutrients increases rapidly in the stagnant wa- 
ter. This is caused by the fact that more and 
more organic matter is brought t o  the deep water 
and is decomposed there. The nutrient salts set 
free during the oxidation process are accu- 
mulated in the stagnant water and when 

hydrogen sulphide formation bcgins, the en- 
vironment changes from oxidizing to reducing. 
Nutrient salts are also dissolved from the bot- 
tom sediments, increasing the nutrient concen- 
tration still more (Fonselius, 1969). 

When the water in the deep basins is re- 
newed by a new inflow of saltwater with a 
higher density, the old water is forced out from 
the basin. It is spread northwards into the 
deep basins north and west of Gotland. Fin- 
ally this nutrient-rich water will be mixed up 
into the surface water, “fertilizing” it. When 
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Pig. 5. 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in April 1969. 
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Fig. 6 .  Longitudinal section through the Baltic from the Arkona Basin to the mouth of the Gulf of 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in November 1969. 

hydrogen sulphide-containing water is mixed deteriorates until a steady state is reached. It 
with oxygen-containing water, the two dis- seems that it is difficult for Nature to  restore 
solved gases will react, forming sulphate ions normal conditions once hydrogen sulphide for- 
or free molecular sulphur (Fonselius, 1969). mation has started (Fonselius, 1969). 
This of C O U P S ~  will decrease the oxygen content 
of the water which is mixed with the stagnant 
water. Furthermore the “fertilization” of the 2. Deep water renewal in 1968 and 1969 
surface water increases the primary production. It was mentioned above that there was 
This again increases the oxygen utilization in hydrogen sulphide in all the deep basins of the 
the deep water by the increase of organic mat- Baltic proper during 1968. Fig. 2. shows a ver- 
ter. We get alternating oxygen and hydrogen tical section through the different deep basins 
sulphide periods in the water. The situation of the Baltic from the Arkona basin to the 

0 

100 
Bornholm Basin 

January 1970 200 

I Golland Deep 

300 I 
Fig. 7. Longitudinal section through the Baltic from the Arkona Basin to the mouth of the Gulf of 
Finland, showing the distribution of dissolved oxygen and hydrogen sulphide in January 1970. 
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Big. 8 .  Longitudinal section through the Baltic around the island of Got.land along the line: Arkona 
Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso Deep, 
showing the distribution of phosphate-phosphorus in September 1968. 

mouth of the Gulf of Finland in September 
1968. The isolines for oxygen are drawn and 
the areas with hydrogen sulphide are shaded. 
It can be seen that there is hydrogen sulphide 
in the Bornholm basin, the Gotland basin, the 
FBro Deep and in the deep areas of the north- 
ern Central basin. Fig. 3 shows the same sec- 
tion in November 1968. New water with a 
higher oxygen content has now started to flow 
in over the Darsser Sill a t  the left in the figure. 
It does not have, however, a density high 
enough to renew the deep water of the Born- 
holm Basin. It flows above the stagnant water 
in the Gotland basin and has peeled off the 
top layer of hydrogen sulphide and pushed it 
to the north. 

The “Baltic Year” 
This programme began in January 1969. It 

is a cooperative effort with participants from 
all the countries around the Baltic. About 
every third week a research ship from one of 
the participating laboratories goes out in the 
Baltic in accordance with an established pro- 
gramme. In  addition to ordinary hydrographic 
work, water samples for nutrient salt analysis 
are taken in all deep basins of the Baltic proper. 
The Hydrographic Department of the Fishery 
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Board of Sweden acts as coordinator for the 
work. The “Baltic Year” began with an ex- 
pedition of the Skagerak in January 1969. 
Fig. 4. shows the results from this expedition 
in the form of a longitudinal section similar 
to those shown above. Now the stagnant water 
of the Bornholm basin has been replaced with 
oxygen-rich water. The heavy, oxygen-rich 
water proceeds towards the Gotland deep. The 
isolines for oxygen are almost vertical in front 
of the new water. Fig. 5 shows the same sec- 
tion in April 1969. The new water has now 
reached the edge of the Gotland deep and has 
begun to stream down along the slope. The oxy- 
gen content of the bottom water in the Born- 
holm basin on this occasion was about 6 ml/l. 

Unfortunately the results from the expedi- 
tions of the other participating countries are 
not available a t  present, but some important 
information is given in the cruise reports. The 
Finnish research ship Aranda observed in June 
(1969) that hydrogen sulphide was present 
sporadically in the deep water of the Gulf of 
Finland. The Danish vessel Dana reported that 
in August hydrogen sulphide was found in the 
deep water of all stations in the Gulf of Finland 
west of Hogland. Large concentrations of 
hydrogen sulphide were observed north and 
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Fig. 9. Longitudinal section through the Baltic around the island of Gotland along the line: Arkona 
Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso Deep, 
showing the distribution of phosphate-phosphorus in November 1968. 

west of Gotland. The hydrogen sulphide layer 
began a t  100 m in the Landsort Deep. The 
Professor Albrecht Penck from Warnemunde 
reported that in October the oxygen con- 
centration in the Bornholm basin had de- 
creased to about 3 ml/l, which indicates that 
the inflow had now stopped. According to the 
programme the ship was anchored a t  the Got- 
land Deep for 5 days, carrying out measure- 
ments every third hour. Oxygen was observed 
to be present sporadically in the bottom water 
alternating with hydrogen sulphide. The deep 
water seemed to move back and forth. The new 
water had apparently now reached the Gotland 
Deep and the stagnant water was driven out. 
In  the Gulf of Finland the hydrogen sulphide 
had disappeared a t  this time. Hydrogen sul- 
phide was found on all stations north and west 
of Gotland. West of Gotland the hydrogen sill- 
phide layer even began a t  70 m on some of the 
stations. 

The Skagerak again went to the Baltic in 
November 1969. Fig. 6 shows the oxygen con- 
ditions in the Baltic during this expedition. 
The hydrogen sulphide had now completely 
disappeared from the Gotland basin and only 
small amounts were found in some of the deep 
areas of the northern Central basin. In the Got- 

land basin the oxygen content a t  the bottom 
was 1.8 ml/l. Above this water there was a 
layer with almost oxygen-free water. West of 
Gotland there were still great amounts of hy- 
drogen siilphide. Fig. 7 finally shows the re- 
sults from the Skagerak’s expedition in January 
1970. The hydrogen sulphide has now com- 
pletely disappeared from all basins visible in the 
section. The oxygen concentration has again 
begun to decrease in the bot,tom water of the 
Gotland basin and is now around 0.9 ml/l. 
The intermediate layer has still a low oxygen 
content around 175 m. There are still small 
amounts of hydrogen sulphide in the Landsort 
Deep from 300 m downwards. West of Gotland 
hydrogen snlphide was found a t  only two sta- 
tions, in small amounts. 

The following figures show a longitudinal 
section through the deep basins along the course 
that the inflowing water is believed to take 
around Gotland. The figures illustrate the 
changes in the phosphate concentration during 
the period September 1968- January 1960. Fig. 
8 shows the condition in September 1968. It 
can be seen that the phosphate concentration 
increases toward the bottom of the deep ba- 
sins. In the bottom water of the Gotland basin 
the phosphate values are above 6 pg-at/l. The 
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Fig. 10. Longitudinal section through the Baltic around the island of Gotland along the line: Arkona 
Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso Deep, 
showing the distribution of phosphate-phosphorus in January 1969. 

phosphate concentration increases in the inter- ary layer to the stagnant hydrogen sulphide- 
mediate water below the primary halocline containing water, thereby transferring phos- 
counterclockwise around Gotland. This is due phate to the deep water. It can also be seen 
to the fact that this water slowly circulates that during the summer almost all phosphate 
around Gotland. It is “peeling” off the bound- has been used up by organisms above the 
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Pig. 11. Longitudinal section through the Baltic around the island of Gotland along the line: Arkona 
Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso Deep, 
showing the distribution of phosphate-phosphorus in April 1969. 

Tellus XXII (1970), 5 



542 S .  H. FONSELIUS 

0 

100 

200 

300 

Fig. 12 ,  Longitudinal section through the Baltic around the island of Gotland along tha line: Ar- 
kons. Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso 
Deep, showing the distribution of phosphate-phosphorus in November 1969. 

thermocline. Fig. 9. shows the conditions in 
November 1968. It can be seen as in the cor- 
responding oxygen section, that the phosphate 
is “peeled” off by the strong inflow of new water 
in the intermediate layer. One can also see that 

the bottom water of the Gotland Deep to  some 
degree is affected by the inflow. Also it  is ap- 
parent that  a certain winter convection has 
begun in the northernmost parts. Nutrients are 
transported to  the surface. The January sec- 
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Fig. 13. Longitudinal section through the Baltic around the island of Gotland along the line: Arkona 
Basin - Bornholm Basin - Gotland Basin - Northern Central Basin - Landsort Deep - Karlso Deep, 
showing the distribution of phosphate-phosphorus in January 1970. 
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tion for 1969 (Fig. 10) shows that the phosphate 
concentrations increase north and west of Got- 
land and that new water has penetrated to the 
bottom of the Bornholm basin. The isoclines 
for phosphate are almost vertical ahead of 
the inflowing water. The vertical convection 
has now “fertilized” the surface water in the 
whole Baltic. The phosphate concentrations in 
the surface water are between 0.10-0.50 pg-at/l. 
The section for April 1969 (Fig. 11) shows how 
the inflow continues and that new water now 
begins to flow down into the Gotland Deep. 
In  the surface water the spring production has 
begun and at some places the phosphate values 
are below 0.10 pg-at/]. Fig. 12 shows the con- 
ditions in November 1969. The phosphate con- 
centration in the bottom water of the Gotland 
Deep is now below 2 pg-at/l and higher con- 
centrations are found above, in the deep water. 
The autumn has been colder than in 1968 and 
production has almost stopped in the surface 
water. The phosphate values are between 0.10 
and 0.50 pg-at/] on all stations. In Fig. 13 it  
can be seen that the stagnation again begins 
in the deep water. The phosphate values in- 
crease in all deep basins. The surface water 
west of Gotland is “fertilized” with phosphate 
and the values exceed 0.50 pg-at/l. A large 
primary production may be expected during 
the spring. 

3. Tentative conclusion 

The results from these expedit)ions indicate 
clearly that the old stagnant water in the 
southern and middle parts of the Baltic proper 
have been forced towards the north and into 
the Gulf of Finland and counterclockwise 
around Gotland to the area west of Gotland. 
The hydrogen sulphide concentrations in these 
areas increased at first but decreased later dur- 
ing the autumn. In the Gulf of Finland all 
hydrogen sulphide has now disappeared and 
only very small amounts remain in the Lands- 
ort Deep and west of Gotland. The hydrogen 
sulphide has mixed with oxygen-containing 
water and has been destroyed. All the nutrients 
accumulated in the stagnant water have been 
washed out from the bottom areas of the deep 
basins and will eventually be mixed up into 

the surface water. This may even be happening 
now during the winter and spring of 1970, or 
possibly during the winter of 1971. This new 
“fertilization” of the surface water will most 
probably cause an enormous plankton bloom 
in the surface water. That will again increase 
the amounts of dead organic matter sinking 
down into the deep water. The result will then 
be a new formation of hydrogen sulphide close 
to the bottom. If the water remains for some 
time in the basins, the conditions will be still 
worse than during 1968. 

One easily gets the impression that the in- 
creasing discharge of waste water into the Bal- 
tic is a secondary reason for the oxygen defi- 
cit in the deep water. The Baltic has been 
“overstrained”. It can no longer recover from 
the hydrogen sulphide shocks in a natural way. 
The oxygen in the instreaming bottom water 
is almost completely used up before it reaches 
the northern areas of the Baltic proper. Man 
has “speeded up” the stagnation so that Na- 
ture cannot now restore normal conditions. It 
is therefore necessary to limit or stop the dis- 
charge of untreated waste water from commu- 
nities and industries in order to give the Baltic 
a fair chance to recover. 

Data 
The data used are results from the expeditions 

with the R/V Skagerak from the Fishery Board 
of Sweden. They will be published in Med- 
delande frdn Havsfiskelaboratoriet, Lysekil. 
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544 S. H. FONSELIUS 

0 BACTOE M HEGABHEM OEHOBJIEHMM BOAbI B EAJITMKE 

A a e T c n  K p a T K o e  o n m a H n e  rMnporpa@m H 
BOAHOrO 6 a n a ~ c a  EaJ ITHf iCKOrO MOPR. OIIACbI-  
BaIOTCR p a 3 J I A Y H b I e  IIHKHOKJIMHbI CO6CTBeHHO 
EaJITAfiCKOI'O MOPE,  IIpHTOK COJIeHOfi BOAbI 
Y e p e 3  A a T C K A e  IIpOJIHBbI A P a a B A T A R  3aCTOBHbIX 
RBJ leHHf i  B r J I y 6 0 K H X  6 a C C e f i H a X  MOPR. O ~ C Y X -  
A a e T C R  0 6 H O B J I e H A e  3aCTOfiHbIX r n y 6 o ~ ~ x  BOA A 
( ( y A O 6 p e H H e o  IIOBepXHOCTHbIX BOA I IATaTeJ Ib -  
HbIMM B e U e C T B a M A .  O n A C b I B a e T C R  n O T p e 6 J I e H A e  
KHCJIOpOna  A HaKOIIJ IeHAe  I IATaTeJ IbHbIX B e U e C T B  

r n y 6 o ~ t a x  B o a a x .  K p a T K O  06 'bRCHReTCR o6paao- 
B a H A e  B 3aCTOfiHbIX BORaX CYJIb@AAOB a M M A a K a ,  
a 3 O T a  A BOAOpOAa. O h C y W A a e T C H  Y M e H b I U e H H e  
KACJIOpOAa B m y 6 0 K H X  BOAaX E a J I T H K H  B T e q e -  
H H e  3 T O r 0  CTOJIeTLIR A B 0 3 M O X H b I e  I I p R q H H b I  
3 T O r 0  RBJIeHAR. OI IACbIBaeTCR C n O M O w b I O  rpa- 
@HKOB H e A a B H A e  06HOBJIeHHR 3aCTOfiHbIX A m y -  

n y T e M  pacnana O p r a m v e c K o r o  M a T e p n a n a  B 

~ O K H X  BOA, n p o n c x o A H s m e e  B T e q e H H e  1969 r. 

Tellus XXII (1970), 5 


