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The present study is just a summary of some key chapters of forthcoming book on Baltic Sea biodiversity concept. For more information please visit http://www.zin.ru/projects/baltdiv/biodiversity_concept.html 

Baltic Sea is semi-closed, shallow, brackish water body having smooth salinity gradient and unique fauna and flora. It is a young sea and in glacial time it was a cold lake. Baltic Sea until now retains many features of lake. Biodiversity of Baltic Sea is relatively low while in its own way is unique and needs special measures for its preservation.
At present the following 9 sub-regions of Baltic Sea are usually considered: Baltic proper, Kattegat, The Sound, Western Baltic, Bothnian Bay, Bothnian Sea, Archipelago Sea, Gulf of Finland and Gulf of Riga.
Main rivers of Baltic Sea basin are giving the huge freshwater input making this inland sea very diluted with very smooth salinity gradient from riverine fresh waters up to fully saline ocean waters. The following rivers we consider in our study: in Kattegat – Götaälv; in Baltic proper – Göta Kanal, Oder, Vistula, Nemunas; in Bothnian Sea – Dalälven, Ångermanälven, Kokemaenjoki; in Bothnian Bay – Skellefteälv, Muonioalv, Kemijoki, Livajoki, Oulujoki; in Gulf of Finland – Neva, Narva; in Gulf of Riga – Daugava.
River run-off to the Baltic Sea and its various subcatchments from 1950 to 1998 we analyzed following HELCOM publication (HELCOM 2002). Riverine waters are giving considerable contribution practically to all water areas of the Baltic Sea.
In the Baltic Sea there are oligohaline and mesohaline water areas, and each of them has its own specific flora and fauna. The most freshened areas there are Gulf of Finland and Gulf of Bothnia. 

Central water area of Baltic Sea has pronounced mesohaline character. Only in Kattegat and Sound polyhaline conditions can be found.
Beginning from S. Ekman various publications we are showing that near-bottom and surface salinities in the Baltic Sea are different. Very often salinity at surface is much less than near the bottom. We used P. Hunfer (1982) surface salinity data for making our ecosystem zoning in the Baltic Sea.

We distinguished for the whole Baltic Sea 5 main types of Baltic Sea ecosystems regarding salinity factor: freshwater ecosystems, transitional freshwater-brackishwater ecosystems, brackishwater ecosystems, transitional brackishwater-marine ecosystems and marine ecosystems.

We also analyzed changing of the species number following salinity gradient starting with publication of A. Remane and following those of J. Välikangas, S. Segersträle, O. Kinne, V. Khlebovich, A. Jarvekulg, B.-O. Jansson and some other well known scientists, that showed decreasing of marine species biodiversity following decreasing of Baltic Sea salinity.

In our present study we analyzed number of fishes, free-living invertebrates and plants without micro-Metazoa, Protozoa and Bacteria. We did this analysis not only for Gulf of Finland but also for Baltic Sea Proper, Bay of Bothnia, Bothnian Sea, Gulf of Riga and Kattegat. We also calculated number of species using acad. A. Alimov formula (n=199.21*S0.155). Number of species received from scientific literature or by expert evaluation was the same only for Gulf of Finland, Bay of Bothnia, Bothnian Sea and Gulf of Riga. Number of species in Baltic Sea Proper is twice lower but in Kattegat it is 4 times higher than according this formula. We are concluding that formula could be used only for freshwater ecosystems and transitional freshwater-brackishwater ecosystems. 
The largest contributions for studying salinity influence on biodiversity made 2 scientists: Prof. Otto Kinne and his theory on horohalinicum, Prof. Vladislav Khlebovich and his theory of critical salinity.
In the beginning of 20th century the number of works on the Baltic Sea biodiversity has increased. There were publications by Ekman (1913), Petersen (1913, 1914) and Thulin (1922). Later there were studies by Demel with co-authors (Demel et al., 1927-1954), by Remane (1933-1955), by Segersträle (1932-1958) and by Välikangas (1926-1933), by Kinne (1949-1970) and others.
Biodiversity of Baltic Sea is studied intensively since the middle of 19th century. Studies of Swedish zoologist Loven (1864) could be considered as pioneer. It is to mention works of Möbius (1873) and Heinke (Möbius, Heinke, 1883), and also by Brandt (1897) and Nordquist (1890).
Russian and soviet scientists also contributed to the studies of Baltic Sea biodiversity. We shall notice only some of them and years of their major scientific publications: Derjugin (1923-1924, 1934-1935), Nikolaev (1949-1985), Shurin (1957), Zenkevich (1963), Khlebovich (1974), Jarvekulg (1960-1999) and many others.
Above-mentioned scientists from Baltic Sea states have demonstrated that biodiversity of this young sea was formed in postglacial time and is highly heterogeneous by its composition. It consists of three main components: marine, freshwater, brackishwater (sensu stricta).
The first group is the main part of Baltic Sea biota. It includes relicts if previous geological times and immigrants from remote marine water bodies. The second group includes large number of Baltic Sea inhabitants, which come together with freshwater inflow. The third group is represented by large number of species and in its turn is divided into 2 subgroups: 1) ancient brackishwater arctic relicts (pseudorelicts-immigrants) formed in the glacial time in freshened areas of arctic basin and migrated into Baltic Sea in postglacial time from the North-East and East possibly via fresh waters; 2) Brackishwater forms originated from freshwater ones.
We are discussing classification of osmoconformers and osmoregulators.
General table of osmoconformers and osmoregulators is presented. Very briefly the following groups are analyzed:
Osmoconformers – majority of recent primary marine hydrobionts: Coeletnterata, Vermes, Mollusca, Arthropoda, Echinodermata, etc. 

Confohyperosmotics – majority of recent widely euryhaline primary marine hydrobionts: Polychaeta, Gastropoda, Crustacea, etc.

Hyperosmotics – majority of recent freshwater hydrobionts: Oligochaeta, Rotatoria, Mollusca, Crustacea, Insecta, freshwater Pisces, etc.

Amphyosmotics – some Crustacea, some Insecta, anadrom Pisces.

Hypoosmotics – some secondary marine Crustacea, majority of recent secondary marine Pisces.
Evolution of all known types of osmoregulation is analyzed too following their hierarchy:
A0 – Hypothetic ancestral osmoconformer

A1 – Stenohaline marine hydrobionts (osmoconformers I)

A2 – Marine hydrobionts (osmoconformers II)

A3 – Euryhaline marine hydrobionts (osmoconformers III)

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I)

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II)

C1 – Freshwater hydrobionts (hyperosmotics I)

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics)

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I)

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II)

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III)

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV)

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics)
Before discussing situation in the Baltic Sea the percentage of different types of osmoconformers and osmoregulators in the World Ocean and fully saline seas as Barents Sea, Sea of Japan, etc. were analyzed:
A1 – Stenohaline marine hydrobionts (osmoconformers I) – 30%

A2 – Marine hydrobionts (osmoconformers II) - 25%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 15%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 5%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 3%

C1 – Freshwater hydrobionts (hyperosmotics I) – 0%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 1%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 0%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 1%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 20%
In addition to the earlier mentioned analysis percentage of different types of osmoconformers and osmoregulators in brackish water seas as Black Sea, Sea of Azov, etc. were investigated:
A1 – Stenohaline marine hydrobionts (osmoconformers I) – 3%

A2 – Marine hydrobionts (osmoconformers II) - 5%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 10%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 10%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 15%

C1 – Freshwater hydrobionts (hyperosmotics I) – 5%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 10%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 5%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 5%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 2%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 30%
In order to complete our preparation for the Baltic Sea analysis percentage of different types of osmoconformers and osmoregulators in freshwater lakes as Ladoga, Onega, etc. were calculated:
A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) –0%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 0%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 0%

C1 – Freshwater hydrobionts (hyperosmotics I) – 98%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 1%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 1%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 0%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 0%
After this preliminary investigation we now calculated the percentage of different types of osmoconformers and osmoregulators in the whole Baltic Sea:
A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 5%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 15%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 24%

C1 – Freshwater hydrobionts (hyperosmotics I) – 14%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 9%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 9%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 10%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 14%
Now and further down we shall calculate the same parameters for the different water areas of the Baltic Sea.

Let’s start from the percentage of different types of osmoconformers and osmoregulators in the Western Baltic, Baltic Sea proper and Archipelago Sea

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 10%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 20%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 25%

C1 – Freshwater hydrobionts (hyperosmotics I) – 2%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 5%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 10%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 10%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 23%
Now we would like to calculate the percentage of different types of osmoconformers and osmoregulators in the Kattegat and the Sound

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 15%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 25%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 15%

C1 – Freshwater hydrobionts (hyperosmotics I) – 0%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 3%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 5%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 15%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 22%
Let’s continue with the percentage of different types of osmoconformers and osmoregulators in the Bothnian Bay and Bothnian Sea

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 1%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 10%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 25%

C1 – Freshwater hydrobionts (hyperosmotics I) – 30%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 15%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 10%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 5%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 4%
Let’s calculate the percentage of different types of osmoconformers and osmoregulators in the Gulf of Finland

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 2%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 15%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 30%

C1 – Freshwater hydrobionts (hyperosmotics I) – 20%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 10%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 5%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 10%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 8%
Let’s calculate the percentage of different types of osmoconformers and osmoregulators in Neva bay

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 0%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 1%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 1%

C1 – Freshwater hydrobionts (hyperosmotics I) – 96%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 1%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 1%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 0%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 0%
Let’s finally calculate the percentage of different types of osmoconformers and osmoregulators in the Gulf of Riga

A1 – Stenohaline marine hydrobionts (osmoconformers I) – 0%

A2 – Marine hydrobionts (osmoconformers II) - 0%

A3 – Euryhaline marine hydrobionts (osmoconformers III) – 5%

B1 – Widely euryhaline marine hydrobionts (confohyperosmotics I) – 17%

B2 – Brackish water hydrobionts of marine origin (confohyperosmotics II) – 25%

C1 – Freshwater hydrobionts (hyperosmotics I) – 15%

C2 – Brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics) – 10%

D1 – Some Caspian Brackish water hydrobionts (amphiosmotics I) – 8%

D2 – Some euryhaline Australian hydrobionts of freshwater origin (amphiosmotics II) – 0%

D3 – Euryhaline hydrobionts of freshwater origin (amphiosmotics III) – 10%

D4 – Widely euryhaline hydrobionts of freshwater origin (amphiosmotics IV) – 0%

E – Euryhaline marine hydrobionts of freshwater origin (hypoosmotics) – 10%
We could conclude that euryhaline marine hydrobionts (osmoconformers III) could spread all over Baltic Sea, excluding strongly freshened areas of estuaries
We could conclude that widely euryhaline marine hydrobionts (confohyperosmotics I) could spread all over Baltic Sea including estuaries.
We could conclude that brackish water hydrobionts of marine origin (confohyperosmotics II) could spread all over Baltic Sea including estuaries
We could conclude that freshwater hydrobionts (hyperosmotics I) could spread Only in estuaries and freshened gulfs of the Baltic Sea, not available in Kattegat and the Sound
We could conclude that euryhaline hydrobionts of freshwater origin (amphiosmotics III) could spread all over Baltic Sea including strongly freshened estuaries
We could conclude that euryhaline marine hydrobionts of freshwater origin (hypoosmotics) could spread all over Baltic Sea excluding strongly freshened estuaries
We are giving special attention to recent invader to the Baltic Sea Evadne anonyx. Parthenogenetic females with developing embryos in the closed brood pouch could conquer not only the whole Baltic Sea but also invade Skagerrak and may be the North Sea quite soon. Evadne anonyx as some other Caspian Brackish water hydrobionts has amphiosmotics I type of osmoregulation. So this recent invader could spread in the distant future even all over World Ocean, except of strongly freshened areas of estuaries and cold waters of Arctic and Antarctic oceans. “Old” invader to the Baltic Sea Cercopagis pengoi could conquer only brackish and fresh water localities of the Baltic Sea and will never conquer Danish straits and Kattegat. Cercopagis is brackish water hydrobionts of freshwater origin (hyperosmotics II or secondary confohyperosmotics). This old invader is not Caspian Sea endemic. In the contrast to this Evadne anonyx is a true Caspian endemic and its invasion story could be bigger and wider that those of Cercopagis. In the nearest future one more Cladocera Podonevadne camptonyx could appear in the Baltic Sea. It has the same type of osmoregulation as Evadne anonyx.
When you are looking for possible invaders to the Baltic Sea you need to know their osmoregulation capacities. Availability of resting stage is increasing the risk of invasion. Representatives of populations from Sea of Azov have the closest living conditions to those of the Baltic Sea and risk of their invasion is the highest. 
At present the main source of immigrants to the Baltic Sea from seas and lakes – remnants of Paratethys are: Black Sea, Sea of Azov, Caspian Lake. The average salinity of all this water bodies is very close to those of Baltic Sea: Black Sea – 18 ‰, Sea of Azov – 10 ‰, Caspian Lake – 12 ‰.
Finally let’s consider zones of barrier salinities and tolerance ranges of hydrobionts from marine and continental waters. 
Barrier salinities of marine waters: 5 –8‰ – first, 16–20‰ – second, 26–30‰ – third, 36–40‰ – fourth, 50–55‰ – fifth; 

barrier salinities of continental waters: 5–20‰ – first, 50–60‰ – second, 100–300‰ and higher – third. 

Unfortunately Baltic Sea is about to be a dying sea. We are very lucky that our sea is not a dead sea yet. In order to improve the situation we need to have some urgent measures. Some of them are already proposed by scientists and decision makers from Baltic Sea littoral states. As example I could refer to suggested measures to oxygenize the deeper salt water of The Baltic Sea made by Peter Kjaerboe and his team (http://o2gruppen.se).
As is obvious from afore given data, Baltic Sea is very rich in hydrobionts with various types of osmoregulation. In fact there are no only stenohaline marine hydrobionts of freshwater origin (osmoconformers-I, II) and also euryhaline Australian hydrobionts of freshwater origin (amphiosmotics-II). As a result in the Baltic Sea it is possible to find practically all barrier salinities. Barrier salinities of lower salinity range are expressed in the estuaries of Baltic rivers, and those of the higher one are expressed in Kattegat and the Sound. Urgent measures are needed to improve environmental condition in the Baltic Sea. For deep-water zone project proposed by Peter Kjaerboe and his team is considered to be of great importance.
