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Abstract 
 
Estuaries are transition zones between the land and the sea which form aquatic ecosystems, often 

referred to as marginal filters. Numerous classifications of estuaries are based on such criteria as: 

geomorphological structure, the character of water circulation and stratification, the ratio between 

freshwater and marine water and the type of energy flow. However, not all estuaries fall into one of 

the above categories. Some of them represent an intermediate type, while the type of others may 

change depending on the season and related changes in water inflow rate. Fisheries, including bi-

valve mollusks, depend on the high productivity of estuarine areas, which can be also used as ports 

or sites of recreation and industrial activities. Estuaries play a fundamental role in maintaining an 

ecological balance in the biosphere. 
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INTRODUCTION  
 

An estuary (Latin aestus – tide) is a semi-enclosed coastal body of water which has  

a free connection with the open sea (Odum 1982). Żmudziński et al. (2002) pro-

posed two definitions of the term estuary, a narrower and a broader one. According 

to the first definition, an estuary is the funnel-like, wide part of the mouth of a river 

flowing into the ocean or open sea, formed as a result of destructive tidal action. Ac-

cording to the second definition, an estuary is a semi-enclosed contact zone where 

fresh and salt waters mix, containing measurable quantities of marine salts. Depend-

ing on hydrological conditions (mainly salinity levels), estuarine water bodies can be 

divided into those with a low salt concentration (oligohaline zone) – bays (e.g. 

Szczecin Lagoon), a medium salt concentration (meso- or polyhaline zone) – limans 

(e.g. Dniester Liman, Tiligulsky Liman near Odessa), and a high salt concentration 

(hyperhaline zone) – lagoons (e.g. Laguna Madra in Texas). 

The definition of estuary was considerably modified at the turn of the 19
th
 and 20

th
 

centuries. Finch and Trewarth (1942) defined estuaries as open bays formed as a re-

sult of flooding. Ketchum (1951) described estuaries as regions where sea water is 
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diluted by freshwater run-off to a measurable degree. According to Pritchard (1952),  

an estuary is a semi-enclosed coastal body of water having a free connection with 

the open sea, containing a measurable quantity of sea salt. However, the most-

frequently cited definition was the one formulated by Schubel and Pritchard (1971), 

who described an estuary as a semi-enclosed coastal body of water which has a free 

connection with the open sea and within which sea water is measurably diluted with 

fresh water derived from land drainage. According to Majewski (1972), an estuary is 

the wide lower course of a river where its current is met by the tides of the sea which 

prevent the formation of a delta from the sediments brought by the river. The results 

of recent research by Telesh (2004) indicate that estuaries are transition zones be-

tween the land and the sea which form aquatic ecosystems, often referred to as mar-

ginal filters, characterized by the occurrence of a variety of interrelated biotic and 

abiotic factors. The above definitions show that estuaries share three features that 

enable to distinguish between them and other water bodies, i.e. an estuary is a costal 

structure formed by partial cutting-off an open sea area, an estuary is a water body 

which has a temporary or permanent connection with the open sea, an estuary is  

a zone or area of water in which freshwater (fluvial or lacustrine) and saltwater  

mingle. 

The aim of this review paper is to present the current state of knowledge on estua-

rine areas, including the criteria for their classification applied worldwide, their spe-

cific character as well as their economic role and ecological value. 

 

 

SPECIFIC CHARACTER OF ESTUARIES 

 

A characteristic feature of estuaries is great variability of physicochemical condi-

tions and biological parameters, so the organisms that live there must show a broad 

tolerance range – they have to be euryhaline and eurythermal species (Remane and 

Schlieper 1971). Physical conditions in estuarine areas (fluctuations in the levels of 

salinity, temperature, oxygen, pH), often have an adverse effect on species diversity, 

while alimentary conditions (high concentrations of nutrients and organic matter), 

extremely favorable, contribute to great species abundance. The fauna which colo-

nizes estuaries comprises euryhaline species found in marine, brackish and fresh wa-

ters (Schubel and Pritchard 1971, Day et al. 1989, Žaromskis 1996, Telesh 2004).  

Estuaries are dynamic and heterogenic ecosystems, where interesting and peculiar 

phenomena related to the mingling of marine and inland waters take place (Fig. 1). 

Estuarine areas have a specific water structure since the energy of freshwater in-

duces complex mixing processes. Friction forces that occur in the boundary layer be-

tween the surface freshwater layer and the bottom seawater layer are responsible for 

interfacial water mixing in estuaries. This results in water density stratification, 

whose best measure is salt concentration (Majewski 1972, Dethier 1992). The best 

known Polish estuaries are: the outlets of the Vistula River, Odra River, Gulf of 

Gdańsk and Pomeranian Gulf, while major estuaries in the world include: the outlets 

of the Amazon River, Thames River, Loire River, Tagus River, San Francisco Bay, 

Chesapeake Bay and Rio de la Plata (the largest estuary in the world). 
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CLASSIFICATION OF ESTUARIES 

 

Estuaries may be classified based on a variety of criteria, so there exists no universal 

classification system for those water bodies. The most frequently applied criteria in-

clude geomorphological structure, the character of water circulation and stratifica-

tion, the ratio between freshwater and marine water and the type of energy flow 

(Stommel 1951, Pritchard 1952, 1955, 1967, Odum et al. 1969, Odum 1982, Ma-

jewski 1972, Perkins 1974, Duxbury et al. 2002).  

Pritchard (1952, 1955, 1967) introduced a classification of estuaries based on diffe- 

rent criteria. The first classification system was based on the ratio between fresh- 

water and seawater (Pritchard 1952):  

– positive estuaries – in which freshwater input exceeds losses due to evaporation; 

such estuaries contain mixohaline water (e.g. Szczecin Lagoon, Lakes: Jamno, 

Łebsko, Sarbsko, Kopań), 

– neutral estuaries – in which freshwater input is equal to evaporation; such estuar-

ies usually contain euryhaline water (e.g. Strait of Georgia, British Columbia), 

– negative (inverse) estuaries – in which freshwater input is less than losses due to 

evaporation; such estuaries contain hyperhaline water (e.g. Laguna Madra in Texas). 

The second classification system was based on circulation and stratification 

structure (Pritchard 1952, 1955): 
– highly stratified, or salt wedge-type estuaries are those in which the impact of  

the river flow outweighs the impact of tides, as observed at the mouths of large 

rivers flowing into saltwater bodies. Lighter freshwater forms a layer over heav-

ier saltwater, forming a salt wedge along the bottom. The salt wedge moves 

landwards at the high tide, when water-level in the river is low, and seawards at 

the low tide, when water-level in the river is high. In such two-layer estuaries 

there is a strong vertical salinity gradient – a halocline. Examples: the rivers Mis-

sissippi, Hudson, Columbia. A salt wedge can be also observed at the outlets of 

rivers flowing into estuaries representing other types (e.g. the Sacramento River  

flowing into the San Francisco Bay), 

– partially mixed estuaries are those characterized by strong freshwater flow sea-

wards at the surface and strong seawater flow landwards at the bottom (freshwa-

ter and seawater input is more or less equal). In the upper layer seawater is mixed 

due to turbulence caused by tidal currents. Mixing across the river wa-

ter/seawater interface is also observed. The main factor responsible for water 

mixing is the cyclic nature of high and low tides. Salt penetrates into such estuar-

ies as a result of diffusion taking place in turbulent waters, as well as due to ad-

vection, i.e. transport of salt by water movement in deeper layers of the water 

body (e.g. San Francisco Bay, Strait of Georgia, British Columbia), 

– well-mixed (vertically homogenous, slightly stratified) estuaries are those in 

which the entire water column is mixed and salinity levels are high, comparable 

to those recorded in oceans, as a result of strong tidal flow. Slow-rate freshwater 

flow seawards is observed at all depths. Due to thorough water mixing caused by 

strong tidal turbulence, salinity remains uniform from the surface to the bottom, 

but decreases from the sea to the river. Saltwater transport up the river at the bot-
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tom is nil or slight, whereas salt is transported landwards due to diffusion in tur-

bulent waters. Horizontal distribution patterns of salinity and temperature are ob-

served. (e.g. shallow estuaries, like Chesapeake Bay and Delaware Bay), 

– hyperhaline estuaries are estuaries of a special type where salinity value in en-

closed bays may periodically exceed that of the open sea (reaching even 60‰) 

due to low freshwater inflow, a low tidal amplitude and considerable evapora-

tion. (e.g. Upper Laguna Madra and other coastal lagoons in Texas). 

The second classification of estuaries proposed by Pritchard was modified by 
Duxbury et al. (2002). These authors distinguished five types of estuarine water 

bodies, namely salt wedge-type estuaries (Fig. 2), partially mixed estuaries (Fig. 3), 

well-mixed estuaries (Fig. 4) and fjord-like estuaries (Fig. 5). In the opinion of 

Pritchard (1967), the last category should fall into another (third) classification. Ac-

cording to Duxbury et al. (2002), fjord-type estuaries are characterized by a deep 

elongated basin, a small surface area, moderately fast freshwater inflow and little 

tidal mixing. Examples: narrow and deep fjords of British Columbia, Alaska, Scan-

dinavia, Greenland, New Zealand and Chile. In such estuaries river water stays on  

 

 
 

Fig. 2. Salt wedge-type estuary (Duxbury et al. 2002) 
 

 
 

Fig. 3. Partially mixed estuary (Duxbury et al. 2002) 
 

 
 

Fig. 4. Well-mixed estuary (Duxbury et al. 2002) 
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Fig. 5. Fjord-type estuary (Duxbury et al. 2002) 
 

 
 

Fig. 6. Inverse estuary (Duxbury et al. 2002) 
 

the surface and moves seawards, and the exchange of freshwater and saltwater is re-

stricted. Water flow takes place primarily in the surface layer, and saltwater input in 

deeper layers is inconsiderable. Salt is transported up the estuary at a slow rate, as 

observed in the longest fjord in the world (over 200 km), Sognefjord in south-

western Norway. 

Duxbury et al. (2002) described also inverse (hyperhaline) estuaries (Fig. 6). Bays 

situated at 30°N and 30°S are characterized by low total precipitation and strong  

evaporation. Rivers may flow into those bays, but they cannot be considered estuar-

ies if saltwater is not diluted in them. River water input is usually insignificant, as 

compared to evaporation losses. Examples: Red Sea, Mediterranean Sea. In these 

seas evaporation causes an increase in the salinity level and density of surface wa-

ters. As a result, these waters flow down, accumulate at a certain depth and then 

flows outwards to the open sea. Oceanic water is lighter than river water, so it stays 

at the surface and enters the estuary in the upper layer. 

In the 1960’s Pritchard (1967) proposed the third classification of estuaries, 

based on their geomorphological properties: 
– coastal plain estuaries (drowned river valleys) – formed most often on coastal 

lowlands (e.g. Chesapeake Bay), 

– estuaries produced by tectonic processes – depressions found in coastal areas, 
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created by geodynamic landslides or faulting, often accompanied by considerable 

freshwater inflow (e.g. San Francisco Bay), 

– bar-built estuaries – shallow, with extensive lagoons, often possible to distinguish 

only at the low tide, with a characteristic bar formed at the mouth or with coastal 

islands connected to the sea by channels. The sand bars are often all that re-

mained of dunes cut off from the land by sea transgression (e.g. Lake Łebsko, 

Lake Gardno), 

– fjord-type estuaries – deep, characterized by a steep slope of adjacent land, cre-

ated by glacial action, often with a terminal moraine shoal at the mouth (e.g. 

Norwegian fjords), 

– estuaries formed in river deltas – at the mouth of large rivers like Mississippi, 

Nile, Vistula or Odra, differ from the above-mentioned ones and may represent 

still another type. In those estuaries semi-enclosed bays, channels and brackish 

marshes are created as a result of river mud and silt accumulation. 

Stommel (1951) divided estuaries into three categories, based on physical fac-

tors and mixing patterns, in view of the following phenomena: wind, tide and 

freshwater input: 

– wave-dominated estuaries – where the driving agent for turbulence is the fresh-

water flow (e.g. Szczecin Lagoon), 

– intermittently closed estuaries – isolated from the sea by a strait, where the driv-

ing agent for turbulence is the wind (e.g. Lake Łebsko), 

– tide-dominated estuaries – where the driving agent for turbulence is the tidal cur-

rent (e.g. Panama Canal). 

Odum et al. (1969) identified four types of estuaries, based on energy inputs to 

the ecosystem:  

– ecosystems characterized by extreme, stress-inducing ecosystems – such ecosys- 

tems, found across a wide range of latitudes, are affected by undulatory motion, 

strong tidal currents, rapid changes in salinity and temperature levels, fast-rate 

sedimentation and oxygen deficits at night. This category comprises cliffed 

coastlines, sandy beaches, channels with strong tidal currents, muddy deltas and 

hyperhaline lagoons. Species diversity in those ecosystems is relatively low, 

since few organisms are able to adapt to the highly variable environmental condi-

tions. A good example may be the Panama Canal – in this ecosystem the cool wa-

ter mass of the Pacific meets the warm water mass of the Caribbean Sea, creating 

stress conditions,  

– natural Arctic ecosystems affected by sea-ice cover – their distinguishing feature  

are extreme weather conditions, including limited access to light, low tempera-

tures and the physical impact of ice cover. Examples are glacial fjords, littoral 

zones that remain frozen over the winter and Arctic coastal biocenoses develop-

ing under ice cover, 

– natural coastal ecosystems of the temperate zone, showing seasonal variations – 

these are drowned river valleys, lagoons and bays found in the temperate climate 

zone (e.g. Polish Baltic Coast estuaries). They are characterized by cyclical, sea-

sonal changes in productivity, reproductive activity and behavior. Wave motion 

and tides supply energy to these semi-enclosed water bodies, causing no envi-
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ronmental stress. Such estuaries are usually highly fertile, but sensitive to pollu-

tion, channel deepening, bank reinforcement, silting and other environmental 

changes. Examples are the best-investigated estuaries and coasts of the temperate 

zone in North America, Europe and Japan, 

– natural coastal ecosystems of the tropical zone – the distinguishing feature of 

these ecosystems is relative stability of temperature, salinity and other physical 

factors. Such stress-free environmental conditions contribute to great diversity 

and abundance of plant and animal species, as well as to high intraspecific varia-

tion and a wide variety of behavior patterns. Bright coloring of particular animal 

species is often related to their complex life-cycle and an extraordinary mode of 

life. Among such unique communities there are mangrove shrubs with root sys-

tems adapted to living in salt water, under anaerobic conditions, in silt layers, 

tropical underwater meadows of sea grass, or coral reefs found in shallow waters, 

under conditions of relatively stable temperature and salinity and high light in-

tensity, 

– new ecosystems created as a result of human activities aimed at saving polluted 

estuaries – conservation measures taken to protect such water bodies include wa-

ter aeration, monitoring the health status of living organisms and supporting food 

production. Among all environmental changes induced by human activities (sew-

age discharge, water heating), dam construction (i.e. impairing a free connection 

of an estuary to the open sea) has the most degrading effect on the natural envi-

ronment. The self-purification capacity of an enclosed water body is much lower, 

compared to a natural water body (examples: Asuan dam on the Nile River, dam 

on the Yangtze River). In artificial lakes gradual organic matter mineralization 

results in oxygen deficit followed by depletion, which leads to the release of bio-

genic elements from bottom sediments into water column. 

Not all estuaries fall into one of the above categories. Some of them represent an in-

termediate type, while the type of others may change depending on the season and 

related changes in water inflow rate. 

The numerous estuarine water bodies at the Polish Baltic Coast (Fig. 7) were de-

scribed for the first time by Majewski (1972). Despite a similar genesis and geomor-

phological type, they are characterized by different hydrological (Majewski 1972) 

and hydrochemical (Trojanowski et al. 1991) conditions, influenced by the predomi-

nance of factors of terrestrial or marine character. Marine water inflow to estuarine 

water bodies is usually non-cyclical and related to the contact between the lake and 

the sea (in many Polish estuaries water level is only 10-30 cm above sea level) as 

well as to the geographical location of the lake (Mikulski 1972). The origin of some 

Polish coastal lakes remains unknown. The present shape of the shoreline was af-

fected primarily by Littorina transgression of the Baltic Sea in the Late Subatlantic 

Period (Paturej 2005).  
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SIGNIFICANCE OF ESTUARIES 

 

The biocenosis of estuarine water bodies comprises specific species (exclusively na-

tive to estuaries), species of marine origin and species showing osmoregulatory abil-

ity which permits their movement from or to freshwater habitats (Paturej 2005). The 

populations of edible marine organisms are a good example of endemic and marine 

species mixing. The majority of edible oyster and crab species dwell primarily in es-

tuaries, while some valuable shrimp species live and reproduce far from the shore, 

and only their larvae migrate into estuaries. Estuaries also provide ideal nur- 

sery grounds for the larval stages of coastal nekton, offering protective shelter and  

abundant food. Migratory fish species, like salmon and eel, are also associated with 

estuarine water bodies, where they rest during their migrations from saltwater to 

freshwater environments. The advantage of estuaries is that they are inhabited by 

producers able to produce their own food by the mechanism of photosynthesis all 

over the year.  

There are three types of producers in the estuaries: macrophytes, benthic micro-

phytes and phytoplankton. The highest rate of photosynthesis is observed among al-

gae at the high tide in the summer and at the low tide in the winter, when the shores 

are exposed to sunlight. Due to fast organic matter circulation, estuaries are usually 

areas of high fertility. The creation of such a self-enriching system is possible due to 

retention and rapid recycling of nutrients by benthos, formation of organic aggre-

gates and detritus, and the recovery of nutrients from deep sediments by the activity 

of microbes, deep plant roots or bottom-dwelling animals. The productivity of estua-

rine water bodies is also dependent on tidal action. Their potential productivity is di-

rectly proportional to tidal amplitudes, provided that tidal currents have no destruc-

tive impact. Tidal currents contribute to pollutant removal and bring food to seden-

tary organisms which in this way can save energy normally spent on searching for 

food. Sometimes the amounts of food material accumulated in the estuarine water 

bodies exceed the actual needs of living organisms. In such a case the detritus and 

nutrients are carried into the ocean, which may increase secondary production vol-

ume in coastal waters (McLusky 1981, Odum 1982, Day et al. 1989, Telesh 2004). 

In terms of productivity, estuaries fall into one category with rain forests and coral 

reefs. They tend to be more productive than the sea or freshwater drainage (Means 

and Wijayarante 1984). This is a consequence of high nutrient concentrations. Solu-

ble organic matter content is much higher in estuaries than in other aquatic ecosys-

tems. The productivity is particularly high in the zone where sea water is mixed with 

freshwater from land drainage. Many halophobic phytoplankton species die in this 

environment due to osmotic shock. Readily soluble organic matter released during 

algal cell plasmolysis is actively used by aerobic bacteria, which in turn are eaten by 

zooplankton (Olesn et al. 1986, Mudryk 1994). 

Fisheries, such as bivalves (Bivalvia) or oysters (Ostreidae), depend on the high 

productivity of estuarine areas. Until quite recently estuaries were seen as areas of 

wasteland, but today they are widely used for commercial purposes, particularly in 

Japan and the USA. Hopkins and Andrews (1970) reported that the annual produc-

tion per ha of a certain estuary in Texas was 2 900 kg of meat of the bivalve Rangia 
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cuneata, and 13 900 kg of shells. Assuming that 1 g of fresh weight corresponds to  

8 kJ, we obtain approximately 2 428 kJ/m
2
, which is comparable to the harvests in 

the best managed and intensively fertilized fish ponds. Raft-type oyster cultivation 

practiced in Japan provides 5- to 10-fold greater biomass than natural harvests. Oys-

ter farms enable efficient use of the natural productivity of estuaries on condition 

that the planned production volume does not exceed the production capacities of the 

ecosystem. Estuarine areas can be also used as ports (e.g. Szczecin, Gdynia, London, 

Buenos Aires), or as sites of recreation and industrial activities.  

Estuaries perform a very important function of natural filters for a variety of chemi-

cal compounds contained in waters flowing through these areas. They form an effec-

tive buffer zone that prevents the penetration of toxic biological substances and or-

ganic pollutants into the sea (Sokołowski et al. 2001, Łysiak-Pastuszak et al. 2004, 

Kowalewska et al. 2003, Telesh 2004).  

In Poland complex estuaries, combining various biotopes (habitats) included in the 

Natura 2000 network, are formed by the rivers Vistula and Odra (Warzocha 2004). 

River-mouth areas play a significant role as transitory habitats between freshwater 

and saltwater ecosystems. Acting as a link between the river and the sea, these areas 

are of primary importance for fish species that live in different environments (e.g. 

trout, vimba). The estuaries of Vistula and Odra are also key sites (recognized on  

a global and European scale) for the protection of threatened bird species – ringed  

plover (Charadrius hiaticula), Kentish plover (Charadrius alexandrinus), sandwich  

tern (Sterna sandvicensis), Arctic tern (Sterna paradisaea), herring gull (Larus ar- 

gentatus). The conservation of river-mouth areas allows to maintain the species di-

versity of European avifauna. In addition, the Vistula River outlet area provides 

habitat for wintering birds, particularly long-tailed duck (Clangula hyemalis) (the 

observed population size exceeds 1% of that wintering in Europe), common gold-

eneye (Bucephala clangula) and common gull (Larus canus). The Odra River estu-

ary is considered a major wintering ground for waterbirds in the Baltic Sea region, 

especially for mergansers (Mergus sp.) and mute swans (Cyganus olor). Grey seals 

(Halichoerus grypus) can be also found at the river-mouth. 

 

Characteristics of some estuaries: 
San Francisco Bay is an estuary covering an area of 1 240 km

2
, with an average 

depth of 4.3 m, with the fluvial system draining 40% of California. In 1769 Spanish 

missionaries sent to explore this land found the Bay surrounded by marshes, which 

provided food resources for the local population. The area was developing at a slow 

rate until the gold rush of 1848. During the next 50 years the swamps disappeared, 

the bay became shallower, and most of freshwater was used for field irrigation. 

Alien animal species introduced into the water of the Bay gradually replaced native 

ones. In order to provide food for the local population, the biological resources of 

the Bay (including fish stocks – salmons, sturgeons, sardines, flatfish, crabs and 

shrimps) were exploited. Until 1900 many fish species, mollusks and wild birds 

were exterminated. Following the gold rush the transcontinental railroad construc-

tion project was completed in 1869, which provided a means to transport live oysters 

from the East Coast. Large quantities of eastern oysters were introduced into the Bay 
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area, but they never successfully reproduced there. The only fish species harvested 

in the Bay were anchovies and herrings. The swamps in the Bay area and the deltas 

of rivers flowing into the Bay (particularly the deltas of Sacramento and San Joa-

quin) were drained. At first the land was used for agricultural purposes, later also for 

housing and industrial activities. As a result, the surface area of coastal wetlands 

(tidal marshes) decreased 15-fold. Intensive agricultural, economic and industrial ac-

tivities changed the quality of water flowing into the Bay (Duxbury et al. 2002).  

Compared with other estuarine water bodies in the USA, the San Francisco Bay eco-

system has been transformed to the greatest degree. However, no eutrophication 

processes have been observed there since the end of the 1960’s, and for the first time 

in many years mollusk harvest was permitted. This improvement in local ecological 

conditions was possible, among others, due to the establishment of the San Fran-

cisco Bay Conservation and Development Commission in 1965. 

Chesapeake Bay is a shallow drowned valley covering an area of 11 500 km
2
, with 

an average depth of 6.5 m. The local fauna comprises oysters, blue crabs, wild birds, 

fish dwelling over the rocky bottom and allis shad. From the colonial times the Bay 

has been under constant pressure of increasing population density. It has also re-

ceived massive amounts of pollution from the urban areas of Washington, Baltimore 

and Norfolk. The bay was once known for seafood production, but in the 1980’s 

oyster harvests decreased by 2/3, compared to 1950’s, while the volume of fish catch 

decreased from 2 700 tons to 270 tons over this period. The allis shad is no longer 

fished commercially. Untreated effluents discharged to the estuary at the beginning 

of the 20
th
 century gave rise to eutrophication processes and contributed to the out-

break of a typhoid fever epidemic. An initiative of the Chesapeake Bay Program 

(1983) enabled to reduce sewage discharge and phosphorus load by 75%. The local 

environmental conditions improved greatly, which was followed by an increase in 

the harvests of blue crabs and oysters.  

According to Duxbury et al. (2002), the state of the natural environment in the 

Chesapeake Bay is affected not only by human activities, but also by global climate 

changes, such as tropical cyclones that cause flooding and increased freshwater in-

flow to the bay, followed by a decrease in water salt concentration. Those meteoro-

logical variations are reflected in cyclical changes in the population size of oysters 

which managed to survive.  

In the Polish coastal zone typical estuarine areas, in the form of bays, are the Gulf of 

Gdańsk and the Pomeranian Gulf (Paturej 2006).  

Pomeranian Gulf (the area of 25 km
2
) – the driving force of estuarine processes in  

this gulf are the Odra River and smaller rivers of the Pomeranian Lakeland and the 

Mecklenburg Lakeland, forming secondary and tertiary estuaries. At the Pomeranian 

Gulf, a secondary estuary is formed by the Gulf of Greifswald, the Szczecin Lagoon 

with the Gulf of Achterwasser and Lake Wrzosowskie, while a tertiary estuary is 

formed at the outlet of the Odra River to the Szczecin Lagoon, together with Lake 

Dąbie and Roztoka Odrzańska (braided river). A specific structure of estuarine wa-

ters can be observed in the Pomeranian Gulf. Due to a low depth (average – 9 m, 

maximum – 15 m) and capacity, considerable freshwater inflow (17.6 km
3
) signifi-

cantly reduces salt concentration in the aquatic environment. Two mutually destruc-
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tive tendencies can be observed in the Pomeranian Gulf. One involves water stratifi-

cation caused by differences in the density of freshwater and seawater, and the other 

causes damage to this structure. These processes contribute to full exchange of sea-

water and river water, and to a decrease in salt concentration all over the gulf (Mi-

kulski 1970, Majewski 1972).  

The largest and most important estuary within the Pomeranian Gulf is the Szczecin 

Lagoon (salinity – 0.5 to 2‰, β-oligohaline zone). This estuary is distant from the 

Baltic Sea, but connected to it by three straits: Piana, Świna and Dziwna. A charac-

teristic feature of the Szczecin Lagoon is a low salt concentration, resulting from the 

fact that the water from the Odra River accounts for 95% of the freshwater inflow. 

Unfortunately, it also carries a considerable pollutant load in the form of soluble 

compounds and suspended solids. At the same time, the Szczecin Lagoon plays the 

role of a large, natural “biological wastewater treatment plant”, and substantially re-

duces the pollutant load carried by the Odra River to the Baltic Sea (Łysiak-Pas- 

tuszak et al. 2004). 

Gulf of Gdańsk (the area of 630 km
2
) – the driving force of estuarine processes is 

here the Vistula River. Extensive secondary estuaries are formed by the Vistula La-

goon (that has contact with marine waters via the Baltiysk Channel) and Dead Vis-

tula. A tertiary estuary is formed by Lake Drużno and Szkarpawa (a cut-off arm of 

the Vistula River), where marine waters are supplied via the Vistula Lagoon. Despite 

considerable amounts of freshwater supplied mainly from the rivers of the Vistula 

Lowlands as well as Motława and Radunia (34.4 km
3
), salt concentration decreases 

in the surface layer only, because the average and maximum water depth in the Gulf 

of Gdańsk reaches 70 m and 118 m respectively, which means that water is perma-

nently stratified (Mikulski 1970, Majewski 1972).  

One of the most important estuaries within the Gulf of Gdańsk is the Vistula La-

goon (salinity – 0.5 to5‰, /mixo/oligohaline zone). This is a brackish water body 

cut off from the Gulf of Gdańsk by the Vistula Sandbar, connected to the Gulf of 

Gdańsk by the Pilawa Strait. The specific structure of the estuarine waters of the Vis-

tula Lagoon was shaped at the turn of the 19
th
 and 20

th
 centuries. Before the arms of 

the Vistula River were cut off, the Lagoon was a body of freshwater. The reconstruc-

tion and redevelopment carried out at the outlet of the Vistula River (end of the 19
th
 

century) were followed by major changes in the character of estuarine circulation in 

the Lagoon, where the inflow of marine waters through the Baltiysk Channel plays a 

much more important role than the supply of inland waters. The highest salinity lev-

els are recorded in the vicinity of the Baltiysk (10‰), and decrease proportionally to 

the distance from the strait, both to the south-east and to the east. The Lagoon never 

contains freshwater only. Freshwater supplied by the following rivers: Pregoła, 

Nogat, Pasłęka and Elbląg provides substantial quantities of biogenic substances 

(Łysiak-Pastuszak et al. 2004). 

The values of productivity indices, reflected in the mean annual catch rates (1989- 

-1998), were lower in the Vistula Lagoon (2 288 tons) than in the Szczecin Lagoon 

(2 627 tons), where more freshwater rich in biogenic elements is supplied (Borowski 

2000, Garbacik-Wesołowska and Boberski 2000). Biological differences between 

the Szczecin Lagoon, with a low salt concentration, and the brackish Vistula Lagoon 
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are vast. The phytoplankton communities are dominated by diatoms in the Szczecin 

Lagoon, and by blue-green algae in the Vistula Lagoon. As regards zooplankton, in 

the first water body Cyclopoida can be found among copepods, the proportion of 

Cladocera is relatively high, while the contribution of Rotifera is small. A distin-

guishing feature of the other water body is the mass occurrence of Calanoida (Eury-
temora affinis, Acartia bifilosa) and Rotifera. In the Szczecin Lagoon mollusks ac-

count from 80 to 90% of the total biomass of bottom-dwelling organisms, with  

a high abundance of Dreissena polymorpha, Oligochaeta and Chironomidae. In the 

Vistula Lagoon mollusks made up 13 to 14% of total biomass, Dreissena polymor-

pha are rare, whereas Chironomidae and Marenzelleria viridis constitute 70% and 

from 60 to 90% of biomass (Adamkiewicz-Chojnacka 1978, Giziński et al. 1980, 

Różańska 1972, Wiktor 1967, Wolnomiejski and Grygiel 1992, Wolnomiejski 1994, 

Żmudziński 2000). 

 
 

CONCLUSIONS 
 

Estuaries are located in the contact zone between the land and the sea, often in 

densely populated areas subject to considerable transformations that cannot be 

avoided. In order to preserve their natural, unique character, these highly productive 

water bodies, providing renewable natural resources, should be thoroughly investi-

gated and rationally managed. Their role in human life cannot be overestimated, due 

to the fact that estuarine water bodies: 

– offer good navigability and sailing conditions, 

– constitute major sea routes, 

– serve as an ideal location for large seaports, 

– are used for fishing purposes, 

– provide nursery grounds for the larval stages of coastal nekton, 

– provide ideal living environments for migratory fish species such as salmon and 

eel, 

– yield high seafood production (oysters, bivalves), 

– perform a function of natural filters for a variety of chemical compounds con-

tained in flowing water, 

– act as trophic traps protecting seas and oceans against pollution, 

– serve as leisure and recreation centers, 

– constitute complex ecosystems characterized by great biodiversity. 
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ESTUARIA – RODZAJE, ICH ROLA I ZNACZENIE W ŻYCIU CZŁOWIEKA 

 
Streszczenie 

 

Estuaria to tereny przejściowe pomiędzy lądem a morzem, które tworzą wodne ekosyste-

my, często nazywane „filtrami brzeżnymi”. Liczne klasyfikacje estuariów oparte są na takich 

kryteriach, jak: struktura geomorfologiczna, charakter cyrkulacji i stratyfikacji wód, stosunek 

dopływających wód słodkich do morskich oraz typ przepływu energii. Nie wszystkie estuaria 

można zaliczyć do jednej z przedstawionych kategorii. Niektóre z nich stanowią typy pośred-

nie, inne zmieniają typ z jednego w drugi, w zależności od pór roku i związanych z tym 

zmian tempa napływu wód. Wielka produktywność estuariów może być wykorzystana przez 

człowieka do produkcji żywności w formie hodowli ostryg, małży i rybołówstwa; mogą słu-

żyć jako porty, rejony rekreacyjne i ośrodki przemysłowe; mają również ogromne znaczenie 

ekologiczne dla zachowania równowagi w biosferze. 

 

 

 

 

 

 

 

 

 

 
 


