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Summary

The report describes thephysiogographic sociceconomic and institutionatonditions of the
Tyligulskyi Lagoonand its drainagdasin located in th@orthwesternpart of theBlack Sea.In
addition, an overview about the knowledand knowledge gaps are given

The natural resources of thglifulskyi Lagoon consist of anique coastal landscape, rich flora and
fauna,mineral therapeutimuds With regard to the importance of the Tyligulskyi Liman lagoon as a
place for fatteningnesting and rest of migrant birds, it is included in the IBA (Important Bird Areas)
List and in the List of Ramsar Wetlands of Internatiomapdrtance as avaterfowl habitatof
international valueDuring the last decades, fish resourdesreasedonsideably due tosummer
hypoxia andncreagng salinity inside the lagoonNevertheless, catels may increasén the future if

the populatiors of sea species increase.

The main ecologicgiroblems for the Tyligulskyi Lagoon are:

1 the summer phytoplankton andtitom marophytes bloom resulting ihypoxiaandthe death of
hydrobionts

T the gradual increase ofater salinity caused by both decreasing freshwater inflowseadwvater
intake;

1 the instability of hydrological and hydrochemical conditions in the lagoon.

Part of the problem is devoted to 167 artificial ponds and reservoirs (most of them illegal) that uses
50 % of total inrcoming water to the lagooitwo regional landscape parks asig wildlife preserves

were established to maintain the natural resouocfethe lagoon theseare onthe list of natural
reservesn Ukraineand are protected by national laws concerning the use of natural resdinees

is a need tadevelop a strategy for water resources managemedtiongterm plans ér socic
economial adivitiesin the lagoons catchmeand strategies for climate change impacts.

Since 2001 until the present, monitoriafhydrology, hydrochemsétry andbiotic componenthave
been concentrated @he lagoon coastal zondgth irregularfrequency. limited financial resourcethe
last decade is the reason for tHikis mean that the understanding of the ecological fumictpof the
lagoons is limited.

There exist a lot of data on theciceconomic state of theyligulskyi Lagoonbut these data relates to

the end of the 1996h and the beginning of the 208®@ Unfortunately, the recent data is not freely
accessible and scattered in many regional directorates and departments. For ekempestal
protective strips and water protection zones are natljodefined on most part dfyligulskyi Lagoon

and Tyligul River and not included in land management records. The reasons are as follows. First, the
development of land management projects defining the borders of the coastal protective strips
demands conderable funds which local autonomous bodies lack. Second, in the 1990s the lands of
water protection zones and coastal protective strips were shared for local residents and set aside for
holiday villages.lllegal economical activity ansinproper land uséake place irthe water protection

zone and coastal protective strip. The activity of economical players and residents harms appreciably
the environment and natural resources of the lagoon and creates favourable conditions for water
pollution in the lagoon Also, the residents, state authorities, and local autonomous bodies are
ecologically unconscious and uninformed in respect of environmental protection and conservation.

There is aack of anintegrated coastal zone management system in Ukraine, arbassgement

model for the catchment, river basin management planpgiammes for the monitoring of water
statuscan be counted among the problems of natural resources protection and conservation at the
Tyligulskyi Lagoon.
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1. Introduction

The Tyligulskyi Lagoon is one dahelargest, longestand deepst lagoorlocated between the Dnieper

and Danube rivers in the Ukrainian part of the northwestern coast of the Black Sea (Fighé&.1)
coast of the Tyligulskyi Lagoois a natural reservén Ukraine ancbn the List of Ramsaietlandsof
International Importancdt is a unique natural system possessing numerous natural resources that can
be uséul for the sociceconomic development of adjacent territoriparticularly for recreatical
purposesecotourism,public health, aquaculturandfishing.

The Tyligulskyi Lagoon is separated from the sea by an isth(dusm wide and 7 km longsee
section 2.1 for details), arah artificial canal joining the lagoon and the sea. However, the tsanat
always functbnaldue to the accumulatiarf sand carried in frorthe sea.

The lagood svater conditionsdepend on th&olume of waer inflow from its catchment(including

the Tyligul river runoff), the precipitationevaporation ratioandthe water exchange with thiglack
Seathrough the canaDuring the periodfrom May to Septemberevaporationexceeds precipitation
threefold As a result of anthropogenic transformasiagm the lagoondrainagebasin,a considerable
amountof the Tyligul river runoff goes intoartificial ponds and reservoijrshereforethel agoon é s
waterlevel decreasdsy 05i 1 mduringdry summers

Ther egi onal | &y d s g apcapiegpha dakterndand westernastsof the lagoonThe
parkis home to aonsiderable spectrum of ramed endangered species of fauna and flora

¥ VMY KOLATVS KA g ¥ -
) % OBLAST » A

TRANSENES TRIA

A 3 e
Y. :

Tyligulskyi Lagoon. 4
! ._‘ " \

% v bt \ Sl T L "i
ORES'KA ; P e AT T i
N o T e *“Novaya
A JKiéison Kakhav
; L KHERSOM
OBLAS
CAvAL TN, I eilhorod-Distrovstkyy
Q\ad’{f / ‘.:»\ ht 1_'_. ',, - ¢ .|‘
.,‘fLUm-"-;’;' S Artsyz o g S O " Armyansk
g £ 2] )
'.' IJ S | ey e
|‘ &
f;s.. v ) e ]
I Kiys o P
3 3 ’ RESPU
1zmavil
o) 3 =
'_”"A'(.ﬁ(- ( |
’mcoa Yevpatoriva""'-:.:_,v

Figure 1.17 The lagoons ithe northrwesternpart of the Black Sea including tRgligulskyi Lagoon.
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Currently, thee is nointegrated water management within the Tyligulskyi Lagocatchmentand
variousunfavourable conditioneccasionallyarisein the lagoonFor example, eutrophicatioguite
oftendeteriorateshe water qualityn the lagoon during its summer isolation from the sesultingin
the mortality of fish and other ling organisms in the lagoon.
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2. The Physiogeographical Story

2.1 Physical conditions of the lagoon and the drainage basin

The Tyligulskyi Lagoon éeeFig. 1.1) is located on the Ukrainian coast in th@rth-westernpart of
the Black Sea, 60 kilometres from tbidy of Odessa (489.3i47°05.3N, 30°57.3i 31°12.7E). The
lagoonused to bea valley of the Tyligul Riverthat was later flooded by seawater. It stretches
submeridionally frormorthrnorthwestto southsoutheastlt is 45 to 52.1 kmlong and 1 to 4.5 km
wide When the watermark in the | agoon is 10. 4
depths), the estimated volume amatersurface areare 452x10m® and170x10° n?, respectivelyln

the southern and central partse tagoon floothasseveal depressionghat aremore than 10 m deep
andthat aredivided by shallow spitéFig. 2.1).
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Figure 21iBat hymet ri c map of the Tyligul skyi | agoon in
of horizontal coordinates WG&4.
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The southerrpatt of the lagoon is deepest, with a maximum depth of 1RRazengurt (1974) and
Polischuk et al(1990) haveevenreported a depth of 21 @t a particular local poinfThe northern
and, to a certain extent, the central part ef ldgoon are relatively shaiv; the average depth of the
lagoon isthereforeless than 3 m.

The lagoon is separatdcbm the sea by an isthmus which is about 4 km wide and 7 km Tdrey
isthmusformed due to the interaction afeveralnaturaleventsincluding ocean dynamicsagomal
hydro- and lithodynanic as well aseoliantransportprocessesAccordingly, the cross profile of the
isthmus hashree landscape zones: marigelian, and lagoonalhedepositdn the eolian and, partly,
lagoonal zonevccurreddue toeolian transportof sand from thdeachesFrom the other side, some
deposits werdroughtto the back boundary during storms in the lagddre depositdivided parts of
the landscape intemall lakes and bays whiakere filled withsand over timend transfaned into
new parts of the isthmus.

An artificial canal, 2630 m wide and 015L.5 m deepwasbuilt throughthe isthmus to connect the
lagoon with the sed&ursuant to fishery purposdle canal has to be open in sprtodet young fishes

into the lagoon for fatteng. However, the canal is not always functional; sand accumulates and
constrains its useshallow (0.251.0 m deep) salt lakes, located in the dgimg areas of thésthmus
arefed with water fromthe canalFig. 2.2).

The catchment basin of the Tyligityi Lagoonhas an area d58420 knf (Fig. 23). The following
rivers flow into the lagoon: the Tyligul (catchment ar8850 km?, length 173km), the Balaichuk
(catchment area586 km? length 52 km), the Tsarega (catchment ar687km? length 46 km)

(Shvebs and Igoshir2003),andthe Khutorska (catchment are®8km?, length 19 km).In addition,
the lagoon receives surface water input fiemporary watercoursesich as gullies and ravingsm

anarea of 34&m?.

Tyligulskyi
) Liman (Lagoon)
7

Figure 227 Location oftheatrtificial channel andhe salt lakes
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Figure 2371 Catchment basin of the Tyligulskyi Lagoon.

Considerablesnow accumulatiomn the lagoon catchmerturing winter results inhigh amounts of
surface runoff duringpring; however,this isa seldom caseThe annual norm fomfiltration into
underground aquifers vari&®m 5.0 mm athe upper part of the Tyliguiver catchmento 1.5 mm at

ther i v mffow ito the lagoon. Anual groundwater inflovior the Tyligul iver catchment i2.5

mm or about 8.840° m® if the catchment area (3550 kmsee previougaragraph is taken into
account As for the Tsarega, Balaichuk and Khutorska rivers with smaller catchment areas, the
contribution of groundwater to annual runoff is less significant. For exari@groundwater inflow

for the Khutorska riveis about 1 mnonly; asthe catchmenrdrea is smalf108km?) conditions for the
aquifer drainageare unfavourableThe estimatedlong-term annualgroundwaterinflow using the
regional approach approximates to zeBue to both a watefrelated activity andinsignificant
groundwater inflow to the runoff, the rivers are frozen over during the winter and dried up during the
springandsummer low wateperiod

Depending on annual runoff and precipitation, tbeviastreanpart ofthe Tyligul river canbe dried
up during90i 240 daysper year(Passport1994) In highwater yearghis periods lasts around two
months, inmediumwater years 5 months, in lewater years 6 months, and in extreme -lwater
yearsup to eightmontts. Here, we define high-water yeams a year witlthe exceedance probéityi
of the annual runoff leghan 25%, a middlewater yeaii lessthan 75% and greater than 38, anda
low-water yeari greater than 7%. In practice, typical years are seletteom whole observational
period: the highwater year with the exceedance probability of the annual runoff equal%a g%
middle-water yeaii 50 %, the lowwater yeaii 75%, and extreme lowater yeaii 95%. Therefore,
the middlewater year can beetermined as a year with annual runoff close to a-teng mean value.
Due to increasingair temperatures within the lastvo decadesthe duration of drought periods
increased slightly.

There are 101 artificial reservoiveith a total volume of 12.093%% m® on the Tyligul iver and its
inflows; 23 reservoirswith a total volume of 3.94x£@n® are locaten the Tsaregawer, 29 with a
total volume of 2.56x10m* are located on the Balaichukver, and 4 with a total volume of
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0.57x16 m® are locatedon the Khutorska iver. Every year80% of these reservoirs dry upnd
annual fillingis necessary
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FROGRANALE

Water for househol@urposess taken fromsubterranean sourcéhe groundwater at the Tyligulskyi
Lagoon catchment ia constituent ofthe Black Sea artéan basin.Upper aquifers are fed with
atmospheric precipitatiorAs a waterproof layer is relatively deep, the Neogene sediments are fed
with atmospheric precipitation as wélliuremina et al., 2011)l'he most widespread are the aquifers

of Sarmatian sedhents. The groundwaters of th@iddle Sarmatian aquifer discharge into the river
valleys and directly into the Tyligulskyi Lagoon. The groundwasdre in the upper part of the
Tyligulskyi Lagoon drainage basisat5i 10 m,while it is 3 5 min thelarger lowerpart

Around 150 water consumersitiidraw groundwaterfrom the Tyligul iiver and the Tyligulskyi

Lagoon basinin 2011 2.93«10¢° m® were withdrawnfor householdpurposesand drinking water
supply, 0.8 x10° m® for agricultue, and 0.0%10° m® for industrial needsrespectively, totalling
3.62x16 m®. After use, he impure groundwateris discharged into the Tyliguliver without ay

treatment.

The runoff from the Tsarega and Khutorska river has been completely withdrawn for the filling of
artificial reservoirgreated in the respective catchment areas.

If annual surface inflow of fresh water from the catchment is calculated by tiengaterheat
balance approach, its loitgrm value for the Tyligulskyi Lagoon under natural (undisturbed by
econonic activity) conditions is 56.14x#0n’. From this value, 46x£0n® is the annual runoff of the
Tyligul river, 3.9x16 m*i of the Tsaregaiver, 4.1x16 m®i of the Balaichukiver, and 0.57x10m?

i of theKhutorskariver; also, input through temporaryatercourses is 1.57x3f° (Loboda, 2012).
However, observational dafiam 19532007 show that the actuannual runoff of the Tyliguliver at

the Berezivka station (near the river mouth) is 24.88xrfnly. This fact is conditioned by the large
numberof artificial reservoirs formed as a result of ground (clay) dike construction. These reservoirs,
in turn, intercept the runoff and, under the natural high evaporationk, ashuge evaporan basins

If the longterm annual runoff under natural conditiofor the small rivers is compared to the total
volumes of artificial reservoirs, it is clear that @2 o f Bal ai chukds annual ru
annual runoff of the Tsarega aKfiutorska rivers is needed fill the reservoirs. Thus the total annual
surface inflow of fresh water into the Tyligulskyi Lagoon is estimated at 28xw3,0which is1x1¢

m?® lessby than the findings dPolischuk et al(1990) for the early 198th.

The water regime othe Tyligulskyi Lagoonis determined by the volume ofater inflow from the
lagoonal catchment basin, the correlation between the amount of atmospheric precipitation on the
lagoon surface and the volume sirfaceevaporation, as well ahe water exchangéetweenthe
lagoonandthe sea through the artificiabnnecting canal.

Given the lagoonal watesurface area of 170 Kmthe annual rate for atmospheric precipitation of

450mm andanevaporatiorrateof 722 mm (water salinityof28) , t he rate of water
lagoon due to atmospheric precipitatiis estimatedo be 76.5<10° m®, evaporationlossesare

estimated tde aroundl22.%10° m*. Consequently, even inmaediumwateryear, thee is adeficit of

fresh waterinput of aroundl8.2x10° m®. Under the absence of water exchange with the sea throug

the artificial canalthis results ina 0.3 m decrease in the lagoon water level. In years with low
atmospheric precipitatiothe fresh watedeficit increases substantially.

The \ariability of the water level in the Tyligulskyi Lagoofrom 1936to 1987is given in kg. 2.4.
Measurements have been taken at the hydrometric station in Koblevo and values are given as monthly
averages. After the construction tbie artificial canain 1958, the water leat in the lagoon did not
subside below 7T1.0 m BS. I n the 1980s, the fluct
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Figure 2.4i The monthly water level (m BS) in the Tyligulskyi Lagoon for the period of 1936 through 1987.
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Figure 2571 The longterm nean monthly water levels (m BS) in the Tyligulskyi Lagoon for the period of 1936
through 1987.

Figure 2.6 showshe variability in water levein the lagoon in the modern period (since 2003)e
highest levels were observed in spring of 2003 when langeunts of water entered the lagoon as
oods;
centimetres. In March and April 2003, an intensivater flow from the lagoon into the sea through

sur face

the connecting canalias observed. Mid June, the canal was closed and the lagoon level began to
evaporation.
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Figure 26 7 Water level in the Tyligulskyi Lagoon (m BS) according to the daienfrregularobservations in
2003 2010.

The fluid dsnamics in the Tyligulskyi Lagooare verycomplex Polischuk egl., 1990; Tuchkovenko

et al.,, 2011) The currentsin the lagoonare characterized byortical formations (circulation cells)
located alonghe longitudinal axis of the lagoomhese currents aaused by the peculiarities thfe
geomorphological structure of the lagosuch asshoreline configuratiomndvariation in depthThe
coastlire of the lagoon is twistednd the floor inthe southen and central partéeaturesdeep
depressions that arseparated by shallow spits. As a result, the lagoon has no strong currents
alongshorewhich could facilitate the massansfer between its different parfhe vorticalcurrents
hinderthe distribution of watermasses alonthe lagoob s s Ihtensifieation of surface currents
occurs in the downwindriented shallow areas of the lagoon. In the deapeas of théagoonthe
surface drift currents are weakened by the benthic gradient stfeaitkbverhko et al., 2011).

During theyear, the water temperature in the lagooen vary widely. The lowest temperatures are

usually registered in January and Februéa® 3 0.2A 4 ) . In cold winters the |
ice for a period of 12 months. The dsh of the ice cover may reach 0.5 m. The waters of the
Tyligulskyi Lagoon are warmesh July and August (up to 229A u ) . Thus, in the sh

the lagoon (especially in the northern part of the lagoon) the water can warm upi®4 39
(Polischik etal., 1990).

Figure 2.7 shows the ater temperature and salinity in the coastal zone of the central part of the
lagoon. In the summer months of 200009 water temperats® f 25 Aua and higher w
Water temperatuee higher than 20\ 4 erevobserved from May through September. Ithe
exceptionallyhot August 201G water temperature of 3244 was regi st er ed. Even
September 201@he water temperature was 2254 . 6 Aw .

The cevelopment of a massive seasonal thermoclireauities of the southern and central parts of the
lagoon in depts of more than 10 m is typical durinfe summer period. Provided the water
temperature in the surface layer is 230  theitemperaturat a depth ofl4i 15m does not exceed
8i9Au (2B). Hpweveraftera summer severe storrthe seasonal thermoclimandecay and the
water mass in the lagoon mixes up to the bottom.

The water salinity in the lagoon can fluctuate betweén 8uringthe spring floodperiod to 23 i n
autumn (Fig. A). In the 1960s, when the volume of the Tyligul River runoff constituted a
considerable part of the lagoonal water balance and the water exchange with the sea was maintained,
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Figure 27 1 Water temperatureT(y, Au) an$la)salinniheg 6Gurface | ayer of
Tyligulskyi Lagoon in (a) 20072009 and (b) 2010

the average values of water salinity in the northern part of the lage@8.7a |, in the centr
11.4a , and in pabBliso (tRlberemgurt , 1974) . rodd@b aged o
through 1987, the values of water salinity in the lagoon did not change substantially and coriiprised 9

10a in the noatherbhepacenpnfidédh paet skPRdsthdket®d part
1990). Undercurrent conditions water salinity in both the southern and the northern parts of the
lagoon may increase to BBa in late summeéearly autumn. Even under the heavy spring floods in

2003, when the lagoon level rose 0.4abowe sea levelthere was nsubstantial decline in the total

salinity of the lagoonalvatersas the freshwater was limited ta neasrsurface layer ané sharp
haloclinearose preventing the vertical mixing of watefBnhe spring heating of waters contributes

the intensification of the developed pycnocline. In spite of the fact that in the spring of 2003 the
superficial layer in the southern part of the lagoon was desalinated upitg 5.5t he wat er sal i
uptol95a by | at e atyeat umn of t h
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From2007to 2009 water salinity in the central part of the lagoon fluctuated within the rangei of 16
203 ; in 2010it did notgo lower than 183 ( Fi g . 2.8). The vertical
areawith deep cavities in the central part of the lagoon in summer is characterized by relative
homogeneity (Fig. 2.9). The maximum difference between water salinity sutfece and the benthic
layers does not exceedi2.

The Black Seareasadjacent to the lagooareinfluenced by the Dnieper and the South Bug river
runoff, whosetotal discharge varies from 650°se¢ 'during August to 210am* se¢ ‘during spring
flood (Aprili May). Therefore, the salinity fea wateenteringthe lagoon through the canal @saler
than the salinity of the lagoonal waters nowaday4 @@ duringspring flood and 1516a during
low waterperiods.

2.2 Climate, natural resources and landuse
2.2.1Climate

The Tyligulskyi Lagoon catchmert in the southern climate zone of Ukraan&l is mainly located in the
steppe zone; only the upper Tyligul riverlocated in the foresteppe zoneKprotun et al., 2000)The
climate is temperatand continentalwith low rainfall, short mild wintes and long hot summerClimatic
variations can be quite extremsut the vicinity to the Black Sesmoothessummer temperatuwseand
humidity fluctuationsFigure 2.0 shows temperature and precipitation conditionsoomesitescloseto the
Tyligulskyi Lagoon catchment.
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Figure 2.0 1 Long term (19611990) meanprecipitationin the cold (P.,q, November to March) and warm
(Pwarm April to October) season as well as monthly temperatioreJanuary {o;) and July To7) for
some sitegloseto theTyligulskyi Lagoon.
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Summer (130140 days) is defined bgunny daysand high air temperatures: tdaily air temperature
during July and August exceeds/R@andthe maximum temperatureverregisteredvas38.3 A «in June

1926 Also, there are long (up to two months) dry periods without precipitation. Historical records
have registered a maximum rainfall of 103 mm per day June 1926. The dominant windsme

from north/northwest with lequencyof up to 22%. The mimber of dy days witharelative humidity

of <30% is 27 (Passport, 1994).
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Autumn is rather warm and lasts about 60 dByecipitationis low (60i 70 mm) andmainly occursin
form of drizzle. Cloudiness increaseim autumn andaround 70% of the daysin Novemberare
overcast Winds from thenorthwest, northeast, and easeé dominant anthe wind speeds higher
than in summer.

Winter (about 80 days) is defined by very changeable weather with frequent dadlwsemperatures
range from T 20 t omlftHIandary.to 1 Redbruapyesrcoldesd with temperatsire
reachingi 2 8 A wamomihly mean temperatusé T 4 . 7SAow coveroccurs orless thard0 days
during thewinter with a mean depttof 50 mm.Frost can penetrate the soil to a deptii@$0 mm
(Passport, 1994)Winter is alsacharacterizedby increasedtloudiness (up to 7% overcast days) and
low precipitation (7690 mm). Winds from the nortldominae with wind speeds reaching 15m/s.

Spring is relatively short, about 2 months, wétrapid inceasein incoming solar radiation and air
temperature Precipitation in the form of rainfall amouto 100110 mm.Winds from the south
(about 20%) and north(up to 15%) dominae.

2.2.2Natural resources

The coast of the Tyligulskyi Lagoon is distinguishexd its landscape diversitywavecut niches,
coastal benches, sandy spits ananids, shallow waters and wateeadows, reefleds, steppe areas

and woodlotsoffer favourable conditions for biological diversitfthe fora of the lagoon coast
numbers no lesthan 650 species of vascupdants,at least70 of these arelominant plant®f plant
associationgind 22 species are in the National and International Red Books. Of useful plants on the
lagoon coast, 140 are medicinal species (including 31 dominant®f(plant associations), 110
melliferous (23 D), 103 fodder (29 D), 93 food (22 D), 92 ornamental (18 D), §fawit (19D), 40

dye species (11 D); some useful plants can be gathered in an organized way.

The importance of the vegetative cover on theliglyskyi Lagoon coaststems from its
representativeness of the steppe zoneouthernUkraine, the occurrence of the plant associations
registered in the Green book of Ukraine, and the species included in various protected plant lists of
international, &ate and local importance.

The Tyligulskyi Lagoon is also characterized by a high levahohal biodiversity It is habitat for
70% of the wetland avifaun@n Ukraing and during migration nesting and winteringeriod about
300 species of birdsanbe found here Among them 26 species are registered in the Red Book of
Ukraine andhreespeciesPhalacrocorax pygmeus Palhester;Haliaeetus albicilla bird of passage,
wintering; Rufibrenta ruficollis Pall, bird of passage) in the European Red.LiBtyond the nesting
season, especially in the spring and autumn migrggt@iod more than 70 species of wag birds
dwell in the lagoonthe shallow waters and reach@ategrated Land Use of Eurasian Steppes, 2008)
The total number of birdaccountsfor 2,000 to 7,000 couples. The population of wintering birds
amounts tabout 10000, and the birds of passagabout 8000 (oieva 2011).Due to itsimportance

as a place for fattening, nesting and rest of migrant kindsTyligulskyi Liman lagoors included in
the IBA (Important Bird Areaslist and in the List of Ramsar Wetlands of Internationgddrtance as
awaterfowl habitabf international value.
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No less than 1500 species of invertebrate animals inhabit the lagoonTawasty-three speciesof
insects are listed in the Red Book of Ukraine, smd species $aga peddPallas, 1771)Zerynthia
polyxena(Denis et Schifermuller, 1775) are registered in the European RedSkigtnspecies of
amphibia,sevenspecies of reptiles, and 31 speciesmammals six of which are listed in the Red
Book of Ukraine, can be found here (Integrated Land Use of Eurasian Steppes, 2008).
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Nowadays the Tyligulskyi Lagoois one of few wetland¢hat have preservedheir natural seaside
landscapes; its ecosystatifiersunique conditions for fauna and flora, and the lagoon is of great value
for themaintenance of h e r eigogicahequdibritim

A total of 118 species of planktonic algae, 51 species of belitong vegetation, including
multicellular watefplant and flowering macrophytes, 30 species of masd macrozooplankton, 46
species of macrozoobenthos, and 3b species of fish are found in the waters of the Tyligulskyi
Lagoon (Zaitsev et al., 2006).

The fishing capacity (as well as piscifauna diver¥iof the Tyligulskyi Lagoon has always depended
on its hydrological and hydrochemical regime and, first and foremost, on the salinity of its Wmaters.
the 19308 1950s, wherthe lagoon was desalinateldie to abundant atmospheric precipitation and
strong sping floods, the catches increaseder several yearsin spring, due taising water levels
breaches ofhe isthmusoccurredoftenand the water exchange with the sessrestored Sea species

of fish (Mugilidae, Gobiidae, Pleuronectidae, Clupeidae, Aithidae etc.) were brought into the
lagoon through occasional inrushetsthe same timas freshwater fish species were taken away with
the floods from the DniprovskeBuzkyi Lagoon Abramis brama L., Rutilus rutilus L., Cyprinus
carpio L., Stizostedion ligperka L., Carassius auratus gibelio Bloch., Blicka bjorcna (L), Skardinius
erithrophthalmus Letc.) (Shekk, 2004).

Thirty-four species of saltwater and freshwater fish were registered in the lagoon in 1953.,la 1959
connecting canal to the sea wasstoucted in thasthmusof the Tyligulskyi Lagoonin order to
increase the fishing capacit@wing to this, 45 species of fish were registered in the lagoon in 1960
and 49 pecies in 1964 (Table .A). Among them 16 (32%) arebrackishwater, 14 (28.6%) salt
water and 19 (38.%) freshwater species. In 1983D60 an average of 1091.8 tomes of fish was
caught in the lagoon annually (Fig. 211 The largestcatch for the lagoon,329.6 tomes (146.9
kg/ha), was registered in 1956 (Zambriborshch, 19565)1 $owever, against all expectations, in the
subsequent years tleatches began to decline. This was due to a decrease of freshwatieatfisias
usually carriedrom the DniprovskeBuzkyi Lagoon to the mouth zone of the Tyligulskyi Lagoon.
This was a reult of the overregulation of the Dnipro River flow by a cascade of hydroelectric power
stations causing a decrease in spring flood intensity, as well as the onset of reaénipétion As a
consequence, gradual replacement of freshwater fish by sgeeciesoccured with prevailing
amounts of spfielcoi(@eddg 2004)] u e

In 1968 the canal sanded up &noim the 19704 1990s it only functioned intermittently, often with
longterm interruptions, whiclinduceda gradual growth in water salinitAs a result, in the 1980s
Acipenser stellatus Pall., Anguila anguila L., Rutilus rutilusahd eleven species of freshwater fish,
as well as previously abundant salt water species of ifisbprattus sprattus phalericus Risso
(Clupeidae)and Engraulis emrasicolus ponticus Aeks (Engraulidagyhich enteredfrom the sea,
were no longer observed in the lagoon (Polishchuk et al., 1990).

From1961to 1971, catches decreased from 877.8 to 276.1 tonnes {543%g/ha), and the fishery
was based oobiidaeand Atherina mochon pontica Eichvand since 1974 on Atherina mochon
pontica Eichwand Clupeonella cultriventris NordmErom 1976 to 1979 the average catch in the
lagoon went down to 235.5 tonnes (14.6 kg/hath1980s the predominant catches wAtbkerina

" Water witha salinity of 0.5 to 17.5
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Figure 2.1L7 Dynamics of the commercial catch of fish in the Tyligulskyi Lagoon.

mochon pontica Eichvand Stizostedion lutioperka LThe catches ranged from 105.1 to 616.0
tonnes/year, depending on the canal function,i @% kg/ha).Gobiidae Mugilidae and Platichtys
flescus Palllost their commercial value, and since 199Rerina mochon pontica Eichlaecame the
principal commercial lbject in the Tyligulskyi Lagoonyith catches at the end of the previous century
ranging between 107 and 1#hnes per year (Zaitsev et al., 2006).

At the beginning of the 2icentury the connecting canal to the sea was restored and was intermittently
openedor a number of years in spring to provide the influx of young saltwater fish from the sea into
the lagobon. Howeverfrom 2007to 2009 the canal ceased to function again and was not opened for
longer periods until 2010, when it was open from April through September. The catches of fish,
thoughincreased to 30870 tonnedrom 2009to 2011, consistingnainly, as before, of lowalue
speciesAtherinamochon pontica EichylLoieva, 2011). In the summer of 2010, owing to hazardous
weather conditions, strong thundershowdrem June to July and anomalously high water
temperaturg in July and August,a mass mortaty of fish (Gobiidae, Mugilida& occurred In some
coastal areas 20 kg of dead fish per square meterosezved

In view of the deterioration of water quality indices and the lack of necessary conditiores for
sufficient influx of young fish, mainlyMugilidae, from the sea to the lagoon for fattening, a meiie 20
30 % of the lagoad fishing potential iurrentlymade use of.

Underpresentday conditions a workable way to increase theiriglcapacity of the lagoon is through
the establishmerdf a popuation of valuable saltwater fishdglugil soiuy Basilewsky, Acipenseridae,
Platichtys flescus Palland Gobiidae could be prospective speciesfor introduction Artificial
reproduction and stocking as well as formation of-sghroducing populations amwonsideredthe
most viableways to maintain a large population size of these speltiesase ofaquaculture the
indigenous Mugilidae (Mugil cephalus L., Liza aurata Risso, L. saliens Risa)ld result in
substantial increas®f the biomass (Shekk, 2004

The Tyligulskyi Lagoon and the adjacent araee endowed with considerable recreational resources.
The unique coastal landscape, the abundance of flora and fauna in the lagoon, as well as in the
adjacent areas, contribute ttte development of sustaanb | e ( 6 gr eendé) typesafi sm
recreationafishing (see Figs. 2.12 and 2.13)
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Figure 2.2 7 Natural resources d¢fie Tyligulskyi Lagoon.

The sea side of the sandyhmusand the coastal areas of the lagoon have very attractive wide sandy
beachesShallow beaches are fouidthe coastal concavitiemd the bays, especially in the southern
part of the lagoon. In general, the lagddseaches are small in comparidorseafront baches their

width does not exceed 50 m and their heighs around).3 0.5 m.

Adjacent to the Tyligulskyi Lagoon, touriggcreation centers, campsitémtels and gasidehealth
resorts such asKoblevo, Rybakovka and Sychavkae situated. These reto specialize in
climatotherapyfrom mid-May to midSeptember (about 130 days pea) andhealth improvement
for patients with nofinfectious affections ofthe lungs and upper air passages well as
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Figure 2.B71 Natural resurces of the Tyligulskyi Lagoon.

cardiovascular diseaseb addition, other medicinal treatments and recreational possibilities are
offered such aampelotherapythe use of special diets for patients with endocrine system disorders,
sports fishing intie Black Sea and the Tyligulskyi Laggamnd sistainable tourism in the regiain
landscape parks.

Due to its balneological resourceghe Tyligulskyi Lagoon has significant potential forthe
development of recreationaind therapeuticactivities One ofthe largest deposits of minefédth
muds in the Black Sea Region is located herigh supplies amounting to 880 tonnedistributed
over an area of 280 knf.

In order to protecthe natural resourced thelagoon,two regional landscape parks wereated on its

coasts and in theater area within the limits of Odessa (3973 ha of dry land 88dl Ba of the lagoon

water arepand Mykolaiv (8195,4 Ha In addition naturereserves of local importancich as the
0Kalinovskyi 6 botittediTghl gukeskavPe( 88y ha@a) otheni t hol
0Kairovskyi 6 | andsdepNovemegk vleai( 1$5l0ydeddatednsnadr ve (
the Odessaegion, as well asthé L o we r Reaches of the Tylicadgul skyi
reserve (120 ha) in the Mykolairegion Mor eover, the O6Kosa Stril kat
national importance (394 ha, Odessa region), crediedg the period froni974to 1985,is part of

thelagopod s coast.

2.2.3Land use

The characteristic®f the soils in the catchment area of the Tylighyli Lagoonare determined bya
steppeclimate with high temperatures and losoil moisture ander hgh evaporation. The soils are
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