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Executive summary

The industrialization, irregular and unplanned urbanization and uncontrolled population increase
have affected the natural resources all around the world and in the Black Sea Region. The
conservation and sustainable management of natural resources and services and biodiversity are
very important global problems. There is an urgent need to develop efficient methods to monitor
and to determine special ecosystem types to conserve the natural balance. Many different
research studies have been applied on special ecosystem types for last decades due to their
sensitivity (Magurran, 1988, 2004; Kavgaci et al., 2007).

The presented final deliverable D5.11 is multi-aspect. Such a diversified structure of the
deliverable is determined by the nature of such monitoring object as biodiversity, its response to
climate and human impacts at the level of individual species and whole communities. Following
parts of the executive summary indicate the main scope and results of the executed casestudies
within Work Package 5 related with this Deliverable.

Monitoring of biodiversity on the example of indicator species and communities at the
Azov-Black Sea coast of Ukraine

The given results are based both on retrospective data and researches in the project framework on
more than 50 monitoring plots of the Ukrainian part of the Azov-Black Sea coast of Ukraine located
in deltas of the Danube and Dniester, at the coast of Tendrovskyi Bay of the Black Sea, Syvash,
Utliukskyi and Molochnyi Liman and on unique spits of the Azov area. The studies included about
20 indicator species and several indicator communities.

Analysis of these data, based on general EnviroGRIDS project objectives was built according to
the following scheme: drivers, their direction and extent; current state; estimation of impact on
indicator species and communities; socio-economic prognoses; possible response management
decisions (Drivers i State i Pressure i Impacti Responsible i DSPIR).

The research (monitoring) outputs within the project are structured in separate blocks depending
on an end result of the impact. It was demonstrated how the direction and force of impacts differ
for particular climate drivers. Thus, increase of temperature has a positive impact on biomass
growth and general productivity of communities. On the other hand, high summer temperatures
sharply reduce the activity of many terrestrial organisms and induce changes in wetlands quality.
The similar concerns can also be considered for air humidity, increase of precipitation. Increase of
humidity has a positive impact on vegetation communities and their productivity though inhibits the
imagoes activity and retards their development.

The climate warming favoured extension of species ranges to the north-east in inland Ukraine as
far as 400-600 km which is shown on the example of indicator species (the seathorn hawk-moth,
dice snake), and also expansion of the northern edge of the wintering area for some wader species
(avocet, dunlin, grey plover, etc.) starting from the Mediterranean area and South-Western Black
Sea coast to a chain of wetlands in the North Black Sea and Azov regions.

Increase of average monthly temperatures in the region (from 0.5 to 2.5° C in different seasons),
sharp increase of summer insolation with fluctuation of seasonal humidity and precipitation sum
demonstrate reliable correlations of earlier development and activity of insects from 2 to 8 weeks
and growth of their numbers. Positive influence of temperature increase is shown on the example
of productivity of the reed, meadow vegetation communities, most of indicator fish species.
Additionally, a negative impact of high summer temperatures on physiological activity and changes
in phenotypical structure of an indicator species Lacerta agilis are also shown in this report.
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Against a gradual degradation of such ecotone ecosystems as coastal salt marshes (because of
their drying-out) and depletion of species composition of bird dwelled in them there is increase of
runoff of large rivers of the Azov Sea Basin along with the rise of sea level. All this had led to a
partial freshening of the sea and changes in ichtyocoenoses.

Certain results were received on phenology of indicator species of plants, insects, fish and birds.
For example, there were proved trends of changes in migration characteristics of long-distance
bird migrants Anser albifrons and Philomachus pugnax. It is evident from an early start of
migration, accelerated gain of departure mass and late return from breeding grounds i as a
consequence of bird response to the warming and earlier start of suitable breeding conditions in
Arctic tundra and boreal latitudes.

Trends of temperature increase, if retain for decades, will lead to significant changes in the
structure of Afro-Eurasian migratory routes of birds, with ecological and medical-biological
consequences for humans.

Expected (prognosticated) socio-economic effects induced by changes in numbers, productivity
and phenology of particular species or communities are minutely reviewed at various taxonomical
levels and groups.

The results of the research simplify the organization of further biodiversity monitoring and give an
essential impetus for the sustainable management and anticipatory decision-making.

Each subsection of the first part of the report contains the original factual material received in the
process of monitoring of indicator species and communities.

Forest biocoenoses

Forest biocoenoses play an important regulatory and stabilizing role in the biosphere. They are a
powerful regulator of water and heat balance, regulate and maintain the gas composition of the
atmosphere, reproduce resources and preserve the environment, being as well centers of
biological diversity. The deliverable includes two case studies of forest coenoses of different type,

located in the Black Sea region. These are |  neada al l uvi al fl ocadded f
mountain forests in the Crimea, Ukraine.

~

Flooded forests( |  neada, Tur key)

Flooded (alluvial/longos) forests are one of the important ecosystems of the Earth because of
biological diversity, natural functions and financial values they have. The coverage of flooded
forests has been decreased in all around the world because of heavy anthropogenic and human
induced affects. There is a huge need to investigate these ecosystems and define their function.
As a result of this awareness, many studies of floodplain forests have been conducted for
elaborating biodiversity, function and their importance.

Selected test isweryvawable inKgrms efecbsystem diversity. The rich flora and
fauna di stribution makes Ki neada l ongos fores
(alluvial/longos) forests i n KJnteyde uaer ¢hreat aft ur a
different factors. As a result of the intensive forestry, grazing, illegal cutting, uncontrolled tourism
activities and unpredictable population growth the structure of the flooded forests in the region has

been particularly damaged. Because of this, K] neada F | o o @ dts duroounelisgt s
environments have priority for sustainable protection and management. In this project, at the first
stage, al | rel ated i nformati on about fl ora and
gathered and documented based on variety of scientific reports, published thesis and articles.
Therefore, remote sensing technology used to derive land use and land cover categories of the
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region. Temporal satellite images were used to determine land use/cover change detection in the
selected region. The results were used to analyze the role of the human induced effect in the area.

Floodplain forests in Turkey have an important role in the regional scale and knowledge of them is

crucial for management and conservationofver y ri ch and sensitive ecos:
forest is very valuable and unique, in terms of ecosystem diversity. It is one of the protected and

wildlife management areas on the Thracian Black Sea coast (2,500 ha). Increased awareness of
sensitive envi r on me n't functions and benefits has s hi
surrounding environments to the forefront of conservation science. As a result of this conservation,
documentation of sensitive ecosystems, analyze the impact of loss and degradation and
management of these region have expanded. In order to conserve the ecological balance of the

world, sensitive ecosystems such as flooded forests, wetlands and sand dunes have to be
managed, developed and conserved. In this study, the biodiversity of K g n e was$ alaborated. In
addition, a current national policy on management of biodiversity in selected region was reported

based on conservation categories. At the last stage the coverage of sensitive environment was
determined by using freely available temporal Landsat 5 TM data. Different change detection
methods were conducted to delineate land cover changes occurred in the region because of

human induced affects. The results show that a little increase in the barren and urban lands
occured i.nMaKjnnemaadpas produced within this case s
EnviroGRIDS Geoserver (http://160.75.13.13:8080/geoserver/web/).

Mountain forests (Crimea, Ukraine)

In Crimea, forests occupy 270 thousand hectares, about 10% of the region territory and are
concentrated in the mountains. In Crimea, oak forests of relatively low soil quality dominate.
However, they are on the edge of their distribution, so in environmental terms are very vulnerable.

At the same time, the role of forests of the mountain area for the environmental status of the
region, as well as the industrial south of Ukraine and all of southern Europe, is difficult to
overestimate. This is explained by the fact that they are the factor in the formation and regulation
of water balance, have a high potential of self-purification, and neutralize in the biological cycle
pollutants coming from the cross-border transfer, are the South-European Centre for Biodiversity
and the storage of the gene pool (as in contrast to the Mediterranean forests they have maostly
preserved natural state).

This case study contains the results of studies of mountain forest ecosystem, carried out in the
territory of one of the largest nature reserves in Crimea i Yalta Mountain Forest Nature Reserve,
as well as other test areas. It gives landscape and ecological characteristics of the study area,
accompanied by a series of maps of the propagation of rare species of plants and animals, and
plant communities; phytopathological situation, landscape organization, etc. (Database and maps
are shown on GeoServer TNU http://envirogrids.crimea.edu/ http://80.245.119.241/geoserver/web/.
All maps in WGS1984 projection).

Investigation of vertical and spatial structure of forest ecosystems were conducted using a variety
of field (stationary, semi stationary and expedition) and laboratory data collection, processing and
visualization of data, GIS methods (software T ENVI 4, ArcView 3.2, ArcGIS 10), remote sensing of
Earth and satellite image interpretation SPOT4, NOAA, Landsat 7-ETM, aerial images. The state
environmental policy and legal framework of biological diversity were analyzed, the structure and
content of the environmental monitoring of forest ecosystems in the mountain Crimea was shown.
There were identified the main threats to the conservation of biological diversity in forest
ecosystems of the mountain area and clear up the problem of regional management of mountain
forest areas.

Generally, the factors that determine the ecological status of the Crimean forests are:

-4 -
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A 1 ack of mMmonths, whickis rfotconduBive to natural regeneration by seeds;
A periodic massive damage of | eav e sitonsofauha, yodentsi g p |

and rabbits, as well as eating the seeds and seedlings by other animals;

A frequent fires;

A | -term gfor 2-3 ages) human impact: logging, trampling of soil, grass and undergrowth;
A high recreational and touri st | oad;

A ai r fmaihly tardugheross-border transfer).

Invasive alien species

Human-mediated introductions of invasive alien species (IAS) are increasing environmental
pressure for the Black Sea region, which need to be properly estimated and relevant management
actions should be implemented at the regional and national levels. In order to address IAS-related
issues and contribute to relevant capacity-building on the regional level, with support of
EnviroGRIDS project we collected relevant information on aquatic and terrestrial invasions in the
Black Sea Catchment area. This information is stored in relevant databases, including those
hosted by the the Regional Euro-Asian Biological Invasions Centre (REABIC), and conducted
analysis of trends in IAS introductions for selected aquatic and terrestrial ecosystems.

Information stored in this database was further used for estimation of relevant IAS-related
environmental indicators for main assessment units within the Black Sea Catchment area,
including Black Sea itself, and river basins of three main tributaries to the Black Sea i Danube,
Dnieper and Don Rivers. Specifically, in this report we are presenting our analysis of Trends of
alien species invasions, which is recognized as main |IAS-related environmental indicator for
Europe. Trends of alien species invasions were estimated for non-native fish and invertebrates for
the Black Sea (Ukrainian part), Danube, Dnieper and Don River Basins. This indicator is useful
both for assessment of the ecosystem state in regard of IAS introductions, and as indicator of the
effectiveness of preventive management options.

Our analysis of collected information on historical records of aquatic alien species indicated that
during last two decades rates of new species introductions in the Black Sea and its main tributaries
increased substantially. Increasing shipping activities, canals and aquaculture in the Black Sea and
its basin during last 2-3 decades are considered as main reasons of this drastic increase. In case if
no relevant management options implemented, new introductions of IAS are expected along with
related negative ecological and socio-economic consequences. In addition, in this report we review
some cases of terrestrial introductions.
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ABBREVIATIONS

ANOVA

ARC

AZBOS

DBR

DHMO

DN

DOS

DSl

DSPIR

GCPs

GEF

GIS

IAS

ISODATA

ITU

IUCN

KLES

MED

MFNR

ML

MSAVI

NDVI

NGOs

ODKBD

ONU

: Analysis of Variance

: Autonomous Republic of Crimea

: Azov-Black Sea Ornithological Station (Ukraine)
: Danube Biosphere Reserve

: Danube Hydrometeorological Observatory

: Digital Numbers

. Dark Object Subtraction

: Development Stability Index

: The scheme fi Bversi State | Pressurei Impacti Responsi bl eod
: Ground Control Points

: The Global Environment Facility

: Geographic Information System

: Invasive alien species

: The Iterative Self-Organizing Data Analysis Technique
. Istanbul Technical University (Turkey)

. International Union for Conservation of Nature

: Karadag Landscape Ecological Station

: Marine edge of the delta

: Mountain Forest Nature Reserve

: Maximum Likelihood

: Modified Soil Adjusted Vegetation Index

: Normalized Difference Vegetation Index

: Non-governmental organizations

: Outer delta of Kiliya Branch of the Danube

: Odessa National University named by I.I. Mechnikov (Ukraine)
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PC : Projective cover

PCA : Principle Component Analysis

PFS : Protected Fauna Species

PVI : Perpendicular Vegetation Index

RMSE : Root Mean Square Error

ROM : Regional Ornithological Monitoring

RVI : Ratio Vegetation Index

REABIC : Regional Euro-Asian Biological Invasions Centre

RwWMC : the Regional Waterbird Monitoring Service

SAVI . Soil Adjusted Vegetation Index

SPFS . Strickly Protected Fauna Species

SPSU . St. Petersburg State University (Russia)

SWOT . Strengths, Weakness, Opportunities and Threats

SZP : Stensivsko-Zhebrianski Plavni (territory in the Ukrainian Danube Delta)
™ : Thematic Mapper

TNU : Tavrida National University

TPC : Total projective cover

UISK : Karst Research Institute

UTM : Universal Transvers Mercator

WWF : World Wildlife Fund

YMFNR : Yalta Mountain Forest Nature Reserve
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Introduction

The preparation of the final deliverable D5.11 involved four partners of the EnviroGRIDS project:
AZBOS, ITU, SPSU and TNU. The work of the AZBOS collective was focused on the estimation of
changes in biodiversity under climatic and other factors, and the prognostic development of
expected ecological and socio-economical effects of these changes.

The work was based on the selected number of indicator species among higher plants (including
several key vegetation communities), insects, hydrobionts, fish (including ecological groups),
reptiles, birds and mammals, monitoring of which allowed to estimate the impact of climate and
some other anthropogenic factors mostly related to land use and water use.

Taking into account the vulnerability of ecotone communities to climate factors, for them, within the
Azov-Black Sea coast of Ukraine monitoring plots, were chosen where working programmes were
realized to study indicator species or communities. During these monitoring works there was
refined the list of indicator species, optimized the number of monitoring plots, tested methods and
set of parameters. The main parameters of monitoring constitute the number, productivity
(biomass) and population structure (including phenotypical), and phenology. A separate data block
was connected with changes in sizes and zones of habitations, integrating in GIS-formats on
geographical basis.

All the above-mentioned approaches allowed to implement, practically in the complete volume, the
foreseen monitoring research and obtain interesting data how the state of population and
communities depend on the impact of different factors. Analysis of these data, basing on general
EnviroGRIDS project objectives was built according to the following scheme: drivers, their direction
and extent; current state; estimation of impact on indicator species and communities; socio-
economic prognoses; possible response management decisions (Drivers i State i Pressure |
Impact i Responsible i DSPIR).

A part of investigations on the dynamics of the marine edge of the Danube Delta and
transformation of adjacent areas of the coast was carried out with participation of experts from the
Danube Hydrometeorological Observatory (DHMO) and Environmental Monitoring Centre of
Odesa National University (ONU), partners of EnviroGRIDS project.

Since, due to objective reasons, we could not cover the whole territory to analyze all the directions
of biodiversity changes and all the indicator species, we have used a principle of control monitoring
plots. The control plots were selected in different parts of the Azov-Black Sea Region of Ukraine
taking into account the specific characteristics of a particular indicator species and the task
formulated.

To estimate the state of ecosystems of the Azov Sea, changes in the sea productivity and
hydroecological indices we have used a system of numerous stations for taking samples along all
the seacoast instead of concentrating efforts on several plots.

In the process of fieldworks the validity of monitoring plots was estimated and, if needed,
corrections were made (ineffective plots were excluded from research or replaced with others).
The final variant of location of the monitoring plots which data laid in the ground of this deliverable
is shown in Figure.

The presented results reflected all the variety of impacts of changing climatic indices, both at the
level of particular species, indicators of direction and extent of impact, and at the level of
communities. Especially obvious were changes at the level of vegetation communities in delta
ecosystems of large and small rivers, and also in rare steppe communities and vulnerable meadow
communities.

-17 -



enviroGRIDS i FP7 European project 0® @eG6
Building Capacity for a Black Sea Catchment ez "ﬁ

a
. . . c .
Observation and Assessment supporting Sustainable Development enV1rOGRI|E

- monitoring plots

Legend

- monitoring plots

Distribution of the monitoring plots

Well-expressed changes are described for bird wintering communities. Substantial changes
happen with the Azov Sea, unique in its shallowness and high productivity. Practically in all the
situations there was analyzed the interaction of climatic and anthropogenic factors which, in most
cases, aggravated the state of species and communities. The obtained results of estimation in
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changes of biodiversity (in spite of the fact that many of them estimate only the initial stage of
trends) will be continued with analysis of various socio-economic effects of the observed changes.
This concerns not only the branches connected with use of nature resources (irreversible water
use, fishing, hunting, harvesting of vegetation resources, grazing, etc.) but also indirect
consequences for recreation and land use.

The obtained results can be essentially helpful for the development of future management-plans
for valuable nature complexes, and for the protection and reproduction of reversible nature
resources, the development of adaptation strategies to expected changes. In this respect, we see
certain perspectives for the follow-up of the initiated monitoring research. It emphasizes the
importance of EnviroGRIDS project which served as a trigger for launching several directions of
monitoring works within the Azov-Black Sea coast of Ukraine where detail investigations and
biodiversity control is still poor budgeted from governmental sources.

Understanding the importance of public, and especially decision-makers, awareness of changes in
biodiversity under the impact of different factors, in this deliverable we also elucidate the current
communication mechanisms and also the possibilities of information dissemination which were
designed or reinforced within the project.

In this final deliverable some materials are intentionally abridged in text and illustrations, since they
were explicitly represented in the previous deliverable D5.1. Fist of all, it relates to the
retrospective analysis of the previous state of biodiversity in the region and impact of different
factors, description of all the monitoring plots, schemes and parameters of monitoring. These D5.1
materials can be addressed for more details of monitoring and other specifics of its organization.
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1 Assessment of biodiversity in the Black Sea wetlands at the level of
indicator species and communities (AZBOS)

1.1 Analysis of main biodiversity drivers

1.1.1 Current situation and trends of main climate indices at the Azov-Black Sea
coast of Ukraine

In spite of ambiguity of climate predictions, developed for the Black Sea area, we can notice
certain trends of recent decades for temperature and, in lesser extent, for humidity. It is natural,
that variability range of these factors differs in details even within the region, but general trends are
similar. In whole, increase of average air temperature at coastal stations for the last 30 years
constituted 0.42-055"C per each 10 years (Hydr @000t eorol ogi ¢

Changes in climate indices are shown on the example of Bekhtery meteostation data (Kherson
region, Ukraine), located in the centre of the Azov-Black Sea coast.

To analyse dynamics of meteorological conditions the following indices were used: average
annual, average seasonal and average monthly temperatures, sums of positive temperatures,
annual and seasonal precipitation sums. To estimate the integrated influence of temperature and
humidity on indicator communities and species the hydrothermal coefficient was used.

Hydrothermal coefficient was calculated by formula:
C=10*Ref/Etef,

where: C 1 hydrothermal coefficient; Rg I annual precipitation (rainfall) sum for the temperature-
effective period (i.e. period with average diurnal temperatures 10°C and higher), mm; Etsi sum of
effective temperatures (i.e. annual sum of average diurnal temperatures equalling or exceeding
10°C).

Average annual temperature

Average annual temperature for the last 30 years has a pronounced increasing trend. Thus, in the
first decade of the considered period (1981-1990) cool years dominated, with average annual
temperature lower than long-term values (+10.6°), and two of these years -1985 and 1987 -were
extremely cool (average annual temperature was, correspondingly, +8.2° and +8.4°C).

In the second decade (1991-2000), warm years dominated (average annual temperature of warm
years slightly exceeded the average long-term norm). At the same time, average annual
temperature of the coolest years of this decade was, nevertheless, substantially higher than that in
extremely cold years of the first decade.

Over the period 2001-2011 the values of average annual temperature were, as a rule, essentially
higher than average long-term values. The exception was 2003, 2006 and 2010. Also, it should be
noted that in 2007 it was registered the highest value of average annual temperature i +12.6°C.

Analysis of temperature per seasons
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Warming trends are also well traced at the level of particular seasons (Figure 1.1.1, 1.1.2-1.1.6). At
the same time, for winter season (December-February), with average long-term temperature of
-0,3°C, it is sooner the reduction of cold seasons and growth in number of seasons close to the
norm than the noticeable increase in frequency of warm winters (Figure 1.1.1).

It should be also mentioned that in recent years (since 2010) there is not sharp but pronounced
declining trend in the average temperature of winter season.

Spring and summer have a common pattern of substantial increase in frequency of warm seasons.
With long-term values of spring temperature (March-May) +9.6° and summer (June-August) +21.8°,
the number of years with temperatures close to the norm is reducing (Figure 1.1.1.) but frequency
of warm and very warm seasons is sharply increasing.

Ratio of winter seasons Ratio of spring seasons

70

1981-1990 1991-2000 2001-2012
1981-1990 1991-2000 2001-2012

periods periods

B Lower than the norm B Within the norm B Abov e the norm

B | ower than the norm B Within the norm B Abov e the norm

Ratio of summer seasons Ratio of autumn seasons

1981-1990 1991-2000 2001-2012
periods

1981-1990 1991-2000 2001-2011

periods

® Lower than the norm B Within the norm @ Abov e the norm | | B Lower than the norm B Within the norm B Abov e the norm|

Figure 1.1.1. Trends of warming of seasons over the period 1981-2012 (by data of Bekhtery
meteostation, Kherson Region)

As for autumn seasons (September-November), it should be noted that with average long-term
values of autumn temperature +10.9° the frequency of seasons close to the norm is slightly
reducing (Figure 1.1.1.), but a particular feature of the recent period (2001-2011) is a complete
absence of seasons with the temperatures lower than the norm. It is an evidence of gradual
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accumulation of the sum of positive temperatures by the time when autumn comes, and is well
accorded with many trends in phenology and in productivity of indicator species and communities.

More detailed picture of the temperature and humidity dynamics per seasons is shown in Figures
1.1.2-1.1.6.

Precipitation

Distribution of precipitation in the region is much more variegated than temperature trends. As for
annual precipitation sum, we can state only that it considerably fluctuates between years. The
annual precipitation sums greatly differs inland and in the coastal zone.

Since a majority of the studied indicator species and their communities are located in the coastal
Zone, it is reasonable to estimate trends in changes of precipitation amount exactly for this coastal
zone.

Average value of annual precipitation sum for the observation period is 382.4 mm. Since 1981 an
obvious decreasing trend of annual precipitation sum is observed. It is well illustrated by minimum
extremum points of the curve of long-term dynamics of this index (Figure 1.1.2): in dry years (1983,
1986, 1990) the values of annual precipitation sum tend to be lower and lower. This trend of
decreasing humidity resulted in quite a severe draught of 1990-1994. During this draught period
the values of annual precipitation sum retained, mostl vy , wi t hin 2ngn7 Thé on§
exception was 1992, with 369.8 mm of precipitation.

The year 1995 initiated the extremely wet period which lasted until 2005. In this period, the annual
precipitation sum was lower than the norm only once i in 1999 (332.3 mm). Especially humid were
1997 (580.4 mm or 151.2 % of the norm) and 2004 (603.2 mm or 157.1 % of the norm).

After 2005, a relatively dry period started again. In 2006-2007 the annual precipitation sum made
up, correspondingly, 347.4 and 339.1 mm. After the wet year of 2008 (447.7 dzdg in 2009 the
annual precipitation sum dropped even lower (up to 291.4 mm).

The most remarkable for the considered 32-year period was the year 2010, which annual
precipitation sum (685.1 mm or 178.5 % of the norm) turned out to be the absolute record for the
whole observation period and 71.5 mm exceeded the previous record of 1970. It is interesting that
in 2011 the value of this index dropped until 300.1 mm, almost corresponding to the level of 2009.

It is also difficult to distinguish any pronounced trends of growth or decline of precipitation per
seasons. We can only state that a particular feature of the recent period (2001-2012) was a high
frequency of wet winters and dry summer seasons. Details of precipitation dynamics per seasons
are shown in graphs (Figure 1.1.2.-1.1.6).

Hydrothermal coefficient

Hydrothermal coefficient is an index of moisture supply in a territory during the vegetation period.
Long-term dynamics of hydrothermal coefficient, annual precipitation sum for the temperature-
effective period and annual sum of effective temperatures is shown in Figure 1.1.7.
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Figure 1.1.7. Dynamics of hydrothermal coefficient and some integral meteorological indices (in
the temperature-effective period) per years

According to the data, represented in the Figure 1.1.7, the extremely high moisture supply during
the vegetation period was in 1997 (hydrothermal coefficient 1.00), 2004 (1.13) and 2010 (0.93).
Also a very humid vegetation period was in 1982 (0.82), 1988 (0.83), 2000 (0.85) and 2008 (0.88).

An extremely low moisture supply during the vegetation period was in 1993-1994 (hydrothermal
coefficient 0.34) and 2006-2007 (hydrothermal coefficient, correspondingly, 0.38 and 0.39) and
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2011 (0.36). Quite arid temperature-effective period was also in 1984 (0.47), 1986 (0.46), 1990-
1992 (correspondingly, 0.43; 0.42; 0.43), 1999 (0.45) and 2009 (0.49).

Short comparison of climate indices for other parts of the Azov-Black Sea Region

To compare, it is presented a short analysis of climate trends in the region of Vilkovo City
(Hydrology of the Danube Delta, 2004). There is also observed a positive trend of average annual
air temperature (+1.2°C for the period from 1945 to 2003); it is especially obvious in the second
half of the period (1974-2003). The growth of average January temperature for the period 1974-
2003 was 0.9°C, and average July temperature 3.2°4.

7o
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Figure 1.1.8. Long-term changes of air temperature Figure 1.1.9. Long-term changes of annual
in Vilkovo over the period 1945-2003: 1 - maximal precipitation sum in Vilkovo over the period 1945-
annual; 2 - average monthly of July; 3- average 2002
annual; 4 - average monthly of January; 57 minimal

annual.

Also, it is revealed a slight increase of annual precipitation sum. In intra-annual dynamics of
precipitation there were following changes: precipitation amount in winter and spring has reduced
(insignificantly in summer), and in spring and autumn increased.

These temperature trends are similar for the whole Azov-Black Sea Region of Ukraine, which is
confirmed by graphs (below) for other two meteostations, located in different parts of South
Ukraine: Henichesk (Figure 1.1.10), Mariupol (Figure 1.1.11). It should be noted that we have
analyzed only coastal meteostations.
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Figure 1.1.10. Dynamics of main climate indices by the data of Henichesk meteostation
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Figure 1.1.11. Dynamics of main climate indices by the data of Mariupol meteostation

Temperature trends of particular months in the region

Temperature of June
Average temperature of June (Figure 1.1.12) turned out to be an important index to estimate
conditions for egg development of reptiles (see Chapter 1.3.5).
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Figure 1.1.12. Dynamics of June temperature in different areas in the south of Ukraine

Temperature of December and January

Temperatures of December and February were estimated by us in terms of impact of winter
temperatures on the formation of winterings of indicator species (waders) in the region. The
analysis of long-term changes in average monthly temperature of December in the region (data of
Henichesk meteostation) has revealed a gradual increasing trend, though there were fluctuations
between years (trend line in Figure 1.1.13A). This trend is the most obvious in the end of the
1990s-2000s, with a pronounced dominance of positive average monthly temperatures (Figure
1.1.13) ranging from +1 to +4°C. This period is also characterized by a substantial increase of
species diversity of wintering waders in the region (see Chapter 3.6).

At the same time, average monthly temperature of January shows wide-range fluctuations from -
6.5 to +4. 1eC wiongheomuttendp(Figure @.1.18B).e
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Figure 1.1.14. Changes in average monthly temperature of December (A) and January (B) in the
region during the 1980s-2000s (by the data of Henichesk meteostation)

Number of days (per decade) with positive air temperatures in winter months

According to direction of impact and long-term trends it coincides with dynamics of average
monthly temperatures of December and January (Figure 1.13A,B), characterizes mildness of
winters and possibility of freezing of water bodies. That is why it can be analyzed in association
with the previous factor to receive more accurate estimate. There is also traced a pronounced
long-term trend of increasing number of days with positive temperatures in December and the
same, but weak-expressed trend, 7 for January (Figure 1.14AB).

Extent of water bodies freezing

The extent of freezing of water bodies has a high impact on distribution of waterbirds including
waders (Delany et al., 1999). In severe winters, when water bodies are completely frozen, many
waders leave their wintering areas and move west and south, to the regions with milder weather
(Balllie et al., 1996). Thus, this factor, above all, limits the biodiversity of wintering waders but it is
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difficult for quantitative estimate and there are no sufficient retrospective data. That is why its
impact was estimated indirectly, through average monthly air temperatures and average air
temperatures for each 10 days (decade) along with ratio of positive and negative temperature
periods.

In monitoring periods 2010/2011 and 2011/2012 the decrease of average air temperature in
December per decade was below -3 €; when number of days with positive temperatures per
decade was less than 5 it resulted in freezing of limans, and waders left control territories. Factor
of freezing of water bodies and duration of ice cover is considered at greater length in the analysis
of structure of winter species communities in zonal and intrazonal lands.

1.1.2 Impact of hydrological factors

Changes in the climate of the Azov-Black Sea Region, temperature regime, annual precipitation
sum and its seasonal redistribution can provide a direct and indirect impact on hydroecological
indices of water bodies. Main factors, depending on the climate, are the following:

T water temperature.

I rate of water flow for river ecosystems;

I water transparency.

T wind activity,

T sea level;

I salinity;

i productivity of water communities.

Main trends in changes of hydroecological indices in the region of the Azov Sea, according to the
data(Hy dr omet or ol ogi cal,arethefdalawing: ons é, 2009)

i 1% increase of average annual water temperature for the last 50 years.

i 2.28 g/l decrease of salinity for the southern coast, and 2.67 g/l decrease for the northern coast
over the last 30 years.

I gradual growth of annual runoff of large and small rivers
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1.2 Direction and extent of impact of major drivers

Taking into account the materials of the previous Chapter we based on two obvious trends when
estimating the state of indicator species and communities under the influence of climate factors.
The first is a gradual increase of average monthly, average seasonal and average annual air
temperatures followed by the rise of sea level. The second trend is not as obvious as the
temperature trend (because of fluctuations between years) but already forms certain ecological
effects I changes in average annual humidity, increase of precipitation sum and its intra-annual
redistribution. Indirect evidence of changes in precipitation sum is changes in the normal
headwater level and salinity of end water bodies as well as dynamics of river runoff.

Increase of temperature in some cases is a purely positive factor, inducing the growth of biological
productivity of the whole ecosystem and improving the environment for many hydrobionts. At the
same time, high summer temperatur e s provoke Afaridizationo
marshes) and drying-out of shallow salt and freshwater lakes, thus limiting species diversity and
forming other, simpler, communities.

Precipitation amount and air humidity have a strong impact on habitats of many species, changing
salinity and level of water bodies (even such large as the Azov Sea), and in association with the
temperature gradient they considerably extend the range of their impact, and especially i the
impact direction.

Seasonal trends of temperatures and precipitation affect the indicator species in a various way
depending on their biological organization and ecological specialization.

Impacts of main factors (individual and integrated impact) we have shown in the flowcharts (Figure 1.2.1-
1.2.2).

For insects, increase of winter temperatures contributed to more successful survival of pre-imago
stages. It allowed for some southern species to extend their distribution range to the north. Spring,
and especially, summer temperatures have lengthened phenological summer cycle of imagos, also
provoking long-lasting presence of all insect species in the ecosystems including dangerous
agricultural pests.

As for hydrobionts, on them the two above-mentioned climate factors influence indirectly, through
water temperature and salinity on which the primary productivity of water ecosystems depends.
Changes in the primary productivity entail further changes in fattening and size of indicator fish
species.

As for reptiles, temperature and humidity have a direct impact on them, substantially changing not
only distribution but also morpho-functional characteristics of populations of the indicator species.

Temperature has also indirect impact on birds and mammals: in winter through formation of ice
cover, and in combination with precipitation amount i through formation of snow cover. The latter
considerabley reduces the forage value of aquatic and terrestrial ecosystems for a majority of their
inhabitants.

The warming of winter months, especially December, has lengthened the stay of many waterbird
species in the Azov-Black Sea Region favouring the extension of their wintering ranges and
survival success of populations. In addition to the growth of absolute temperatures we have
revealed another important factor for wintering communities 7 increase in the number of days with
positive temperatures in winter months.
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Figure 1.2.1. Impacts of temperature factor on biodivesity
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Figure 1.2.2. Impacts of humidity factor on biodiversity.

Changes in average monthly temperatures during spring and autumn start making substantial
changes in timing of migrations. Many indicator species, breeding in the region, began arriving in
reliably earlier terms (2-3 weeks earlier). And the long-distance migrants, breeding at boreal
latitudes, finish formation of their migration condition earlier and, therefore, depart earlier to the
tundra zone where the gradient of increase of summer and late-spring temperatures is higher than
in the Azov-Black Sea Region.

It should be noted the direction of impact for some air temperature-depending weather factors such
as changes of water level in the end and intermediary water bodies. It can lead to impoverishment
of bottom communities, loss of forage capacity and value for fish and birds. On the contrary,
increasing frequency of showers in summer entails a sharp inundation of temporary feeding areas,
eliminates imago stages of insects in the coastal zone, etc. The list of these factors also can be
added by wind-dr i ven ti des, for them it is traced
uneven distribution per seasons for winds of moderate and high velocity.

In a number of cases the extent of impact and, moreover, the original cause of influence of a
nature factor is difficult to estimate because of anthropogenic component. Human activities
interfere more and more in the extent and direction of impact of purely natural (climate factors). It is
the most obvious when arise some extreme values. For example, the apparent increase of
summer temperatures and prolongation of climate summer period (from +15 ® to +15° &) with
decrease of precipitation amount for the same period sharply rise human water consumption not
only for communal use but also for agriculture. It aggravates the level regime of most reservoirs,
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lakes and limans, accelerates drying-out of many valuable permanent and seasonal wetlands,
having important buffer capacities for the steppe and dry steppe zone of the Black Sea Region.

Main anthropogenic factors providing direct and indirect impacts on the indicator species and
communities are the following:

Land use. The most typical form of land use is building of hydrotechnical constructions (sluices,
dykes, irrigation canals, artesian wells). A convenient example for demonstration of impact of
various constructions on indicator species (waders) is the following man-made reservoirs: self-
flowing wells which do not freeze for a long time; biological filtration fields for sewage; discharges
of warm waters of heat stations; technological desilting work sumps with warming-up of water.
These are especially readily used as artificial wintering biotopes by the green sandpiper, black-
winged stilt (Red Data Book of Ukraine), jack snipe, kentish plover (Red Data Book of Ukraine),
and snipe.

Not less important are ploughing up of water protection strips, changes in crop rotation and
replacement of dominating crops.

Grazing, hAi-making, and fires which became more frequent because of hot summer seasons in
the vegetation period, may sharply reduce the surface area of the rarest communities of zonal
plants and almost completely eliminate habitats of rare vegetation species (feather grass, orchids,
etc.) This process can be also assisted by introduction of new consort and forage plant species.

Fish-breeding, as a form of transformation of ponds and backwaters, is most frequently a positive

factor. It increases the forage value of neighbouring wetlands for birds and mammals. On the other

part, in recent decades the fish-br eedi ng contri buted to Apolluti ol
fish species, stimulated increase in numbers of some ichtyophagous bird species which, in turn,

provide a negative impact on populations of rare indigenous species of waterbirds entered in
international and national Red Lists.

Use of nature resources. Use of nature resources provides indirect impact on the state of the
indicator species of plants, fish, birds and mammals. These are such types of activities as
commercial fishery, sport hunting and fishing, harvesting of reed and other plants (especially
medical and ethereal oil plants). Excavation of sand on accumulative formations most frequently
leads to reduction in areas of small islands and spits which are breeding grounds for rare bird
species and habitats of rare plants.

Irreversible water use is one of the most important anthropogenic factors. In the period of gradual
increase of temperature of summer months and growing requirements of agriculture it is the
irreversible water use which may bring the ecological situation in dry steppe zone of Ukraine to the
edge of the critical level.

During our monitoring researches, we have also paid attention to such biotic factors, which
provided indirect influence on numbers and distribution of indicator species and structure of
communities. These are natural population cycles of the species numbers and range dynamics
overlapping with cyclicity of climate factors; predation, competition and parasitism as well as
introduction of invasive species.

The impacts of particular factors on indicator species are highlighted in more detail in other
chapters of the deliverable.
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1.3 Estimation of the state of indicator species and communities under influence
of main factors

1.3.1 Distribution of indicator species and changes in their ranges

Insects (Class: Insecta)

The seathorn hawk-moth T Hyles hippophaes Esp.
(Sphingidae, Lepidoptera) is a unique (for hawk-moths)
example of the appearance, establishment and rapid spread
over Ukraine (actually expansion) of this Mediterranean
species, new for Ukrainian area. It is connected with two | o
reasons. The first, certainly, is a fast distribution in recent ' .«
decades, almost all over the Ukrainian territory, the sea
buckthorn (Hyppophae rhamnoides) in cultural growing and
also introduction of the silverberry (Eleagnus argentea),
which seems to be the main food plant for caterpillars of this |
species. The second reason is that almost all the hawk-
moths of our and subtropical latitudes spend winter at the . SURNE S
pupa stage in the surface layer of soil, and are extremely sensitive to a significant decrease of
temperatures during winter. Thus, winter temperature of air and, correspondingly, soil, is one of the
main limiting factors which formerly constrained representatives of Mediterranean fauna from
moving to the north. Until recently, their appearance was restricted to accidental flights of adults of
some species and other seasonal invasions. The gradual softening of winters, "blurring”" the
borders of seasons also stimulated a successful expansion of the species into temperate latitudes.
In Ukraine, this species was found for the first time in the Crimea i one specimen, captured by
Yu.P.Korshunov on 22.06.1954 in the Crimean Hunting Reserve (Derzhavets 1984). By the early
1980s, the species individuals were repeatedly captured by |.G. Plyushch, in Krasnohvardiiske
District of the Crimea, and then the seathorn hawk-moth was also detected in many other areas of
the Crimea (Efetov, Budashkin 1990). In particular, in 1984 the seathorn hawk-moth was revealed
in Kerch, in 1985 1 in the Karadah Reserve, in 1986 i in Sonyachna Dolyna, in 1987 i in
Simferopol, in 1989 1 in Chornomorske (Figure 1.3.1). As it can be seen, during that period annual
finds of the species moved to the west, from the extreme eastern point of the Crimea in 1984
(Kerch) to its extreme western point in 1989 (Tarkhankut Peninsula i Chornomorske). It is obvious
that, moving northward, the species followed the gradient of a gradually increasing winter air
temperature which is directly connected with the species adaptive capacities, while the westward
movement is connected with introduction and growing of its major food plant (in the Crimea) 1 the
silverberry.

In September 1985 in Kerch and Feodosia, in September 1987 in Planerske and in June 1986 in
Sonyachna Dolyna there was recorded a great number of the seathorn hawk-moth caterpillars.
These, and further annual finds of the species in the Crimea and further, in inland Ukraine, is an
evidence that already in that period the species completely finished its life cycle at our latitudes. In
catches there were regularly recorded already indigenous specimens and not migrants from the
Mediterranean and Balkans, opposite to the situation which probably had taken place in the 1950s.
Therefore, we can say that the climate conditions, settled on the Crimean Peninsula by the late
1980s, favoured to final establishment of the species in our fauna and did not contradict to species
adaptive capacities.
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By the mid i late 1980s the Seathorn Hawk-moth had became common throughout the all steppe
zone of Ukraine from Odesa to Donetsk and Luhansk Regions. In particular, in 1989 it was
recorded in Zaporizhzhia Region, in 1990 i Mykolaiv and Kherson Regions, in 1991 i in Odesa
Region, in 1992 i in Donetsk and Luhansk Region, and in 1993 i in Dnipropetrovsk Region. Thus,
shifting further and further to the north following the gradient of increasing air temperature and
having penetrated to the south of continental Ukraine, the species at first actively moved westward
and occupied numerous plantations of the silverberry in coastal areas and occasional plantations
of the cultural sea buckthorn. The second later wave of inland expansion went in the eastern and
north-eastern direction, and in that period the species occupied considerable areas of the
introduced silverberry in steppe regions of Donets Basin and Dnipropetrovsk Region. Moving on to
the north, the Seathorn Hawk-moth penetrated in the forest-steppe zone and in 1994 it was
discovered in Kyrovohrad Region, and in 1995 1 already in Kharkiv and Poltava Regions. At last, in
1996 the species was found in Chernihiv Region (Plyushch, Sheshurak 1997), assimilated, as a
result, two new natural zones for two years. During the northern expansion, connected with
increase of air temperature, the seathorn hawk-moth has reached the northern border of Ukraine
and further occupation of the territory of the country can be expected in the north-west direction
(the species is still not found in north-western regions). However, the distribution of the species in
this direction will be rather associated with availability of essential amount of forage plants than
with further increase of temperature.
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Figure 1.3.1. Extension of the range of the seathorn hawk-moth in Ukraine.

It should be noted that a gradual increase of air temperature had an impact also on other
representatives of hawk-moths in Ukraine. Thus, the death's-head hawk-moth (Acherontia
atropos), being a southern species (a major part of the population is located within North Africa)
though indigenous for our fauna, was a rarity 10 years ago. It is still listed in the Red Data Book in
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Ukraine but in the last 5-7 years became common and sometimes even numerous. Similar to the
seathorn hawk-moth, the main limiting factor, determining the survival rate of the species at our
latitudes, is temperature in the winter period (wintering of pupae). The factor of availability or lack
of forage plants is not actual in this case, since the death's-head hawk-moth includes almost all
species of wild and cultivated Solanaceae in its diet.

This example of correlation between the temperature and such apparent shift of the species range
to the north makes the seathorn hawk-moth a convenient monitoring object. Considering this
species as a marker species, according to its presence in a biotope (Rouwel, 1996), and
recommending its monitoring in the territory of Belarus and Ukraine we can, further, indirectly link
its expected northern expansion to a temperature factor. Using this species as an indicator
(Rouwel, 1996) and combining together indexes of temperature in a cold season, depth of solil
freezing and number of imagoes in a summer period, we will be able to estimate the relationship
between temperature dynamics in winter and fluctuation of species numbers in newly occupied
areas, and make prognosis of future changes in configuration of the species range.

Fishes (Class: Actinopterygii)
Changes in the distribution of the Prussian carp (Carassius gibelio)

A modern range of the Prussian carp in the Azov Sea has
considerably extended. A trend of decreasing salinity up
to9-10 & in average for the
since 1998, contributed to this process. In addition,
considerable freshwater discharges from canals of the
North-Crimean irrigation system desalinated some water
bodies of Eastern Syvash to 4-9 a . Such s
changes in ecological conditions of the water bodies have
lead to a wide distribution of the species in the Azov Sea,
its limans and bays. Nowadays, the Prussian carp occurs
along the all coast of the Azov Sea, in the channel of
Molochnyi Liman, in all parts of Utliukskyi Liman and in

freshened parts of Syvash.

Present distribution of the Prussian carp in water bodies of the investigated region is shown in
Figure 1.3.2. (see the picture inserted in top left corner). The Prussian carp is the most frequently
recorded during spring-summer catches, less frequently i in autumn catches. Its movement along
the coast is mass, in large concentrations. In some catches the numbers of Prussian carp
constitutes a more than half of captured fish.

Since the distribution of the Prussian carp in the region reached its maximum, its further expansion
is impossible, and we can only predict a possible increase of the species numbers if salinity trend
remains the same (see the chapter ANumber so
increases due to some reasons, we can expect that the Prussian carp will return to former borders
of its distribution range, even to the historical range (Figure 1.3.2).
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Figure 1.3.2. Distribution of the Prussian carp in water bodies of the Azov Sea during 2010-2011
and its main spawning migrations (see gewoethei nser
Prussian carpo)

Reptiles (Class: Reptilia)
Changes in distribution and range structure of the dice snake (Natrix tessellata).

Prior to the mid 20" century, according to the
available data, the northern border of the dice
snake (Natrix tessellata) distribution in Ukraine
(Tarashchuk, 1959) went approximately at 48°
N, to the south of Dnipropetrovsk (Figure 1.3.3).

In the 1960s, single encounters of some
southern species (Shcherbak, 1967) were
registered northward of their range. For
example, for the dice shake (Natrix tessellata)
the extreme northern point of registration in
Ukraine was at Ruzhin Village, Zhytomyr Region
(about 49° 45'N).

. According to other researchers, the northern
distribution border of the dice snake almost coincides with +21°C July isotherm (Kotenko at al.,
2009). The authors assume that isolated populations along the northern distribution border are of
relict character, and habitat conditions in them are determined by microclimate. According to some
authors (Kotenko at al., 2011), in Kharkiv Region (the Don River Basin) the dice snake was
recorded at the city of Zmiiv and villages of Horokhovatka and Haidary (Figure 1.3.3).
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In summer 2012 (2 Junei 8 Jul y) , in the framework of the

for a Black Sea Catchment Observation and Assessment System Supporting Sustainable

Devel opment under the 7th Framework Programme

expedition to Kharkiv Region to clarify the northern border of the dice snake distribution range in
Ukraine. During the expedition, the length of automobile route was about 470 km, and the following
areas were investigated (Figure 1.3.3):

the site where Lopan River flows into Kharkiv River (within borders of Kharkiv City)
the shore of Travenske Reservoir near Liptsy Village (Kharkiv District),
a part of the right bank of Severskyi Donets River near Eskhar Village (Chuhuiv District),

AP w DN PRE

the shore of Pechenezke Reservoir (Pechenehi District),
5. the shore of lake Liman and a part of the right bank of Severskyi Donets (Zmiiv District)

As a result it was confirmed a real existence of the population of the dice snake at the rivers
Kharkiv and Lopan within borders of Kharkiv City (N 49°59'14" E 36°13'32).

In 2011, local herpetologists (Zinenko S., Korshunov A.) recorded 1 specimen in this region.
However, it was supposed that this individual could be brought by nature lovers.

2N

Legend
WP/ vefore 19508

according to the data of our investigations

. Point of investigation

Figure 1.3.3. Distbribution of the dice snake (Natrix tessellata) in Ukraine

During our studies we revealed several specimens, both young and adult. This fact can be an
evidence of existence of a stable population in these bodies of water. By now, it is the
northernmost confirmed point of the dice snake distribution in Kharkiv Region. About 80% of
recorded specimens were melanists.

As for origin of the dice snake population, discovered within limits of Kharkiv City, it is hard to say
something reliable. It may be a relict or man-made population. Weather conditions (air temperature
+33°¢ +3%, wind) and hard possibility of banks
allow to discover the species representatives in other points. However, at least we can claim that
the Kharkiv population is viable (presence of specimens of different age), and climatic conditions
are suitable for the species existence. A final decision of this question needs further research.
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Birds (Class: Aves)
Changes in distribution of indicator species of waders in winter period

According to the published and author 6 s dat a, some wader3decpdex i es
noticeably increased the number of known wintering sites within the Black Sea region and adjacent

areas. For example, this trend is observed for the avocet, oystercatcher, grey plover, kentish
plover, dunlin, wood sandpiper, redshank, snipe, green sandpiper, jack snipe.

The example of the avocet (Recurvirostra avosetta) is a
good illustration of a gradual broadening of the winter
distribution area in the region from the south-west to the
north-east for the last 35 years (Figure 1.3.4). The main
wintering range of the avocet is located outside the Black
Sea coast (chiefly, along the Atlantic coast of Europe and
Africa and also in the Mediterranean in the territory of
Tunisia, Algeria, Greece and Turkey). In the 1970s, within '
the Black Sea Region, regular wintering of this species

were recorded only in Bulgaria (Figure 3.1.4A): on lakes

Mandra, Atanasovsko, Varna and others along the Black

Sea coast (Michev, Profirov, 2003). The avocet. Photo by Bogdan Przystupa

In the 1980s the Avocet was for the first time registered

during the winter period in Ukraine i in the Danube Delta (Zhmud,1998). In the 1990s, in Ukraine
this species was also registered in winter at Tuzlovska group of limans in Odesa Region (Zhmud,
2000) and at Feodosia Bay (South Crimea). In the 2000s, the avocet began appearing during the
winter period in Ukraine further to the north-east (Figure 3.1.4D) i in the vicinity of Odesa
(Panchenko, Formanyuk, 2007), at Eastern Syvash and in the Azov area (Molochnyi Liman,
Zaporizhzhia Region). At the same time, winter records of the avocet in the Danube Delta became
more frequent, and in 2009 it was also recorded on wintering in Romania (Annual IWC Count
Totals é).
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Figure 1.3.4A. Shifting of the border of the avocet (Recurvirosta avosetta) wintering area to the north-east in

the Black Sea Region during the 1970s.
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Figure 1.3.4B. Shifting of the border of the avocet (Recurvirosta avosetta) wintering area to the north-east in

the Black Sea Region during the 1980s
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Figure 1.3.4D. Shifting of the border of the avocet (Recurvirosta avosetta) wintering area to the north-east in
the Black Sea Region during the 2000s

Figure 1.3.4. Shifting of the border of the avocet (Recurvirosta avosetta) wintering area to the
north-east in the Black Sea Region during the 1970s-2000s.
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One of the examples of broadening the area of species winter registrations to the east for the last 2
decades is the oystercatcher (Haematopus ostralegus). Its main wintering range is located outside
the Black Sea region (along the Atlantic coast of Europe and North Africa, and in the
Mediterranean 1 mainly in Tunisia (Cramp S. & Simmons, 1983) and in Greece. In the 1990s,
there were registered first cases of wintering of some oystercatcher individuals in Bulgaria, along
its Black Sea coast (Michev, Profirov, 2003), and also at the Black Sea coast of Turkey (Figure
1.3.5). In January 1997, a wintering oystercatcher was for the first time recorded in the south-
western part of Ukraine, at Sasyk Lake (Zhmud, 2000). In the 2000s, this species repeatedly
wintered in Ukraine, in North Black Sea area along Kinburn Spit (Petrovich, Redinov, 2006) and in
the vicinity of Odesa. In winter 2005, a small flock of oystercatchers was revealed further to the
east of the region 7 in Eastern Azov area (Russia, Ciscaucasia) at the coast of Kerch Strait
(Dinkevich et al., 2005).
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11 Lake complexes Pomorie and Mandra (Bulgaria); 2 i Lake Sasyk (Ukraine); 3 i Vicinity of Odesa
(Ukraine); 4 1 Kinburn Spit (Ukraine); 51 Eastern Syvash (Ukraine); 6 i Kerch Strait, Chushka Spit (Russia);
77 Romania, details are unknown

Figure 1.3.5. Extension of the area of the oystercatcher (Haematopus ostralegus) winter records in
the Black Sea Region during the 1990s-2000s.
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1.3.2 Numbers and productivity of indicator species

Productivity of the reed Phragmites australis Trin. ex Steud

The reed productivity was estimated in several model sites. These selected model sites were
represented by mouth areas of one large river (the Danube) and several small rivers of the Azov
area (Molochnaya, Berda and Malyi Utliuh). Selected small rivers had different degree of man-
made transformation.

Ukrainian Danube Delta

The research on the condition and productivity of reedbeds was carried out from 1998 to 2012,
according to standard methods of geobotanical studies (Aleksandrova, 1961, Mirkin, 1984). In
2011-2012 the research was undertaken in the
Danube Delta through integrated landandwat er management 6. The <co
on reed-harvesting plots is provided by making transects from an outer to inner part of the island
each 500 m along the perimeter and by control mowing of vegetation in 1 m? on a route with
different ecological conditions of growing.

There are two types of the reed in the Danube Delta: Phragmites australis var. flavescens and
Phragmites australis var. gigantissima. To study the reed response to mowing we made
experimental plots amidst the reed of different types. On Novostambulskyi Island the experimental
plot is located in the reed Phragmites australis var. Gigantissima, others 1 in thickets of
Phragmites australis var. flavescens (Zhebrianska Ridge, Kubanu Island, Stensivsko-Zherbrianski
Plavni). Commercial reed harvesting is provided only on plots with the reed var. flavescens.

7 e Morphometrical indices of the reed were studied
_on experimental, control and commercial plots.
For the all observation period it was done over
780 descriptions of vegetation and 565
investigative mowings in 1 m?, over 2,800 plants
were measured, more than 9,000
morphometrical indices were taken: total weight
of vegetation in 1m? and weight of the reed,
number of reed stalks, their height and diameter,
number of the stalks blossoming or damaged by
pests, etc. Thus, in 2011-2012 there were done

: 5 » 161 control mowings with description of
vegetatlon and measurements of all p055|ble morphologlcal and other indices. The most attention
was paid to Stensivsko-Zhebrianski Plavni (SZP) where 35 mowings were done in 2011, and 16
mowings 1 in 2012 with description of vegetation, detail procession and GIS mapping. In 2012, in
addition to SZP and traditional areas of reed harvesting much attention was paid to delta islands:
Bilhorodskyi, Ochakivskyi, Kubanskyi and Kubanu (control of action of the factor) (Figure 1.3.6)
with the aim to reveal effect of fires on plavni vegetation (plavni i overflow areas in the delta).

- 44 -

fran
ntro



enviroGRIDS i FP7 European project 0® @G0

-~ , @
Building Capacity for a Black Sea Catchment ¥
g Capacity K ~ifly
Observation and Assessment supporting Sustainable Development cenviroGRIDS

l

\. Moldova® | - Ukrairie % \% ;
LY : e 5

. R L.

7

G
8

Figure 1.3.6. The model site for estimated reed i Ukrainian Danube Delta:
17 Stensivsko-Zhebrianski Plavni; islands: 2 i Bilhorodskyi; 37 Polunochne; 41 Shabosh; 51 Prorvin;
61 Ochakivskyi; 71 Kubanskyi; 8 1 Kubanu.

Effects of different factors on the reed productivity. Two types of the reed differ in a multiple
set of chromosomes and in size: average height of Phragmites australis var. Flavescens is up to
1.6-2.2 m and Phragmites australis var. Gigantissima is 3.0 to 5 m. Ecological conditions in areas
of growing of both types of the reed are almost identical. Their interpenetration is often observed.

According to mowing results almost in all reed-harvesting plots the indices of phytomass and
density were considerably higher than control indices. The diameter of plants was slightly smaller,
but such indices as height, blossoming and seed productivity were higher in reed-harvesting plots.
Perhaps, it is connected with lighting conditions of plots during spring.

In addition to lighting, the reed development in the Danube Delta is affected by winter temperature
and high temperatures in summer, especially if they are intensified by low water level in the
Danube and absence of precipitation. It results in more rapid growth of plants and transition from
the vegetation stage to blossoming and fruiting.

Climate conditions of recent years and especially of the period 2010-2012 have showed that the
climate factor is extremely important in the development of plavni vegetation and its action will be
further intensifying. A prolonged winter with quite low temperatures caused mortality of wintering
young reed sprouts and delayed vegetation start of the plants. The long cold winter and short
spring were followed by a hot summer with infrequent rains. The vegetation of plants started 2-3
weeks later than average annual terms, and the phase of reed budding started in mid-August.
Over the whole territory of the Danube Delta the reed came into a blossoming phase being much
lower in height compared to all the preceding years.

Beside the temperature, the hydrological regime in plavni and fire have also provide a considerable
impact on the reed. A high and long-lasting flood in spring delays the reed development and if the
flood is absent or short-term the reed development accelerates.

In August-September 2011 the fires, caused by a draught season, destroyed thousands of ha of
plavni vegetation. In these territories the reed development started 2-3 weeks after the fire. Before
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the beginning of December 2011, the reed had grown only to 0.3-0.5 m, and young wintering
sprouts were not formed. Vegetation of the reed, suffered from summer fires, came out from
deeper buds of roots that affected the number of stalks, their height, diameter and general
productivity. Fires affected plavni vegetation in all the delta territories but most of all on
Bilhorodskyi Island which is relatively higher than other delta islands and, because of low water
level in the Danube in 2012 and low flood which did not reach natural levees of islands and did not
penetrate in inner parts of the islands, Bilhorodskyi Island remained almost dry during all the
vegetation period of plants.

The burn-out of died off vegetation matter in winter results in increasing lighting of the plavni area
with preservation of root layer and seeds of plants. Winter fires lead to abundant growth of the
sedge Carex, the cattail Typha, the rush Scirpus and other species of plavni vegetation. The
percentage of marshy forbs increases and pyrophyte species appear which leads to general
increase in biodiversity of plavni ecosystem. A the same time the fire eliminates thickets of the grey
willow Salix cinerea L. and increases percentage of weeds on more elevated areas of levees.

The fires also result in reduction of the reed percentage in plavni vegetation, changes in the reed
indices and general decline of the reed quality. This is a consequence of increase of amounts of
nitrogenous compounds which penetrate into soil with ash. As a result, the reserves of useful raw
material of the reed are reduced: the height and diameter are the same but weight of plants is
smaller and the stalk is more fragile because of reduction of its thickness and adherity.

In ecosystems with man-made hydroregime (Stensivsko-Zhebrianski Plavni) a prolonged (more
than 3 months) maintenance of water level in early spring 25-30 cm higher than the root layer of
the reedbeds leads to mortality of young sprouts due to lack of oxygen. It brings about more
sparse growth of reedbeds with formation of monospecies populations and in the end could lead to
degradation of the reedbeds.

Characteristics of the reed development in the Danube Delta in 2007-2012

The year 2007 for the Danube Delta was characterized by a low water level, a spring flood was
absent and for 4 months the precipitation was almost absent. As a result, the reed was developed
in almost extreme conditions. Over all the delta territory it was observed the reduction of height
and diameter of the reed irrespectively of winter reed harvesting or winter fire or absence of these
factors.

The most considerable changes in the vegetation composition were on islands suffered from a
2006 winter fires and on areas of cattle grazing. First of all these are islands Ochakivskyi,
Ankudinov, Prorvin and partly Kubanskyi, Kubanu and Stambulskyi. On them, the percentage of
forbs increased 30% to 80%. In such areas the reed percentage is extremely small and in most
cases it significantly differs in height and diameter of the stalk. On islands Prorvin, Shabosh, in the
vicinity of Prymorske Village and in some parts of other islands the vegetation development went
under substantial impact of grazing pressure.

Similar to the previous year, 2008 also had a low water level. The flood was rather insignificant but
compensated by abundant rainfall. As a result, the development of plavni vegetation and, first of
all, the reed went more evently compared to 2007. In 2008 we observed only a slight increase of
the percentage of meadow vegetation among marshy complex of plavni.

In 2009 a rather unusual long-lasting summer flood was observed in the Danube Delta. Non-
embanked islands of Kiliya Danube Delta were constantly underflooded throughout the summer. It
stimulated the reed development.

In 2010 there was also a prolonged spring-summer flood in the Danube Delta. Non-embanked
islands of Kilia Danube Delta were constantly underflooded almost throughout a half-year. It
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stimulated the development of the cattail and other hygrophytes, but, to some extent, delayed the
reed development at the start of vegetation period. All this caused almost a month delay in all
phases of the reed development. In areas of extreme development (coastal sand spits) the reed
came into budding phase only in early August. The budding phase was very stretched in time, and
the reed blossoming started in most areas in late August i early September. All this factors
affected accumulation of nutrients in roots and formation of sprouts. Such a phenomenon has been
never observed before 2010.

After an unusually prolonged spring-summer flood in the Danube which we observed in 2010, the
year 2011 was very dry i plavni ecosystems were almost all the time without water. Only the areas
totally or partially embanked, where some water retained in a central, the lowest, part of the island
during almost all vegetation period, were suitable for the development of plavni vegetation. The
latter has caused a greater fluctuation in the stalk indices (height and diameter).

The moisture accumulated in plavni in 2010 was sufficient for the vegetation development in 2011.
The vegetation of plants started within average annual timing, and the budding phase started in
last days of July. This is almost 2 weeks later than average timing in the last 5-7 years but 3 weeks
earlier than in 2010.

The year 2012 in the Danube Delta was characterized by a severe prolonged winter with rather low
temperatures and ice cover on the river, and after that a short spring followed by a hot summer
already in late April-early May. The Danube flood was small and short-term with a low water level
during the most part of the year. Only short wind-driven tides and rains contributed to watering of
the lowest parts of the delta islands. All this affected development and productivity of plavni
vegetation, which reduced over all the territory of the Danube Biosphere Reserve (see Tables
1.3.17 1.3.5).

A high water level in 2010 promoted the growth of hygrophytes (Typha, Scirpus, etc.) and meadow
high grasses in levee areas of the islands composed of Calamagrostis epigeios (L.) Roth, Inula
salicina L., Mentha verticillata L. Mentha aquatica L., Euphorbia palustris L., Iris pseudacorus L.,
etc., especially in cattle grazing areas. Such a high percentage of forbs in plavni vegetation also
remained in 2011-2012 irrespectively of a small spring flood and rather hot and dry summer.

Characteristics of the reed condition in different areas. The reed development in Stensivsko-
Zhebrianski Plavni went under constant underflooding of plavni ecosystem. However, climate
characteristics of 2012 affected the reed by general reduction of all its indices (Table 1.3.1).

Table 1.3.1. Dynamics of the reed average indices on plots with permanent winter mowing in
Stensivsko-Zhebrianski Plavni over the period 2007-2012.

Indices 2007 2008 | 2009 | 2010 | 2011 | 2012 | average
Number of stalks per m* 210 226 278 247 285 207 242.2
Phytomass in m?, kg 3.150 | 2.950 3.4 3.62 | 294 | 215 3.035
Height of stalks, m 2.2 2.1 181 | 195 | 1.84 | 1.79 1.95
Diameter (average), mm 5.0 4.9 4.4 4.7 4.8 4.1 4.65

Bilhorodskyi Island is the second in size, after SZP, reed-harvesting area. Depending on climatic
conditions of a year the island is underflooded during almost all the period. On the part of
Bilhorodskyi Island from the side of Ochakivskyi Branch the cattle grazes permanently, that is why
a strip 100-150 m wide is overgrown by meadow and marshy-meadow type of vegetation with
small percentage of the reed (less than 25-40%).

Table 1.3.2. Dynamics of the reed average indices on plots with permanent winter mowing in
Bilhorodskyi Island over the period 2007-2012.

Indices | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | average |
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Number of stalks per m* 176 239 240 276 307 297 255.8
Phytomass in m?, kg 2.28 3.15 2.95 3.10 2.99 2.79 2.88
Height of stalks, m 1.65 1.6 1.77 1.65 1.77 1.5 1.66
Diameter (average), mm 4.5 4.0 3.9 4.5 4.2 3.1 4.03

On analyzing average indices of the reed on Bilhorodskyi Island (Table 1.3.2) it should be noted
that the general reed productivity is within average annual indices but it is at the expense of the
reed from the areas which are closer to the see and are flooded during wind-driven tide from the
sea. On a more elevated part of the island it is observed the reed degradation with productivity less

than 1kg/m>.

Table 1.3.3. Dynamics of the reed average indices of on plots with permanent winter mowing in

Polunochne Island over the period 2007-2012.

Indices 2007 2008 | 2009 | 2010 2011 2012 average
Number of stalks per m* 168 239 307 301 322 257.8 265.8
Phytomass in m?, kg 2.33 2.66 3.5 3.45 3.713 2.684 3.056
Height of stalks, m 1.72 1.65 1.7 1.75 191 1.59 1.72
Diameter (average), mm 4.9 4.5 4.3 4.0 5.3 3.6 4.43

Table 1.3.4. Dynamics of the reed average indices on plots with permanent winter mowing in
Shabosh Island over the period 2007-2012.

Indices 2007 | 2008 | 2009 | 2010 2011 2012 average
Number of stalks per m? 366 245 314 334 303 195 292.8
Phytomass in m?, kg 2.30 2.89 3.6 3.26 3.657 2.51 3.036
Height of stalks, m 1.6 1.7 1.67 1.65 1.72 1.7 1.67
Diameter (average), mm 4.0 3.9 4.13 3.8 4.9 4.88 4.27

On islands Polunochne and Shabosh (Table 1.3.3, 1.3.4) in 2011 the plavni areas were not
constantly underflooded because there was no a spring flood at the Danube. But the plavni
ecosystem was not as dry as in 2003-2004 and development of plavni vegetation went in
favourable conditions. In 2012 these areas already had suffered from lack of moisture which
affected reed productivity and its indices of density and height.

Island Prorvin (Table 1.3.5) is partly embanked due to formation of hydraulic fill maps and
deposition of pulp during dredging works in Prorva Branch and Zyednuvalnyi (Soedininitelny)
Canal. It very actively responses to wind-driven increase of water level, and in 2012 this fact
favoured the development of plavni vegetation and general indices of the reed which were at the
level of long-term indices. There is permanent grazing of horses and cows. Due to these two
factors the island has one the largest meadows in Ukrainian Danube Delta. The latter influences
the area of reedbeds.

Table 1.3.5. Dynamics of the reed average indices on plots with permanent winter mowing in
Prorvin Island over the period 2007-2012.

Indices 2007 2008 2009 2010 2011 2012 average
Number of stalks per m” 94 137 234 262 140 172 173.2
Phytomass in m?, kg 2.25 1.91 2.90 2.78 2.47 2.25 2.43
Height of stalks, m 1.85 1.55 1.60 1.60 1.99 1.78 1.73
Diameter (average), mm 4.2 3.9 4.5 4.6 5.6 4.6 4.57

- 48 -




enviroGRIDS i FP7 European project 0® @G0

-~ , @
Building Capacity for a Black Sea Catchment ¥
g Capacity K ~ifly
Observation and Assessment supporting Sustainable Development °envir0GRI|B

It is difficult to make more or less precise calculation of plavni productivity in 2012. However, in
SZP, knowing that the reed harvesting is made on the area of 1,404 ha and the average reed
productivity 3.04 kg/m?, we can estimate the total productivity of the reed i 42,661.6 tons. Taking
into account the surface area of water and other types of vegetation we have calculated the reed
productivity in the plavni territories without winter harvesting of the reed and it constituted 51,599.1
tons.

Therefore, general productivity of SZP is 94,260.7 tons. This value is much lower than that
calculated for 2011, and the reason of it is climate conditions of 2012.

A total area of Prorvin Island is 973 ha and plavni vegetation covers the most part of it. Almost a
third of the island is covered with bushes, vegetation of salines, salt marshes and meadows, and
the reed is almost absent there. The overall reed productivity on Prorvin Island in 2012, similar to
SZP, had lower indices that those in 2011, but it dropped only by 8.9% and made up 8,776 tons.

Mouth areas of small rivers of the Azov area

Methods. Assessment of phytomass was done in November of 2010 and 2011. Monitoring indices
were dry phytomass (in grammes), average height of sprouts (in cm), diameter of stalk (in mm)
and projective cover of thickets (in %). Assessment of dry phytomass of the reed and average
indices of height and diameter of sprouts was carried out in standard count plots 1 m? in size (1 m
~ 1 m). The spouts were mown at the height of 3-5 cm from soil surface and weighed by electronic
scales with £1 gr accuracy.

Berda River Mouth (Figure 1.3.7) is represented by continuous monodominant thickets of
Phragmites australis. The phytomass in this model site in 2010 and 2011 was identical and
constituted 162.8 hundredweight/ha for 5 mowing plots. However, compared to analogical
phytomass data, which we had obtained on a neighbouring plot in February 2006, the resources of
reed thickets decreased more than twice.

Analysis of dynamics of main climate factors (air temperature and sum of precipitation, Figure
1.1.11) for the period 2006-2010 in this region shows that in this particular case there is no
Aweat her o backgr oacredse 6f geedbed phgtdmass.pMord likely, this sharp
decrease in productivity of reed communities is connected with artificial regulation of the river
runoff (there are several storage lakes upstream). Drain of water from storage lakes during floods,
coinciding with the start of reed vegetation, essentially reduces the reed productivity. Retention of
water in storage lakes during a draught period also adds to decrease of productivity (mouth areas
are not watered). Such a situation completely levels a role of climate factors in formation of
phytomass of reed communities.
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Figure 1.3.7. The model site for estimated reed i Berda River Moutn

Decrease of phytomass of reedbeds in this area is influenced by isolation of small floodplain water
bodies from the main watercourse and their further drying up which leads to growth of general
mineralization of water and soil. Increased salt content contributes to reduction of the stalk
diameter and general height of sprouts (Nikolaevsky, 1961; 1963). Thus, in 2010 the average stalk
diameter was 5.08 mm, but in 2011 it equalled to 4.8 mm. The height of reed and indices of its
projective cover almost did not change for two years of observation and constituted 200-220 cm
and 60-80% correspondingly.

Molochnaya River Mouth (Figure 1.3.8) is represented by continuous monodominant thickets of
Phragmites australis. Contrary to the Berda River Mouth, the man-made regulation of the river
runoff is practically absent there, and main factors impacting on productivity of reedbeds are,
above all, climate factors (air temperature and amount of precipitation). Analysis of their dynamics
shows a positive trend for the last 6 years.

Thus, compared to 2010, the phytomass of reed thickets in the Molochnaya River Mouth increased
in 2011 by more than 4 hwt/ha and constituted 194.66 hwt/ha, and projective cover increased from
60-70% in 2010 to 60-80% i in 2011.

Morphometrical indices demonstrated analogical dynamics i average diameter of the stalk was
6.18 mm in 2010, and 6.36 mm in 2011. Height of sprouts increased from 250-270 cm in 2010 to
270-280 mm in 2011.

Due to minimal observation period of phytomass dynamics and morphometrical indices in this
model site it is difficult to reveal trends of reed thickets. However, in case of increasing
precipitation and air temperature we can reliably predict further growth of phytomass and
morphometrical indices of the reed.
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Figure 1.3.8. The model site for estimated reed i Molochnaya River Moutn

Lower reaches of Malyi Utliuh River (Figure 1.3.9) are represented by monodominant stripes of
Phragmites australis thickets gradually transforming in continuous massifs due to weakening of the
river flow and overgrowing of the watercourse.

Sea of Azov

Figure 1.3.9. The model site for estimated reed i Lower reaches of Malyi Utliuh River

This area was watered during a major part of vegetation period which is evident from formed air
roots in lower parts of sprouts. Dynamics of climate indices in this area is generally similar to those
in Molochnaya River Mouth (Figure 1.1.10) and they determine the reedbed dynamics. Average
phytomass in 2011 increased by 9 hwt/ha compared to 2010. The height of sprouts also increased
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from 200-220 cm in 2010 to 235-245 cm in 2011, and the stalk diameter increased from 4.7 to 5.4
mm correspondingly.

Possible decrease of precipitation in this area will lead to increasing mineralization of soil and
water which will reduce qualitative parameters of the reed, and vise versa increase of precipitation
will favour further growth of phytomass.

Number and productivity of indicator species of insects

Analysis of numbers of model species of insects and its relationship with climate parameters was
carried out basing on results of monitoring works. The monitoring works were provided from the 2"
decade of May to the 3° decade of August 2010-2012. There were estimated the relationship of
number dynamics of indicator species with air temperature and humidity during a season and per
years. Monitoring objects were the seathorn hawk-moth (census by the method of attraction to a
light source) and the Migratory Locust (census by the method of counting routes). The monitoring
was implemented on two plots (Figure 1.3.10) we t | a n &pitp | 6 6 iveka Spit of Molochnyi
Li man) and Altahyré st( Aptabhy i) . The data were col
under any weather conditions applying standard entomological methods.

Figure 1.3.10. The model sites for estimated insectsT f or est pl ot A Al tivakay
Spit of Molochnyi Liman (2).
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the seathorn hawk-moth (caterpillar) the migratory locust

As a result, it was found out that the numbers of both species during a season changed
proportionally to a trend of increasing air temperature (Figure 1.3.11-1.3.14,A) and in inverse
proportion to increase of humidity index (Figure 1.3.11-1.3.14,B).

In graphs below, the numbers of the seathorn hawk-moth is represented as the number of
individuals flown to the light source per night; the number of the locust is represented by
individuals counted per 100 m of the route (see details of the method in the project deliverable
D5.1).

To compare data of different years it was selected the sum of positive temperatures for the field
season 15.05 i 31.08 (109 days) (E t°C) as the main climate index, and average numbers of
model species for the field season as the main quantitative index (S). It was calculated according

N
to the formula S = aT , where N T for the seathorn hawk-moth is the sum of counted individuals

of the species (flown at night to the light source during season); for the locust N T is the sum of the
species individuals recorded during season, which were counted as number of ind. per 100 m of a
fixed counting route; V 1 number of samples (n= 8 for all filed seasons for both monitoring plots).
Obtained results are given in Table 1.3.6.

According to the sum of positive temperatures the warmest was the season 2010, the second
place took the season 2012 with only a bit smaller quantitative index. The season 2011 turned out
to be rather cool compared to other two seasons. However, it should be taken into account that the
population dynamics of indicator species (and generally of most insects), besides a direct effect of
temperature factor, is substantially influenced by the factor of humidity which is mostly determined
by precipitation. Their combined effect is especially noticeable in the periods preceding to
appearance of insects, and also at early stages of their development. That is why we searched for
correlation between the sum of temperatures and average indices of indicator species numbers,
taking into account humidity and amount of precipitation.

Seathorn hawk-moth i Stepanivska Spit
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Figure 1.3.11. Dynamics of numbers of the seathorn hawk-moth and air temperature (A) and air
humidity (B) on Stepanivska Spit during summer seasons 2010-2012

Seathorn hawk-moth i Altahyr Forestry
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Figure 1.3.12. Dynamics of numbers of the Seathorn Hawk-moth and air temperature (A) and air

B

humidity (B) in Altahyr Forestry during summer seasons 2010-2012

The migratory locust 1 Stepanivska Spit
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Figure 1.3.13. Dynamics of numbers of the migratory locust and air temperature (A) and air
humidity (B) on Stepanovska Spit during summer seasons 2010-2012

The migratory locust i Altahyr Forestry
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Figure 1.3.14. Dynamics of numbers of the migratory locust and air temperature (A) and air humidity
(B) in Altahyr Forestry during summer seasons 2010-2012

Table 1.3.6. Number dynamics of model species on main monitoring plots and dynamics of
temperature during the study period in 2010-2012.
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a hseakthomh 2 0.5 2.9

n awk-mot 2639.2 2510.0 2613.8

e migratory 11.8 82 12

locust ' '
On AAltahyro pl ot t hseathbrrohawksnoth wetenmeeadedsin 2010 in tsgitee of

maximal temperature indices for all seasons of observation. The reasons are prolonged showers in
the first decade of June and the first decade of July which not only delayed the species
appearance for 2-3 decades but essentially reduced its numbers until the very end of the season.
At the same time, a sharp increase of temperature in mid summer 2010 induced a rapid
emergence and growth of numbers of both seathorn hawk-moth and locust. The situation when
these two biologically different species, occupying different ecological niches and belonging to
different systematic groups, demonstrated synchronic growth of numbers in response to increase
of air temperature has confirmed the accuracy of our selection of indicator species and monitoring
direction.

The season 2011 was also not characterized by high indices of the seathorn hawk-moth numbers
due to relative coolness of the seasons (compared to others) and due to abundant showers in the
third decade in June. In spite of the fact that the showers were less intensive and less prolonged
than in 2010, the situation almost repeated i the species emergence delayed for 2-3 weeks, and
low numbers were registered throughout the season. Maximal numbers of the seathorn hawk-
moth, essentially exceeding those of 2010-2011 seasons, was recorded in the last year of
research. It was due to several key factors i an unusually early start of a warm season (3¢ decade
of April), a high sum of positive temperatures (only a bit smaller than the sum in 2010), absence of
abundant and prolonged rainfall throughout the season (and especially at early stages of insect
devel opment). Thus, on AAltahyr o pl 02012 seasorcwas
the most favourable for the seathorn hawk-moth which confirms the main hypothesis of the
research.

A trend of number dynamics of the migratory lo c u s t per seasons on th
was similar to that of the seathorn hawk-moth. The difference was that minimal numbers were
registered in a cool season of 2011. Besides, the factor influenced the species numbers in the
2011 season, similar to the seathorn hawk-moth, was precipitation in the third decade of June
which delayed the species emergence for 2 decades and induced a serious negative impact on the
locust numbers until the end of the season. In 2010, in spite of the highest sum of positive
temperatures for the season, the species humbers were also slightly higher than in 2011, also due
to abundant precipitation. The most productive for the migratorylo c ust on t h eturped
out to be the year 2012 when the species numbers 3 times exceeded those for two preceding
seasons.

On t he pl o towest Bymbersoof thehseathorn hawk-moth was recorded in the coolest
2011; they were 4 times lower than in the hottest 2010. In 2010 it was registered the average (per
years) index of numbers which is connected with abundant rainfall. Maximal numbers of the
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seathorn hawk-moth was recorded in 2012, and they 1.5 times exceeded those of 2010. As it was
mentioned above, it was due to combination of favourable weather factors.

Therefore, maximal numbers of both indicator species were registered in 2012, along with maximal
sum of positive temperatures for field season and minimal indices of humidity during key
phenophases of mentioned species. Minimal average numbers of indicator species were recorded
in a relatively cool 2011. This situation points at an extremely high correlation between the
numbers of indicator species and indices of temperature and humidity.

Emergence of model species was practically always directly connected with the first in season
considerable increase of temperature and decrease of humidity, and peak of numbers practically
always coincided with maximal index of temperature and minimal index of humidity. In this situation
we can say about a significant linear correlation between climate factors and quantitative indices of
indicator species which is confirmed by trend lines.

Analysis of changes in weather conditions of seasons 2010-2012 and responses of indicator
species has shown that climate factors can essentially shift terms of initial and final phases of
development by prolonging or reducing duration of particular stages of annual cycle.

Abrupt climate changes, besides influence on number dynamics and phenology of indicator
species, can also provoke changes in their behavior. A clear evidence of that was a mass
movement of |l arvae of first ages of the | o

cust

biotopes to sites with higher humidity which was recorded byusin 2012 on t he pl ot

In spite that during the two extremely hot seasons of 2010 and 2012 the transformation of the
locust in gregarious form did not occur, we can assume with a high probability that this intra-
population mechanism has been already launched and this may happen in the near future.

Number and productivity of indicator fish species

Number of freshwater fish species

A demonstrative example is increase in numbers of the Prussian carp in the Azov Sea. Trend of
this process is shown in Figure 1.3.15 and illustrates increase of the Prussian carp in connection
with decline of sea water salinity.

According to the field studies in 2011-2012 indices of occurrence of the Prussian carp in catches
remained relatively stable. Thus, in 2011 the species occurred in 11.43% of catches, and in 2012
this index was equal 11.3%.
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Figure 1.3.15. Occurrence of the Prussian carp in catches in water bodies of the Azov Sea

General indices of fish resources and volume of their catching in the Azov Sea

Analyzing a general dynamics of the fish yield in the Azov Sea from 1927 to 2010 it should be
noted the considerable dynamics in the volume of annual catches (Figure 1.3.16.) Maximum
catches were recorded in 1936 (275,570 tons), minimum 7 in 1993 (5,466 tons). Mean annual
catches of all the commercial fish species for this period made up 102,904 + 6,771 tons (Table
1.3.7).

A general trend of catching dynamics is a substantial decline of annual catches in the Azov Sea. A
linear trend line shows the decline of 16.6 thousand tons per year (Figure 1.3.16). Unfortunately, it
cannot illustrate a particular period in dynamics of catches. A polynomial trend line more obviously
illustrates a general trend in the catching dynamics, and makes it possible to distinguish several
major phases in a fishery history of the Azov Sea.

Table 1.3.7. Average fish catches in the Azov Sea in different periods

Species 1927-1951 | 1952-1986 | 1986-2011 | 1927-2011
Clupeonella cultriventris 49425 58202 15929 43187
Gobiidae 10050 24702 3963 14293
Engraulis encrasicolus 11504 11118 6793 9959
Liza haematocheilus - - 4534 4534
Percarina demidoffii 2047 2055 43 1723
Psetta torosoO 6 613 171 308
Atherina pontica 735 615 164 549
Psetta maeoticO 360 438 40 294
Mullus ponticus 269 438 23 224
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Species 1927-1951 | 1952-1986 | 1986-2011 | 1927-2011
Mugilidae 129 61 39 79
Dasyatis pastinaca 25 51 2.4 14
Trachurus ponticus 4 50 7.4 16
Belone euxini 0.1 20 1.7 9
Sprattus phalericus 0 0 13 13
Scomber scombrus 0 30 0 30
Merlangius euxinus 0 0 2.4 2.4
Sander lucioperca 31800 5748 1508 12163
Abramis brama 19521 3150 538 7197
Rutilus rutilus 5558 3447 209 3115
Pelecus cultratus 3006 1270 128 1444
Cyprinus carpio 1976 537 121 969
Alosa pontica 1949 348 45 738
Acipenser stellatus 1654 485 149 596
Acipenser gueldenstaedtii 482 439 326 410
Siluridae glanis 806 87 12 358
Esox luceus 188 338 104 258
Vimba vimba 471 75 5,9 215
Huso huso 299 194 1.6 176
Alburnus leobergi 80 7,5 0 62
Carassius gibelio 0 0 166 166
Ballerus ballerus 0 310 0 310
Hypophthalmichthys molitrix, aristichthys nobilis 0 0 5.7 5.7
Total 147588 118113 34438 102171

The years 1927-1951 (1% period of intensification of fishery) are characterized by a significant
increase in volume of catches at the expense of implementation of new methods and catching
tools. However, because the breakdown of catching during the World War Il there is no complete
picture of fishery dynamics for this period. Averagely, for the period, the fish catches in the Azov
Sea were maximum and made up 147,588 tons (Table 1.3.7).

The second period is connected with cardinal changes in the Azov Sea basin. Construction of
Tsimliansk Hydrostaton in 1956 and after that the regulation in the Kuban River have twice
reduced freshwater discharge into the sea (Hyd
1986) is characterized by great instability of commercial catches. Thus, the polynomial trendline
demonstrates considerable fluctuations in annual catches of commercial fish species, averagely
118¢é113 t oh37).(nTha préceding period the anadromous fish constituted a major part
of general catches in the Azov Sea but the regulation of the river runoff contributed to isolation of
most spawning areas.

The third period (1987-2010) was characterized by the decline of commercial catches in several
times. The polynomial trend line demonstrates the second drop in catches (Figure 1.3.16). Indices
of overall annual catches of fish in the Azov Sea in this period, averagely, were only 34,179 tons
(Table 1.3.7).
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Figure 1.3.16. Long-term dynamics of commercial fish catches in the Azov Sea

Such low volume of fish catches in the sea is connected with a number of reasons, major of them
are considered to be a negative impact of jellyfish organisms, appeared in the Azov Sea due to
increasing salinity, on pelagic fish species (European anchovy and Azov Sea sprat), which are
basic for commercial catches in the Azov Sea (Chashchin et al., 2011). Other main reason for the
reduction of catches also was decline in works on artificial fish-breeding and flourishing of illegal
fishery (poaching) (Statisitcs, 2000, Mezherin, 2008). However, it should be noted a certain trend
of recent years (2008-2011) of increasing the overall volume of fish catches in the Azov Sea. Such
an increase is, first of all, connected with a considerable growth in reserves of main commercial
species i Azov Sea sprat, European anchovy and gobies.

To understand general long-term trends it is important to compare the volume of yield for different
ecological fish groups. The Azov Sea is characterized by catches of both freshwater and marine
fish species. Traditionally, the first group includes typical freshwater fish species which periodically
come into the sea (the Prussian carp, silver carp, common carp, wels catfish), and anadromous
and semi-anadromous species (starry sturgeon and other sturgeons, beluga, freshwater bream,
pike-perch, sichel). The marine fish species include typical inhabitants of the Azov Sea (Azov Sea
sprat, European anchovy, round goby, the Azov Sea turbot) and those, coming from the Black Sea
(red mullet, whiting, Atlantic mackerel, European sprat, Black Sea turbot, etc.) Since 1992, the
commercial species have added the So-iuy mullet, acclimatized in the Azov-Black Sea basin,
which occupied a certain place in the overall aquatic commercial yield.
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Analyzing the dynamics of commercial catches for freshwater and marine fish species it should be
noted that the latter dominate in the Azov Sea (Figure 1.3.17).
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Figure 1.3.17. Dynamics of catches of freshwater and marine fish species in the Azov Sea

Averagely, the Sea of Azov is characterized by dominance of marine species in catches, though
periodically the percentage of freshwater fish species was considerable. For the latter, the peak of
catches was in 1936, with indices of 152,420 tons/year. The least indices are in the present period. In
2007 there was recorded the minimal yield of freshwater fish species for all the history of official fishery
T 138 tons.

Analysing long-term dynamics of catches, it should be noted a gradual decline of the yield. The
greatest breakdown was in 1937-1938. We assume that it was caused by overcatching of the valuable
commercial fish species such as the pike-perch, sturgeon species, freshwater bream, etc. in 1936.

Other Clupeonelle

freshwater- cultriventris

13% 35%

Other marine
1%

Gobiidae
7%

Engraulis
encrasicolus
8% Sander
Abramis lucioperca
brama 22%
14%

- 63 -



enviroGRIDS 1 FP7 European project

Building Capacity for a Black Sea Catchment

Observation and Assessment supporting Sustainable Development

86@00
20~
“enviroGRIDS

Other freshwatel
8%

Clupeonelle
Other marine
1%

Rutilus rutilus
3%

Gobiidae
22%

Engraulis

encrasicolus Sander lucioperc

10% 5%

Other freshwatel Clupeonelle
5% cultriventris
46%

Other marine
1%

Liza haematocheilt
13%

Gobiidae

11% Engraulis

Sander lucioperc
4%

Figure 1.3.18. Ratio of major commercial fish species
in catches in the Azov Sea per periods:

17 1927-1951, 27 1952-1986, 31 1986-2011.

Further gradual reduction in the volume of
fish catches was caused by the regulation
of freshwater spawning areas and sharp
decline in numbers of freshwater fish
species. Some artificial reproduction of
valuable freshwater fish species allowed
to maintain catches of this group at the
level of 10-20 thousand tons. Nowadays,
it should be noted that absence of the
artificial  reproduction  system, weak
efficiency of fishery management and
poaching did not give a chance to restore
populations of such valuable species as
sturgeons, freshwater bream, pike-perch,
etc.

Marine fish species are characterized by
considerable fluctuations of annual
catches. A major reason of such
fluctuations is changes in spawning and
fattening conditions  along  with
overcatching of some fish species. The
lowest yield of marine fish species was
recorded in 1990 1 2,144 tons (Figure
1.3.17).

Comparison of species diversity of main
commercial species is a good illustration
for changes in the structure of
commercial ichthyofauna of the Azov

Sea. In all the periods, 4-5 species constituted circa 75% of yield being a base of the commercial

fishery (Figure 1.3.18).

Thus, the first period was characterized by dominance of the Azov Sea sprat, pike-perch,
freshwater bream, Azov type of European anchovy (Figure 1.3.18). They constituted 79% of yield,
and there was no dominance of one particular species in the catches. In general, it should be
noted that this period is characterized by a big list of freshwater and marine species which had

rather high indices of annual yield.

The second period was characterized by a considerable dominance of the Azov Sea sprat (51%)
and gobies (22%). Catches of the pike-perch and freshwater bream significantly reduced (Figure

1.3.18)

The present period is characterized by a considerable dominance of the Azov Sea sprat (45%).
The number of the anchovy is restoring. The the So-iuy mullet i an acclimatized species from the
Far East i started playing an important role in the structure in marine ichthyofauna. In 1992 it was
included in the list of commercial species, and its catches in some years exceed 10,000 tons.

Numbers of the European mink (Mustela lutreola L.) in the Dniester Delta and

characteristics of the species dynamics
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Numbers of the European mink in the Dniester
Delta was estimated during monitoring works in
5 plots with a total size of 7.5 km?, in October-
November and January-March of 2010-2011
and in January 2012. Periodicity of investigation
for each plot was 5 to 10 days in winter and 10-
30 days in autumn, the numbers was estimated
as the number of individuals per 10 km of the
riverbank or lake shore, and as average
numbers per 10 km? of overflow (plavni)
biotopes.

The European mink is an indigenous inhabitant
of the delta and forms there an isolated core
area, which allowed distinguishing it as a
A typical biotope of the European mink separate subspecies i ATransi |l vani ar

(Mustela lutreola transilvanika). Its numbers in
the 1950s-1960s made up 4-5 thouthand individuals (Abelentsev, 1968). The second half of the
20" century was characterized by low (not more than 2,000 ind.) but stable numbers of the species
and relatively small human pressure. The highest numbers of minks in that period were recorded in
some weak-developed parts of the delta. The last decades of the 20™ century were crucial for the
mink in the Dniester Delta; two factors provoked a drastic decrease in the species numbers:
regulation of the Dniester runoff by two hydropower stations (substantial draining of inner
floodplain lakes) and increased demand for fur. In that period the total numbers of the European
mink in the Lower Dniester constituted 100 ind. (Volokh, Rozhenko, 1994). By the end of the 20™
century the numbers had dropped to a critical point and the species was about to extinct
(Rozhenko, 1999, 2006). A basic reason was destruction of habitats by draining a considerable
part of plavni (overflow lands in the delta) (Volokh, 2004).

Over the period from 2000 to 2005 we

registered only single individuals and some g g K

traces of activity of the European mink in the s 7 \

Dniester plavni (Figure 1.3.19) 13 e g \

Since 2007, basing on increased records of Eg ; \ /

alive animals instead of dead, we can "E £ 2 L

suppose a trend of numbers stabilization g~ S \-:._r/

with a slight increase. In 2008, the numbers § N 'QQ Iéo '\Q '.\\ '\q,
> P P P

of the European mink amounted to circa 70 \QQ’Q \q@ \059 «05’? o
ind. (Volokh, Rozhenko, 2009). Precise
reasons are not ascertained, but supposedly
the growth of the European mink numbers
(Figure 1.3.20) could be provoked by
changes in hydrochemical composition of
water discharge in the Dniester and
optimization of the food base (frogs, molluscs, etc.) in the ecosystem. The latter could be
connected with global changes of abiotic (climate) factors.

Year

Figure 1.3.19. Density dynamics of the European
mink since 1980
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Figure 1.3.20. Distribution of the European mink in the Dniester Delta.

2011-2012 continue a trend of gradual growth of the European mink number, and it can be
distinguished the most valuable biotopes where restoration of the population is ongoing.
Availability of non-freezing parts of the river, channels and floodplain lakes provide a positive
impact on survival of minks and improvement of their food base which, together with general
warming of winter temperatures, can maintain positive trends of the mink numbers. At the same
time, increase of summer temperatures and reduction of the river runoff, added by functioning of
hydrotechnical constructions at the Dniester, have lead to substantial draining of vast areas of
floodplain lakes and channels. As a consequence, the minks had to concentrate in the most
watered and hard-to-access sites. These contrary-directed factors will determine further
development of the situation with the mink numbers, which is still hardly to predict because of
unclear climatic trends.
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1.3.3 Phenology of annual life cycles of indicator species

Changes in timing of development of plants in terms of climatic characteristics of the year

Impact of climate changes on plant phenophases was studied in the Ukrainian part of the Danube
Delta (Danube Biosphere Reserve i DBR). The duration and start of phenophases in plants of the
Kilia Danube Delta, except climate conditions, is influenced by timing of start and end of flood, its
height and duration, relief and characteristics of ecotopes. In general, the start of vegetation
season for the majority of plant species on a major territory of DBR is observed from early
February to mid-April, and for the spits, which are subject to the action of sea waves, it starts at the
end of April T May, after finishing a period of heavy storms.

A phenological characteristic of plants in the territory of DBR is a big time interval (two weeks and
more) between the dates of vegetation period in its northern section i Zhebrianska Ridge, dams of
Yermakov Island and Stentsivsko-Zhebrianski Plavni, and in the southern (coastal) section. This is
due to the microclimate created under the influence of the sea and the Danube waterway. In
plants, developing after mid April i May, there are almost no differences in timing of phenophases
in different parts of the delta.

Phenology of aquatic plants depends on water temperature, which in turn depends on the climatic
characteristics of the year, and on the depth and flow of the water body. A particular feature of
some hydrophytes is a significant difference in timing of their development in water and in
periodically flooded areas. Thus, Mentha aquatica when being in water begins its development in
February, and in the periodically flooded areas chiefly only in March-April (during flood). On the
contrary, the reed Phragmites australis starts its vegetation period on well-warmed ground areas 2-
3 weeks earlier than in water bodies.

A warm autumn period, observed in recent years, promotes secondary vegetation of plants. In
addition to the reed Phragmites australis, in a warm late autumn period it is observed secondary
vegetation of other airborne-aquatic species of plants (Typha angustifolia, T. latifolia, Iris
pseudacorus, Sparganium erectum, etc.). However, in case of short-term light frosts their above-
water parts dye off.

A bloom phase of plants in the Kiliya Danube Delta is long-continued which is determined by both
prolonged period of positive temperatures and general climate warming observing in the last 10-15
years.

The most numerous are groups of species blooming in MAi-June and in August-September-
October. The second peak of mass bloom of species is connected with secondary bloom of many
ephemers and ephemeroids, which development is observed after the period of rains which are the
most abundant in the second half of August-September. And in the last 3 years these groups of
species were added with some tree-shrub species: Amorpha fruticosa, Tamarix ramosissima,
Robinia pseudoacacia and other species including fruit trees.

Due to a dry summer period in 2011-2012, with high temperatures, the bloom of some species
such as Leucanthemella serotina, Mentha verticillata and Mentha aquatica L., Tripolium vulgare,
Taraxacum bessarabicum started in September and lasted until November. And Dianthus
bessarabicus starts blooming in June and finishes it, in case of a warm autumn, in November-
December.

In recent years it is difficult to determine a precise trend of changes in timing of vegetation
development because of unpredictable hydrological factor. The most sensitive species are orchids.
There 4 species of them in the Danube Biosphere Reserve: Orchis palustris, Epipactis palustris,
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Epipactis heleborine and Dactilorhyza majalis. The most complete information, with retrospective
data, is collected for Orchis palustris (from 1997 to 2012). This species grows over quite an
extensive area in depressions of sand ridges. The table below shows the phenodates of the start
of bloom for the indicator species Orchis palustris, conditions of its growing and other climatic and
hydrological characteristics of vegetation periods from 1997 to 2012.

Table 1.3.8. Phenology of bloom of Orchis palustris and its connection with climatic and
hydrological indices.

Year Start of Conditions and density of River hydrological Climatic periods of
bloom growing regime seasons
spring/summer

1997 |28.05 Long-lasting small Higher than average, |Spring: 22.02-26.04
underflooding, with long-lasting spring |[Summer:  27.04 i
density 5-7 plants/mz2 , flood 15.11
max. 40 plants/m?

1998 |5.06 Dry; density 1-4 plants/m?, |Lower than average |Spring:09.02-02.04
max. 23 plants/m? Summer: 03.04 -27.10

1999 |27.06-18.07 |Long-lasting and high High, with long-lasting |Spring: 21.02-25.04
underflooding; spring flood Summer: 26.04 -15.10
density 3-8 plants/mz,
max. 31 plants/m2

2000 |[2.05 Dry; density 1-3 plants/m2, |Average, with long- Spring:27.02-04.04
max. 18 plants/m? lasting summer flood |Summer: 05.04-21.11

2001 |5.06 Dry; density 1-2 plants/m?, |Lower than average, |Spring:05.02-4.04
max. 4 plants/m?2 with small flood Summer: 05.04-23.10

2002 |28.05 Dry; density 1-2 plants/10mz2|Lower than average, |Spring: 18.01-15.04

with small flood Summer: 16.04-27.10

2003 [11.06; Dry; density 1-3 Low, with small flood in|Spring: 03.03-19.04

blooming up |plants/per 100 mz early February Summer:20.04-04.11
to 2 weeks |in wet sites max. 3 plants/m?

2004 16.05 Sufficient moisture; Average, with flood in |Spring:08.03-05.04
density 1-7 plants/mz, April-May Summer:06.04-03.11
max. 18 plants/m?

2005 |[19.05 Good moisture; Higher than average, |Spring:12.03-09.04
density 1-7 plants/m? , max. |with long-lasting flood |[Summer:10.04-27.10
21 plants/m?

2006 [26.05; long- |Long-lasting and high High, with long-lasting |Spring:10.03-11.04

lasting bloom |underflooding; 3.5 months flood Summer:12.04-15.10
density 3-8 plants/mz2 ,
max. 37 plants/m?2
2007 |12.05; short |Dry; density 1-2 plants/m2, |Low, with small flood in|Spring:26.02-01.04
period of max. 14 plants/mz late March Summer:02.04-29.10
bloom

2008 |[13.05 Moisture of soil due to rains;|Lower than average, |Spring:19.02-10.04
density 3-4 plants/m? with small flood in April [Summer:11.04-07.11

2009 |04.05 Permanent and prolonged |Higher than average, |Spring:28.02-23.04

moisture of soil.

bloomO2 mont hs.
density 3-5 plants/mz2 ,

max. 32 plants/m?2

with 1 month flood

Summer:24.04-28.10
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Year Start of Conditions and density of River hydrological Climatic periods of
bloom growing regime seasons
spring/summer

2010 (14.05 Permanent and prolonged |High, with long-lasting |Spring:11.02-13.04
moisture of soil; 7 months flood Summer:14.04-21.11
bloom O 2 .mbnths.
density 5-8 plants/mz2 ,
max. 20 plants/m?

2011 |17.05 Small moisture Low, with flood in Spring:12.03-16.04
density 7-10 plants/mz2 , January Summer:17.04-23.10
max. 28 plants/m?2

2012 |28.06; bloom |Very dry. The species was |Very low, practically  |Spring:10.03-12.04

upto 2 absent in some sites; without flood. Summer: 13.04-29.10
weeks density 1-2 plants/per 100m3Abundant rainfall since |Since 28.04t0 20 U
in moistured sites 20.05, lasted 9 days
max. 4 plants/m?

In the above-mentioned period of studies the year 1999 greatly differs from the previous years to
the orchids. In 1999 the Danube water level for three months remained at almost a critical level,
and in some days even exceeded critical values. It affected the development of plants in the delta,
especially in depressions which were flooded for a prolonged period.

The vegetation period of orchids in 1999 turned out to be very stretched and shifted to summer
season. Thus, in 1996-1998 the bloom of Orchis palustris started since the second decade of May
and ended in the first dates of July with the bloom peak in the third decade of May i fist half of
June, and in 1999 the bloom was recorded only since 27 May and ended in the second half of
July. Maximum bloom was in the second half of June. After 1999 only some phenophases and
density of growing were registered. However, having data of the Danube water level at Vilkovo and
climatic indices of spring/summer we made an attempt to analyse the effect of these factors on the
condition of Orchis palustris.

Results of monitoring and ecological reconstruction of integrated impact of factors have shown that
only timing of summer start (see Figure 1.3.21) had a weak correlation (+ 0.3) with timing of start of
bloom of this indicator species. At the same time, the start of summer period has a weakly-
pronounced trend of shifting to earlier dates, contrary to the timing of the beginning of spring.
Absolute values of temperature have little impact on bloom phenophase. It is the water regime of
a particular season which is a determining factor in orchids development in the Danube Delta. In
years with low water level and in dry years it is observed a general decline in orchids density and
reduction of their bloom period. A high water level during spring-summer flood leads to increase of
vegetation period and shift of bloom to summer season.
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Figure 1.3.21. Blooming phenology of Orchis palustris and its relationship with climate (A) and
hydrological (B) indices.

In dry years the orchids development goes predominantly in the deepest parts of depressions, and
in over-moistured seasons i on the most elevated parts of their habitats. The highest density of the
species was recorded in years following the year of maximum water level in the Danube which was
observed in 1999, 2006 and 2010 (see Table 1.3.8).

Such substantial fluctuations in orchid numbers in the same places in subsequent years are
possible only if there are si gni fi cant reserves of Ador mant O
peculiarities of orchids onthogenesis, they need many years to reach generative maturity. This is a

very interesting phenomenon from the biological and ecological points of view.

Phenological indices of the European anchovy

The timing of migration of the European anchovy (Engraulis encrasicolus) from the Azov Sea to
the Black Sea, across Kerch Strait, was selected as an indicator phenological index. The analysis
has shown that for the period 1930-1977 the timing of migration shifted to later dates. It is caused
by increase of water temperature and therefore a longer stay of the species in the Azov Sea during
fattening (Figure 1.3.22.)

This trend had remained until the early 1970s. For that period, the behaviour of the anchovy
population was directly or indirectly associated with water temperature (Figure 1.3.23). The start of
migration was connected with two important factors: fat accumulation rate and air temperature.
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Figure 1.3.22. Dynamics of timing of migration of the European anchovy in Kerch Strait of the
Azov Sea

Since the early 1980s, this trend has

; . changed due to a high feeding competition
USMpSRALLIrS Feeding base between the anchovy and the comb jelly

\ / (Mnemiopsis  leidyi). Lack of feeding

: resources has led to a considerable decline
Metabolism .
of population of the anchovy nurr_lbers. As a result, since
X the early 1980s in the Azov Sea the
concentrations of the anchovy have not been
recorded, they do not form flocks or active
shoals in Kerch Strait. Thus, the comb fish
has crucially affected the situation in the

\
Behaviour
of population

Figure 1.3.23. A scheme of influence of Azov Sea. Only 2010 brought an increasing
temperature and feeding base on biology of the ~ trend of the anchovy numbers in the Azov
anchovy until the late 1970s. Sea. Most of experts predict further increase

of the anchovy in the sea due to the

improvement of the feeding base. In addition,

a gradual increase of sea water temperature
may lead to a longer fattening of the anchovy in the Azov Sea.

Changes in phenology of insects

During monitoring of indicator species, the changes in phenology of other species were also
recorded. In this respect, 2012 was a demonstrative year. It was characterized by an unusually
early start of a very warm season, since the last decade of April. Terms of imago emergence for a
majority of night Macrolepidoptera, observed for all the three years of research (during counts of
the hawk-moth Hyles hippophaes Esp. (Sphingidae, Lepidoptera)), in 2012 were ahead of normal
time at least 14-16 days. Some representatives of this group demonstrated even more substantial
time advance. Thus, emergence of the light crimson underwing Catocala promissa (Noctuidae;
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Lepidoptera) in one of the monitoring plots was recorded 21.06.2012, while usually it is the second
part of July i August. Similar results showed other representatives of this genus. Thus, imagoes of
C. nupta and C. Elocata in 2012 emerged in early July, 14-20 days ahead of usual terms.

In addition to the early start of a 2012 warm season, the warm and dry weather was staying for

long, until mid October. The effects could be easily seen for the underwing moths (large and bright

moths, easy to observe) i their flying forms had been recorded until the second decade of
October, almost 2-3 weeks longer than usually. In unusually early and hot summer the underwing

moths, besides phenology changes, also demonstrated in other regions an abnormal diurnal
activity and behaviour. According to A.Sviridov, a senior scientist of Moscow State University
Zool ogi cal Museum and entomologist (cited by: M
night moths T A under wi nigunusallyloscorred in daytime, and demonstrated untypical
behaviour: did not hide in thickets but appeared in crowded places and sat straight on the way of
pedestrianso. The author suggests these behavi ol
temperatures and absence of precipitation. In Russia, serious phenology changes were also
recorded for Rhopalocera. Thus, at the Urals in late May was registered the mass emergence of

Aporia crataegi (Pieridae; Lepidoptera), which is an agricultural pest. Such timing of this species
appearance in the region is almost 1 month earlier than usual. Similar situation was observed in

Tomsk Region. There, in the region of Kolarovo-Vershinino, July 6-7, the large concentrations of

these butterflies were registered. Local experts assume that the reason of this phenomenon is an

early and unusually hot summer.

These examples give an additional confirmation that phenological responses include not only a
shift of insect development at the start of the season to earlier terms but further changes in
phenology. Thus, phenophases, connected with the end of seasonal development, on the contrary,
usually shift to later dates. It leads to prolongation of a period of active development, including that
for pests, which can provide extremely negative socio-economic effects.

Phenology of annual life cycles of the sand lizard (Lacerta agilis)

Biological features (diurnal activity) of the sand lizard in the south of Ukraine were studied in 2012.

It was found out that the duration of dAi-time activity depends on a season and seasonal
temperature fluctuations. First specimens appear after winter hibernation in late March i early
April. However, a constant activity was observed since mid April. In spring at + 14°% ai r
temperature, active lizards were seen on the surface. The highest activity was recorded in MAi-mid
June. When heat season comes in the second half of June i August with +35% é + P4 ai r
temperature in the shadow, only single individuals could be seen on the surface. Supposedly, a
majority of adult and half-adult lizards fall into summer hibernation because of critical for the
species air temperatures (Figure 1.3.24; 1.3.25).

The diagrams show than for the last 12 years the duration of activity of the sand lizard in spring
and autumn remained almost unchanged. In summer months the reduction of activity is recorded
due to increase of dAi-time pause, which is supposedly explained by high day-time temperatures.

Hours of the day
Month | 7 [ 8 ] 9 [ 10 [ 11 |12 [ 13 |14 [ 15[ 16 | 17 [ 18 [ 19 [ 20 [ 21

Y%
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Figure 1.3.24. Diurnal activity of the sand lizard in the south of Zaporizhzhia Region in 2012.

Hours of the day
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Figure 1.3.25. Diurnal activity of the sand lizard in the south of Zaporizhzhia Region in 2000.

In addition, an earlier emergence of young lizards was recorded in 2012. Thus, underyearlings of
the sand lizard (Lacerta agilis) were recorded 6.07.2012 on the shore, near Lyman Lake (Zmiivka
District, Kharkiv Region).

Such terms of appearance of young lizards are 2-3 weeks different to those registered on
Molochnyi Liman (Zaporizhzhia Region) in the late 1990s.

Climate impact on phenology of seasonal migrations of birds

The bird species are conventionally divided into two groups: so-c al | ed HAweat hero
those which timing of migration is genetically determined. It is the most logical to expect the impact

of weather conditions and climate changes on timing of seasonal migrations for the first species
group. As for waterbirds, we can include short-distance migrants in the first-group species. The
wintering area of them is not far from their breeding grounds; they are some species of ducks,
geese, gulls and waders.

In many cases it is the amplitude of arrival dates which clearly characterizes migration types of
speci es: whet her they relate to fAiweatherd migra
Belovezhskaya Pushcha (Belarus), over the period 1947-1954, the amplitude of migration start for

an Arctic species 1 the black-throated diver constituted only 5 days, while the amplitude of the

arrival for a breeding garganey was 35, and for the herring gull i 43 days (Gavrin, 1957).

Climate changes differently reflects in migration phenology of the local species, territorially
associated with biotopes, and the transit species which cross the region and use feeding and other
resources of a biotope only for some period of time.

During the research carried out in the framework of EnviroGrids Project we have found out that a
part of distant migrant species (Arctic waders and geese) also demonstrates a certain relationship
between timing of migration and changed weather-climate factors. It is not always the dates of first
registration which are a reliable criterion of a trend but rather the median of passage (departure)
and physiological condition of the birds, the shift of terms of autumn arrival and the date of the
species last registration in the region.

The indicator species suitable for the monitoring of migration phenology within the Azov-Black Sea
Coast (both practically and theoretically) are the following: the white-fronted goose Anser albifrons
(an inhabitant of Eurasian tundra), the ruff Philomachus pugnax (occurring at boreal latitudes from
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the forest zone to tundra zone) and the lapwing Vanellus vanellus (a part of this species
populations breeds in the Azov-Black Sea Region and adjoining areas).

For some species such as white wagtail Motacilla alba and wheatear Oenanthe oenanthe it is
known that timing of their passage depends on the NAO coefficient. This fact makes them more
capable indicators of global changes in the atmosphere circulation (Sokolov, 2010).

There is a natural positive reaction on the spring warming for those species which timing of
migration is determined by readiness of biotopes (ecosystems) to satisfy bird requirements in food,
rest, etc. Short-distance migrants can benefit from a more prolonged stay on their breeding
grounds (Grishchenko, 2010), males can occupy convenient nesting sites earlier. The data
published for Belarus (Gavrin, 1957) supplement our assumptions on different reactions of birds on
climate changes. The species, for which the selection and protection of their nesting site is
principal, arrive in a wider temperature range then those, for which a limiting factor is the feeding
base within the habitat. Thus, the air temperature amplitude at the day of arrival of the common
crane was 13.5 ®(from -9.2 to + 4.3), while for the swift i only 5.2 ® (from +12.0 to +17.2), and for
the common snipe i 5.8 ® (from +1.8 to +7.6). At the same time the analysis of timing of breeding
of waders in the Azov-Black Sea Region (the avocet Recurvirostra avosetta L.) has shown that the
early arrival is not a determinant for the start of egg-laying or breeding dates of a core part of the
population (Chernichko, 1988) and there are no benefits from the earlier start of breeding.

Due to these facts a better model group seems to be inhabitants of tundra zone T the geese
(especially the white-fronted goose Anser albifrons) and waders (e.g. the ruff Philomachus pugnax)
migrating across the Azov-Black Sea coast. During similar weather conditions effecting on local
breeding species in the region at the same time, the reaction of long-distance migrants allows to
distinguish some trends.

According to the data of our long-term research the time of migration peaks of the white-fronted
goose can deviate +10-15 days from mean value. Actual dates of peak migration, with correlation
of 0.8-0.9, can be an evidence of early or late start of spring. We have been recording the spring
migration of the white-fronted goose at Molochnyi Liman since 1986. A valuable conclusion is that
it is more important to estimate not the date of the first registration of the species but the term of
passage for a half (median) of population numbers.

For the last 18 years (1986-2010) a migration peak for a main part of the white-fronted goose
population tends to shift for later dates. At the same time, dates of the last registration of the white-
fronted geese in the region demonstrate a contrary trend and are shifted for earlier dates (Figure
1.3.26)

There is an assumption that the geese react rather on weather conditions along their migration
route or directly on breeding grounds than on local climate trends. It is also confirmed by the fact
that autumn arrival of geese to the Azov-Black Sea coast has shifted to later dates. (Figure 1.3.27).
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Figure 1.3.26. Changes in dates of the last Figure 1.3.27. Changes in dates of the first
registration of the white-fronted goose in spring registration of the white-fronted goose in autumn
at the Azov-Black Sea coast at the Azov-Black Sea coast
(pentads: 17.03-20.04) (pentads: 11.09-24.10)

In this respect, it would be useful to fulfil a more detailed analysis of migration phenology for a key
wader species i the ruff I which breeding grounds are located at high latitudes, and spring arrival,
especially that of males, to the Azov-Black Sea region is relatively early and supposed to correlate
with local weather conditions.

Thus, there were analysed the dates of the first species registration in the region for the over last
35 years (since 1975), and peaks of maximum numbers in April and May (n = over 800 000 ind.).
Also, size measurements were analyzed (body condition index: weight to wing length ratio) for the
ruff females (n=548) out of 1500 individuals captured in April and May for the period 1978-2007.

The spring passage of the ruff across the Azov-Black Sea coast of Ukraine in some years starts in
mid-February (26 February in 1978 and 1991) but more frequently in mid-March. The diagram of
the average bird number on count plots according to long-term data (Figure 1.3.28.) has two well-
pronounced seasonal peaks. It is an evidence of synchronic passage, especially in spring.

The first flocks of the ruff in March include 90-95% of males (Figure 1.3.29.). By mid-April their
percentage considerably reduces, and by late April it equals to the percentage of females.
However, peak numbers in April are formed predominantly by males, and in May i by females. To
make a more reliable analysis there were used catching data instead of approximate estimation of
sex composition during counts.
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Figure 1.3.28. Average monthly numbers of the
ruffs on count plots according to long-term data.

Figure 1.3.29. Percentage (%) of males and
females among migrating ruffs in spring,
according to the catching data during a period of

counts.

There are no long-term reliable data for the Azov-Black Sea coast (for 100 years-period) relating to
the date of the first spring registration. That is why we have analysed trends in the arrival date of
the ruffs and some other wader species for a more northern area of Ukraine i Chernihiv Region
(Marisova, et.al., 1992).
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Figure 1.3.30. Changes in average dates of spring
arrival of the ruff and common sandpiper to Chernihiv
Region for the last 100 years (by Marisova, et al.,

1992).

According to these data, for a majority of
breeding wader species the average
timing of arrival shifted to earlier dates
(the lapwing Vanellus.vanellus, the
common sandpiper Actitis hypoleucos,
the Eurasian curlew Numenius arquata),
except for the common snipe (Gallinago
gallinago), which arrival, averagely, tends
to be 1 week later. As for migratory
wader species, affected by the same
climate fluctuations, the situation is
contrary. The ddunlin (Calidris alpina)
and the wood sandpiper (Tringa glareola)
arrive later (Figure 1.3.30.), and for the
ruff a considerable shift to earlier dates is
observed. Thus, for the interval of 1866-
1870 the mean spring arrival date for the
Ruff was 10 May, and during 1971-1985
the first registrations, averagely, shifted
to 3 weeks earlier 1 12 April. At the same

time, standard deviation for the registration dates increased 4.5 times, which is a clear evidence of
less stable terms of the migration start. Anyway, in inland area, the considered species
demonstrate a pronounced positive trend of arrival dates for the last 100 years.
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Figure 1.3.31. Dates of the ruff arrival to the Azov-
Black Sea coast during 1975-2010.

According to the retrospective data,
since 1975 the mean arrival dates
demonstrate a very weak and low-
reliable negative trend (Figure 1.3.31.)
Therefore, in the south of Ukraine the
timing of the ruff arrival for the last 35
years has little changed. At the same
time, average monthly temperatures of

February and March (data of
meteostations of Odesa and
Henichesk), that determine terms

arrival of first birds, show a positive
trend during the years of research
(Figure 1.3.32). It was important to
track the influence of weather
conditions on the migration of a core
part of population (peak dates, median
of passage).

For this purpose we have analyzed the dates of peak numbers in April, when males still dominate
in the region, and in May, when the percentage of females prevails. The dates of peak numbers in
April (Figure 1.3.33.) for all the observation period since 1975 have demonstrated slight
(unreliable) shifts to later dates compared to May peak concentrations (Figure 1.3.34) which

started their formation much earlier.
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Figure 1.3.32. Trends of changes in average monthly temperatures of February and March at the
Azov-Black Sea coast during 1975-2010 (data of meteostations of Odesa and Henichesk)
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This fact made it necessary to check a migration condition also for females: average body
condition index in April and May. In April, the data for different years did not show any significant
trends. This is evidence that females arrive to water bodies of the region having approximately the
same initial mass. However, in May the rate of weight growth was higher, and high departure

masses were gained in more and more earlier terms (Figure 1.3.35).
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instance, at the Azov-Black Sea, similar to other territory of Ukraine, they are pronounced not so
strong compared to boreal and arctic areas. In Arctic the climate changes the most, approximately
2 times faster than averagely on the planet. For the last decades in different parts of Arctic the
increase of average temperature in summer months was from 0.7 to 4°4 (Ippolitov et al., 2004;
Sokolov, 2010). It leads to levelling of temperature zones in Siberia, accelerates melting of snow
cover and defreezing of permafrost soils over a vast area.

In this situation it can be assumed that the ruff females, similar to white-fronted geese, give a more
pronounced reaction on potential improvement of breeding conditions at high latitudes and
therefore form readiness to the start of their spring migration in earlier terms already during their
stay in the Azov-Black Sea Region.

Assessment of changes in phenology of wintering waders in the Azov-Black Sea Region of
Ukraine

General trends of changes in phenology of wintering waders in the Azov-Black Sea Region
of Ukraine. To reveal long-term trends in phenology the data for a long period should be
compared, at least 30 years. That is why this analysis is based on the Crimea Peninsula area for
which such long-term data are available. The latest registration dates of the species in late
autumn-winter of the 1970s (by Kostin, 1983) and during 1990s-2000s (database of the Azov-
Black Sea Ornithological Station, regional publications) were compared to reveal changes in
duration of wintering in the region. The data for the last decade of February were not used to
exclude overlapping between the end of wintering and start of spring migration.

During last two decades, for a number of species the latest registration dates in the Crimea have
shifted from late October/November/first half of December to late December-January (Table 1.3.9).
The lapwing, green sandpiper, sanderling, Eurasian curlew, woodcock and, presumably, dunlin, in
relatively mild winters can stay for wintering even in February.

Table 1.3.9. Long-term changes in phenology of departure and wintering of waders in the Crimea

- Species The latest registration
In the 1970s In the 1990s i 2000s

1. Pluvialis squatarola 23.11.1975 19.01.2005
2. Charadrius hiaticula 31.10.1973 31.12.1998
3. Eudromias morinellus 23.11.1969 25.12.2010/2011
4, Vanellus vanellus 9.12.1970 23.01.2000, 9-14.02.2001
5. Recurvirostra avosetta 31.10.1974 23.01.1999
6. Tringa ochropus 12.12.1970 22.01.2011, 10.02.2001
7. Tringa totanus 4-19 December 5.01.2005
8. Calidris alpina 9.12.1972 22.01.2001, 25.01.2006
9. Calidris canutus 30.09.1971/1973 6.01.1993
10. Calidris alba 15.11.1973 28.01-6.02.1996
11. Lymnocryptes minimus 21.11.1975 15.01.2006
12. Numenius phaeopus 1.11.1974 17.01.2005/2007

Notes: data for the 1970s are given according Yu.V.Kostin (1983); for the 1990s-2000s i by database of the Azov-
Black Sea Ornithological Station, M.M.Beskaravainy (1999, 2008), Yu.A. Andryushchenko, V.M. Popenko (pers.
comm.).

Indirectly, such a trend is traced in the whole Azov-Black Sea Region, though it cannot be reliably
confirmed because of lacking long-term data of complete counts for different winter months. For
example, in the 1960s, at the north-western coast of the Black Sea the dunlin and grey plover were
recorded during winter only in December (Fedorenko, Nazarenko, 1965). The first winter record of
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the grey plover in the early 20" century also was in December (Kistiakivskyi, 1957). In the 1990s
and 2000s the dunlin and grey plover started occurring on wintering in January (until the early
February) at limans of Odesa Region and Azov Sea area, at the shores of Kinburn Spit,
Yahorlytskyi and Tendrivskyi Bays of the Black Sea.

On the example of an indicator species 1 the dunlin i we review a gradual increase of wintering
terms in the Azov-Black Sea Region in more details (Figure 1.3.36). An increasing trend of
frequency of the species January registrations in the region in the 2000s, compared to the 1980s
and 1990s, is shown (Figure 1.3.36a), as well as a gradual shift of the latest registrations to the
end of January (Figure 1.3.36b). As a result, the regularity and duration of a winter stay of the
species in the region are increasing.
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Figure 1.3.36. Increase of the number of the Dunlin winter registrations in January (A) and duration
of wintering (B) in the Azov-Black Sea region of Ukraine during the 2000s.

Similarly, the avocet, for the first time appeared on wintering in the region in December 1980 in the
Danube Delta (Zhmud, 2000), in the 1990s and 2000s began repeatedly occurring in December-
January in the Danube Delta, at Danube limans and the southern coast of the Crimea, and also in
new areas i at limans of Odesa Region and at Syvash (Table 1.3.10).

Table 1.3.10. Increase of the period and area of wintering for the avocet in the Azov-Black Sea
Region of Ukraine for the last 30 years.

Years Areas of winter observations in the region Period
1980s - Danube Delta (first winter registration in the region) December 1980
1990s - Danube Delta -27.12.1997 + 12.01.1998
- Tuzlovski Limans (Odesa Region) - 05.01.1994
- Southern Crimea, near Feodosia -12.12.1999 + 23.01.1999
2000-j - Danube Delta -17-18.01.2006
- Limans near Odesa - December 2005
- Eastern Syvash, Crimea - December 2010
- Azov Sea area, Molochnyi Liman (Zaporizhzhia Region) - 08.12.2004
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Changes in wintering phenology of indicator wader species. Changes in wintering phenology
of indicator wader species are considered in more detail for a central part of the Azov-Black Sea
Region of Ukraine, in particular i for the North-Western Azov area, Crimea and Kherson Region
(Left-bank Ukraine), since equivalent long-term data for the whole region are not available.
Synchronized winter counts in the region and regular publication of their results have been carried
out only after 1998 and cover not the whole winter period but only mid January. At the same time,
the western part of the region (Right-bank Ukraine) noticeable differs in phenological indices of
many species (earlier arrival dates, etc.). Therefore, if different areas are surveyed in different
years, geographical variations between them can be more significant than those between years.
As a result, we didnodot succeed in finding t
least for several decades for the whole region.

In wetlands of the central part of the region the synchronized winter counts were carried out in the
2000s annually in January, and occasionally i in December and February. There are quite
complete data on some winter seasons for the 1990s, and only data of irregular observations for
the years before the 1990s. As a result, for particular years it is not possible to identify a reason of
the data gap i whether it was connected with incomplete counts or with early departure of birds.
That is why, wintering phenology was analyzed using only the data of those years when the
species was registered in the considered territory during the winter period.

To characterize the wintering phenology of waders the main indices were the last registration date of
the species in each season of wintering and a calculated, on its basis, duration of the species wintering
in the considered area (number of days from the beginning of winter to the last registration date).

Our two-years observations on monitoring plots during all the wintering period have shown that if
waders left control territories due to settled prolonged negative temperatures they did not come
back until the end of wintering. In the few seasons when after being absent in late January-early
February, the species appeared in the region the last decade of February, this date of returning
was considered as a start of spring migration and was not taken into account in calculations of
duration of wintering. On analysing long-term data we compared not years but winter seasons (i.e.
December of the previous year and January-February of the next one was considered as a one
single season).

Changes in the wader wintering phenology are shown on the example of four species. For these
species there are data for a long-term period, i.e. they regularly winter in the region, and they are
not associated with man-transformed landscapes (disposal fields, wells, waste discharges of heat
stations). Such selection of species allows to find relationships between phenological and weather-
climate changes.

A AN, .
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Dunlin (Calidris alpina). For the dunlin we managed to compile rather regular data on duration of
wintering in the investigated territory for the period 1995-2012 (Table 1.3.11). Table 1.3.11 shows
that since 2004, winter stay of the dunlin in the region becomes regular (annual) and lasts at least

until the 2"%-3¢ decade of January.

A graphic image of wintering phenology of the dunlin for the period 1980s-2000s shows a general
increasing trend of duration of wintering in the investigated territory (trend line in Figure 1.3.37). A
similar relationship is also traced when the average duration of wintering is calculated in five-year

The dunlins in the Molocny Liman.
Photo by Bogdan Przystupa

periods, for the years with available data samples (Table 1.3.12).
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Figure 1.3.37. Duration of wintering of the dunlin in the North-West Azov area, Crimea
and Kherson Region in the 1980s-2000s.

Table 1.3.11. Wintering phenology of the dunlin in the North-Western Azov area, Crimea and

Kherson Region.

Winter season Last registration date Duration of wintering (days) Number of birds
1981-82 14.01 45 1
1990-91 12.01 43 80
1996-97 18.12 18 20
1997-98 18.01 49 250
1998-99 31.12 31 10
2000-01 22.01 53 70
2002-03 20.12 20 1
2003-04 31.01 62 35
2004-05 19.01 50 510
2005-06 25.01 56 1
2006-07 23.01 54 370
2007-08 18.01 49 1
2008-09 21.01 52 70
2009-10 26.01 57 20
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Winter season Last registration date Duration of wintering (days) Number of birds
2010-11 11.01 42 38
2011-12 17.01 48 4

Table 1.3.12. Average duration of the dunlin wintering in the North-West Azov area, Crimea and
Kherson region in 1995-2012.

Five year period Average duration of im
(pentad) wintering in the region (days)
Dec.19951 Feb.2000 32.7 18-49
Dec.2000 1 Feb.2005 46.3 20-62
Dec.20057 Feb.2010 54.6 49-57
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Figure 1.3.38. Long-term dynamics of January numbers of the dunlin in the Azov-Black Sea
Region of Ukraine against the dynamics of average monthly temperatures of December and
January

The number of wintering birds in our counts, in some years exceeding 200-500 individuals in the
second half of January, indicates that the winter stay of the dunlin in this region is not accidental or
occasional.

At the territory of Molochnyi Liman and Eastern Syvash, the January number of wintering dunlins
for the period 1990-2011 shows a gradual increasing trend which grows parallel to the increase of
average monthly temperatures of December.

In the whole Azov-Black Sea Region it is also traced an increasing trend of January numbers of
wintering waders for the period 1990-2011 against a gradual increase of average monthly
temperatures of December (Figure 1.3.38). For the considered period (1990-2011) in the dynamics
of weather-climatic indices in this territory the following trends were revealed: average monthly
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temperatures of December shows an increasing trend; average monthly temperature of January
has no pronounced trends; number of days with positive average daily temperatures has an
increasing trend in December and in January. The dunlins continues wintering in January usually
in those years when average monthly temperatures in December and January are higher than
zero.

Eurasian curlew (Numenius arquata). For the Eurasian curlew the data on duration of wintering
in the investigated territory were compiled for the period 1958-2012, and relatively regular i since
1990 (Table 1.3.13).

Table 1.3.13. Phenology of wintering of the Eurasian curlew in the North-West Azov area, Crimea
and Kherson region.

Winter season Last registration date Duration of wintering (days)
1958-59 13.12 13
1964-65 15.01 46
1970-71 18.01 49
1971-72 9.12 9
1976-77 21.01 52
1990-91 17.01 48
1991-92 16. 01 47
1994-95 04.12 4
1996-97 20. 01 51
1997-98 20. 01 51
1998-99 28. 01 59

1999-2000 20. 01 51
2000-01 9.02 71
2003-04 31.01 62
2004-05 28. 01 59
2005-06 19.01 50
2006-07 23.01 54
2008-09 22.01 53
2010-11 20. 01 51
2011-12 24.01 55
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A graphic image of wintering phenology of the Eurasian curlew, similar to the dunlin, shows a general
increasing trend of duration of wintering for the period 1958s-2000s (trend line in Figure 1.3.39).

Similar to the dunlin data, which we gave earlier for Molochny Liman and Eastern Syvash (interim
report, November 2011), the January numbers of wintering Eurasian curlews for the period 1990-2011
show a gradual increasing trend which grows parallel to the increase of average monthly temperatures
of December. Also, it was noted, that Eurasian curlews more frequently continue wintering in those
years when average monthly temperatures in December and in January are above zero.
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Figure 1.3.39. Duration of wintering of the Eurasian curlew in the North-West Azov area, Crimea
and Kherson Region in the 1950s -2000s.

Lapwing (Vanellus vanellus). For the lapwing, the data on duration of wintering in the considered
territory were compiled only since 1990s, and they are more fragmented (Table 1.3.14), presumably
due to the fact that a part of birds winter in agrolandscapes which are less frequently covered with
systematic winter counts.

Table 1.3.14. Wintering phenology of the lapwing in the North-Western Azov area, Crimea and
Kherson Region.

Winter season | Last registration date | Duration of wintering (days)
1990-91 26.02 3
1995-96 6.12 6
1996-97 18.01 49
1997-98 19.12 19
1998-99 3.12 3
1999-00 23.01 54
2000-01 14.02 76
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Winter season | Last registration date | Duration of wintering (days)
2001-02 3.02 65
2003-04 18.02 80
2007-08 14.02 45
2010-11 24.12 24

Nevertheless, a graphic image of wintering phenology of the lapwing, similar to the two previous
species, shows a general increasing trend of duration of wintering for the period 1990s-2000s (trend
line in Figure 1.3.40).

2010/11

2003/04

2000/01

winters

1998/99

1996/97

1990/91

0 20 40 60 80

number of days of wintering

Figure 1.3.40. Duration of wintering of the lapwing in the North-West Azov area,
Crimea and Kherson Region in the 1990s-2000s.

Grey plover (Pluvialis squatarola). Among four studied species, only the wintering phenology of the
grey plover for the last 20 years (since 1990) is a bit different than a general trend (Table 1.3.15,
Figure 1.3.41). Its duration of wintering also had been growing until 2005, and after that is slightly
decreasing. There is the smallest phenological dataset available for this species. At the same time, it
is more sensitive and reacts even on a short-term drop of average daily temperatures below zero.
Both data gap or species sensitivity can be a reason of deviation from a general trend, and it needs
further investigation.

At the same time, similar to other indicator species, since the mid-2000s wintering of the grey plover
became regular (Table 1.3.15). As it was already noted, other indicator species have insufficient data for
long-term analysis of wintering phenology.
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Table 1.3.15. Wintering phenology of the grey plover in the North-Western Azov area,
Crimea and Kherson Region.

Winter season Last registration date |Duration of wintering (days)
1990-91 12.01 43
2004-05 19.01 50
2005-06 10.12 10
2006-07 23.01 54
2007-08 9.12 9
2010-11 21.12 21
2011-12 9.12 9

2011/12
2010/11
2007/08
2]
@
£ 2006/07
=
2005/06
2004/05
1990/91

0 20 40 60

number of days of wintering

Figure 1.3.41. Duration of wintering of the grey plover in the North-West Azov area,
Crimea and Kherson Region in the 1990s-2000s.

Therefore, it is recorded an influence of December-January weather-climate conditions on duration of
winter stay in the region, regularity of wintering, phenology and numbers of particular wader species. There
is an increasing period of winter stay in the Azov-Black Sea region and extension of wintering areas for
example for the dunlin, avocet, grey plover, green sandpiper, redshank, knot. Taking into account a
gradual increasing trend of average monthly temperature of December for recent decades, and influence
of temperature on numbers of wintering birds, the observed changes in duration of wintering are very likely

connected with weather-climate changes.
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1.3.4 Population structure of some indicator species

Population (phenotypic) structure of the sand lizard

In the 1980s it was assumed that a direct impact of climate (temperature regime and humidity) on
embryogenesis pholidosis formation (Roitberg, 1981; 1981a) could be one of the reasons of
chronographic variability of the sand lizard.

Recent studies established that the temperature

development (Lacetrtidae). To express the development stability the frequency of assymetric
expression of a character or the asymmetry index is used (Zdanova, Zakharov, 2001; Zakharov et al.,
2000). The development stability is considered as ability of an organism to form phenotype without
ontogenic disorder. In laboratory studies it was established that the higher asymmetry index, the lower
development stability which in turn can depend on temperature and environmental pollution rate
during incubation. Thus, for the sand lizard the optimal temperature range is 25-27°C. At this
temperature the asymmetry index is 0.11-0.21 (Zdanova, Zakharov, 2001). If incubation temperature
increases or decreases this value grows (Zdanova, Zakharov, 2001).

Phenotypical and physiological reactions as a response to environmental changes are influenced by
biological features of reptiles: relatively small radius of individual activity, attachment to particular
biotopes and, as a consequence, low rate of dispersion. It allows to use reptiles as biological
indicators for a number of years.

Taking into account that one of indices of development stability can be a fluctuating asymmetry of
pholidosis, the assessment of this index was made using the following characters:
number of nasal shields (Nasalia)

number of loreal shields (Loreale)

number of upper labial shields until the subocular shield (Supralabialia)
number of lower labial shields (Sublabialia)

number of submandibular shields (Submandibularia)

number of superciliary shields (Superciliary)

number of supraocular shields (Supraocularia)

number of granules between superciliary and supraocular shields (Granulae)
number of femoral pores (pori femoralis)

=4 =4 -a8_-8_-9_9_-9_-2-2

Index of the fluctuating asymmetry is a sensitive indicator of environmental state, and the method
allows to obtain integral estimate of condition of an organism with all the set of possible impacts.

Control studies were done in open areas to exclude influence of tree plantations on temperature
regime during egg incubation.

In future, to obtain the data necessary for modeling of the ecosystem development it will be enough to
collect information on permanent plots once in 3-5 years, and it will allow to predict further
development of climate changes.

When making field studies it may be difficult to reveal what factor i natural or human 7 provides an

i mpact on |lizardés phenotype. To minimize human

pollution, etc.) the preference was given to the areas retained in the least transformed state. At the
same time, if possible, open biotopes were chosen where the impact of temperature factor on animals
is the highest.
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As a result, pholidosis variability of the sand lizard was studied on five selected monitoring plots with
different microclimate conditions (Figure 1.3.42, Table 1.3.16). Main characteristics of monitoring plots
are presented below.

Figure 1.3.42. Location of monitoring plots for studying phenotype structure of sand lizard
population.

1,2) Shore of Molochnyi Liman

Variety of conditions at the liman shore allowed us
to organize two control plots.

An overall length of the control strip along
Molochnyi Liman is 5-6 km, width is 200-300 m.

1) The northern plot is located in the territory of
forestry (Altahyr). There are all conditions to
choose the most optimal regime (temperature,
humidity) for incubation of clutches.
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2) The southern plot (Sheliuhivskyi Depression)
. is located at open terraced slopes with forbs-

gramineous vegetation and has no significant
tree plantations. There, reptile eggs during
incubation period, possibly, can be subjected to
increased temperature regime.

3) Shore of Kakhovske Reservoir (surroundings
of Enerhodar)

The monitoring plot is 1.5-2 km long and about
500 m wide, located near Enerhodar City.

It is represented by areas of fixed sands with
rarefied grassy vegetation and sparse tree stands.
The plot is open to solar radiation and must reflect
well all changes of thermal regime.

4) Stepanivska Spit.

The monitoring plot stretches along the Sea of
Azov for 4 km and is about 100 m wide.

A characteristic feature is that along its whole
length the spit is made of sandy-shell depositions
with typical grassy vegetation. Small number of
tree plantations allows the soil to be well-warmed
which may influence on pholidosis of lizards.

5) Chonhar Peninsula

The monitoring plot is located between the highway
Moscow-Simferopol and Syvash shoreline. It is about 3 km
long and about 100-150 m wide.

This plot is characterized by extremely low humidity and
high summer temperatures. Gramineous-wormwood
associations with tree plantations along the roads
dominate. The territory is mainly used as a pasture for sheep and cattle. Agriculture really is not practiced
there, that allows researchers to exclude chemicals influence on phenotype formation of reptiles.
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Table 1.3.16. Characteristics of monitoring plots

B Administrative area Description of biotope

1 |Zaporizhzhia Region, Yakymivka Planted forest on sandy soils
District, Altahyr Forestry

2  |Zaporizhzhia Region, Yakymivka Open area, wormwood-gramineous vegetation on loamy soils
District, Sheliuhivskyi Depression

3 |Zaporizhzhia Region, Forbs grasses with sparse tree plantations on sands
surroundings of Enerhodar City

4  |Zaporizhzhia Region, Pryazovie Open area, forbs-gramineous vegetation on sands
District, Stepanivska Spit

5 |Kherson Region, Chonhar Peninsula  |Verge of the highway with forest plantations on firm soils

Thus, among selected plots there are both areas deprived of tree plantations or with them. It allowed us
to reveal how characteristics of biotope influence the lizard (Lacertidae) phenotype. It was assumed that
in open biotopes without tree vegetation animals are in more extreme conditions and more rapidly react
on increase of temperature in the environment during the period of egg incubation (Table 1.3.17).

Table 1.3.17. Estimation of development stability by The obtained data show that inhabitants of
pholidosis of the sand lizard Lacerta agilis (2009-2010) open biotopes (steppe, sandy coastal
spits) are the most sensitive to changes in

e Number of | Index of temperature regime during egg incubation
individuals | asymmetry | which makes these areas the most
Chonhar Peninsula 9 0.17+0.05 | promising for further investigations.
Altahyr Forestry 30 0.17 + 0.02 .
Sheliuhivskyi Depression 25 0.22+0.02 | Index of development stability (asymmetry
Stepanivska Spit 20 024 + 0.03 | index) in these areas for the sand lizard is
Surroundings of Enerhodar City 11 0.29 + 0.05 | 0.22 to 0.29. In forested areas this index is

considerably lower and is 0.17 which can
be explained by more optimal choice for
sites of clutches. Trees, to a certain extent, smooth the impact of high temperatures.

The asymmetry index can be also affected by man-made pollution (for example, radiation in the
vicinity of Enerhodar, near the atomic station). Irrespectively of lower average monthly temperatures of
June and higher humidity than those in the south of Zaporizhzhia Region (Altahyr, Sheliuhivskyi
Depression) the asymmetry index is the highest there (0.29).

Analyzing average temperatures of June in the region of monitoring plots we recorded an increasing
trend in all the studied localities: in Zaporizhzhia i from 19.2°C (in 1992) to 23.0 °C (in 2010), in
Melitopol i from +23.0°C (in 1979) to +23.8°C (in 2010), in Henichesk i from +22.8°C (in 1995) to
23.4°C (in 2010).

To confirm the influence of temperature factor on development stability (index of asymmetry) of the sand
lizard there were used collection materials gathered in 1995-1998 in the same localities (Table 1.3.18).

Comparison of retrospective data with the data of 2009-2010, shown in Figure 1.3.43 and in Table
1.3.19, convincingly shows increase in the index of asymmetry in all the monitoring plots.
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Table 1.3.18. Estimation of development stability by pholidosis of the sand lizard Lacerta agilis

o Index of asymmetry in | Index of asymmetry in | Index of asymmetr
Monitoring plot 10951998 20002010 nonl
Chonhar Peninsula 0.11 + 0.05 (n=13) 0.17 + 0.05 (n=9) No data
Altahyr Forestry 0.13 + 0.02 (n=38) 0.17 +0.02 (n=30) 0.16 +0.04 (n=10)
Sheliuhivskyi Depression 0.12 + 0.02 (n=20) 0.22 + 0.02 (n=25) 0.24 +0.02 (n=10)
Stepanivska Spit 0.12 + 0.03 (n=20) 0.24 +0.03 (n=20) 0.23 +0.02 (n=16)
surroundings of Enerhodar City 0.18 + 0.05 (n=5) 0.29 +0.02 (n=11) 0.28 +0.03 (n=10)
The highest increase of the index of
0,35 | — 10051998 — 2010 asymmetry is observed in open areas of
03 Stepanovska Spit (0.24) and Sheliuhivskyi

/ Depression (0.22) which allow to reveal and
025 track recent changes in ecosystems.

02 / According to literary data (Zhdanova,

~ / Zakharov, 2001), a zone of optimal

temperatures for egg incubation of the sand

0,15
N lizard ranges from +25°4  t 0’ w2 7T hese

0.1 values are corresponded by 0.11-0.21 index of
asymmetry. In 1995-1998 on all areas the

Value of development stability index

0,05 .
value of asymmetry index was from 0.11
0 : : : : (Chonhar) to 0.18 (Enerhodar) i.e was within
1 2 3 4 5 limits corresponding to optimal values of
Place incubation temperature. In 2009-2010 the

index of asymmetry increased from 0.17
(Chongar) to 0.29 (Enerhodar). In all open
biotopes there is observed the worsening of
temperature-humidity impact on incubation
regime (value of index increases to 0.22-0.29).

Figure 1.3.43. Changes in index of asymmetry for the
sand lizard (Lacerta agilis) in 1995-2010.
17 Chonhar; 21 Altahyr; 31 Sheliuhivskyi Depression;
47 Stepanivska Spit; 51 Enerhodar

Basing on the fact that in warmer and drier areas the number of femoral pores in the sand lizard
increases (Roitberg, 1981) we also investigated variability of this index in time (Table 1.3.19).

Table 1.3.19. Variability of number of femoral pores (Pori femoralis) of the sand lizard in time

Place vear Average number vear Average number
of pores of pores
Chonhar 2002 29.2 2009 31.2
Altahyr 1996 29.4 2010 30.9
Sheliuhivskyi Depression 1994 29.4 2010 30.2
Stepanivska Spit 1998 29.2 2010 29.3

The obtained data on variability of femoral pores of the sand lizard may be an evidence of climate
aridization for the last 10-15 years in the monitoring region. A smaller range of variability, recorded on
Stepanivska Spit, may be connected with the fact that this plot is located between two water bodies:
sea and liman, and therefore the aridity is smoothed by the influence of aquatic areas.
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1.3.5 Morpho-phisyological characteristics of indicator species

Indices of growth rate and fattening of the round goby as an indicator of changes in
hydrometeorological indices

The round goby (Neogobius melanostomus
(Pallas, 1814) is a mass species in waterbodies
of the study area. At the stage of a hutchling, it
feeds on plankton, and at the adult stage eats
benthos. Insufficient food base leads to a sharp
decline in the rate of growth and fattening of this
indicator species.

Some authors in their works told about a
substantial negative impact of water salinity on
primary production of organic matter in the Azov
Sea (r=-0.47) (Gargopa, 2003) and explained
that salinization of the sea leads to displacement

. ; s - el of high-productive freshwater and brackish
algoflora and fauna. Indlcator parameters were the mean size of two-year specimens in spring period
and meanfatteni ng values by Fultonbés coefficient.

Table 1.3.20. Volume of collected material To check this factor, in 2010-2011 we have
Catching site 2010 | 2011 | collected the material in catching sites with
North-western part of the Azov Sea 45 320 | different salinity. The work was done in the
Eastern part of the Azov Sea - 192 | framework of the enviroGRIDS project. The
Southern part of the Azov Sea - 37| volume of the collected material is presented in
Utliukskyi Liman 89 86 Table 1.3.20.

Dynamics of the size characteristics of the round goby in the study period is shown in Figure 1.3.44.

As a result of field studies and use of long-term data (1997-2009) it was established that for the last 15
years it was observed an increasing trend of the round goby with 0.3 cm/year indices of linear trend.
This trend coincides with trends of decreasing salinity in the Azov Sea and can be used as an
indicative character to estimate climate impact on the species populations in the Azov Sea.

A similar dependence was al so establ i s Figue 1f3.45).
Analyzing dynamics of indices according to the data of field studies we should note increase of
fattening with years, which also corresponds to indices of decreasing salinity in the Azov Sea. So,
mean annual values of fattening in a particular year can be used as indicator characters for revealing
trends of climate changes in the Azov Sea Basin.

An important result of 2011 is confirmation of assumption that the fattening depends on salinity.
Comparing Fultonbés coefficient in several part
a negative correlation of these indices. Thus, the highest indices of fattening were registered in the
eastern part of the Azov Sea (Taganrog Bay) which is a relatively freshwater reservoir (Figure 1.3.45).
The lowest indices of fattening were recorded in the southern part of the sea which still remains more

salty.
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Figure 1.3.45. Fattening dynamics of the round goby by
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Changes in some morphological characteristics of indicator species of reptiles

Reptiles are cold-blooded animals and directly depended on the condition of the environment. For the
first time the suggestion about possible impact of climate on herptofauna was told about 50 years ago
(Shcherbak, 1962, 1964, 1966). It was established that colour, size and body proportion of some
reptiles depend on ecological conditions. For example, the number of spots on the back of the Balkan
wall lizard depends on xerotization of biotope (Podarcis taurica) . A number-s podt
animals increase from north to south and east to west, and in hot and dry areas (for example, in
steppe) the specimens without any spots, with smaller body and shorter tail can be meet (Shcherbak,
1962). There are data that the number of the Balkan wall lizards within the Crimea increases in the
south-west direction which is possibly connected with differences in thermic regime of habitats
(Shcherbak, 1965).

The studies of 2010-2011 have confirmed the presence of phenotypical differences between
representatives of populations in Kerch Peninsula and in surroundings of Sevastopol (Figure 1.3.46).

Figure 1.3.46. Points of observations of the Balkan wall lizard (Podarcis taurica) in the Crimea
(17 vicinity of Sevastopol (Mekenzievi Mountains); 2 i Kerch Peninsula, Chahany Cape).

The Figure 1.3.47 shows that the Balkan wall lizards from Kerch population have many dark spots on

t fed

their back. These spots are elongat ed and form a Atigerodo pattern. I

mountain population (surroundings of Sevastopol, Mekenzieve Forestry) have a pattern which looks
like rare rounded spots.

It should be noted that the observation regions differ in some parameters. Thus, for example, the
habitat on Kerch Peninsula is represented by an area of rocky steppe, practically almost deprived of
tree vegetation and characterized by drier and hotter climate (Figure 1.3.48).

On the contrary, Sevastopol population is located in forest (Figure 1.3.49). The action of high
temperatures in the period of egg incubation is leveled there by the presence of shady sites and
different shelters where sufficient humidity retains and effect of high temperatures is mitigated.

The analysis of body size variability in the Balkan wall lizard has shown that the largest specimens
occur in the Rocky Crimea. Body and tail length reduces in the north-east direction (Table 1.3.21).
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Table 1.3.21. Body size variability of the Balkan wall lizard (Podarcis taurica) from the Steppe Crimea
and Rocky Crimea

n Character: length Lim (M+m)

Sample (terton) MEIEIEMEES r?]%?gé rrfglllés febrggl):;s fertrilalllles

Rocky Crimea 57124 48-75 67-140 51i 67 891113
60.35 +0.9 109.9+2.6 59.1+0.9 97.4+1.9

Steppe Crimea (Bilohirsk) 13/8 49-60 90-98 481 64 7471 90
53+0.9 93.8+1.4 57.4+2.1 80.3+4.9

Steppe Crimea (Kerch) 9/13 47-67 90-107 4771 62 791 97
55,5+ 2.3 95.5+ 3.9 53.9+1.2 88.7+2.4

Figure 1.3.47. Phenotypic variability of the Crimean lizard (Podarcis taurica) from steppe and
mountain populations.

Therefore, we can make an assumption that phenotypic diversity of the Crimean lizard is influenced by
climatic and landscape conditions.

Decrease of body size in the north-east direction from the Rocky Crimea, according to N.N.Shcherbak
(1996), can be also explained by increase of climate aridization in the steppe part.
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Figure 1.3.48. Kerch Peninsula (Chahany), Figure 1.3.49. Vicinity of Sevastopol (Mekenzievi
biotope of Podarcis taurica Mountains), biotope of Podarcis taurica

Preliminary results wer e al so obtained according to monitord.i
study of space-time distribution of different morphs of the dice snake Natrix tessellata has shown the
increased percentage of melanists in Kakhovske Reservoir (Zaporizhzhia Region) and predominance

of the latter in the population of the Lopan River (Kharkiv City) (Table 1.3.22).

Table 1.3.22. Space-time distribution of melanists of the dice snake (Natrix tessellata)

Number (per 100 m of the shorebank line)
Year Kakhovske Reservoir (Zaporizhzhia Region) Lopan River (Kharkiv City)
Common individuals Melanists Common individuals Melanists

1993 3-4 0

1997 7-8 1

1999 5-6 0

2000 6-7 0

2003 7-8 0

2007 6-7 3

2010 8-9 5

2012 - - 7 5

The distribution analysis of different morphs of the dice snakes (Nat r i x 0 leas shewnlthatt ©
black specimens dominate in northern populations. At the same time their numbers in the south also
increased during recent years. Precise data still were not received because of short-term works under
the project but, more likely, these are some climatic conditions which influence on concentration of
melanists.
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1.36St ate of particular natur al processes:

in the region, trends and prognoses

The state of wader 6 3Black SeatRegion af gkrainenhad bleen analygzedvfor the
period 1960s-2000s on the basis of published ornithological materials and the database of the Azov-
Bl ack Sea Ornithological Station including aud
region was done simultaneously with analysis of trends in weather-climate conditions for the same
period. For more detail investigation of impact of weather-climate conditions on winter distribution of
waders in the winter periods 2010/2011 and 2011/2012t her e wer e under t aken
(throughout the whole winter, with two-week intervals) on monitoring plots of South Ukraine (in the
North-Western Azov area i Molochnyi Liman, Zaporizhzhia Region and in the North-Western Black
Sea Region i the Danube Delta, Tilihulslkyi Liman, Odesa Region). Weather-climate conditions were
estimated basing on primary data of Henichesk meteostation (Kherson Region), located in the central
part of the seashore strip.

Characteristics of s peswinesngdommenitysin theregooh and trethasro®
changes. In ornithological literature there are very few facts of winter registration of waders in Ukraine
from the late 19th century to the 1960s. There are single winter records of the green sandpiper Tringa
ochropus and snipe Gallinago gallinago in the Crimea in the 19th century (Brauner, 1899). In the south
of the Crimea and in the vicinity of Simferopol City for the same period there were known winterings of
the woodcock Scolopax rusticola (Nikolsky 1891/1892; Senitsky, 1898). B.S.Valkh (1911) mentions
single winter records of the woodcock, wnipe and jack snipe Lymnocryptes minimus in the steppe
Dnieper area. Fundamental records of the 1950s on birds of Ukraine (Kistiakivskyi, 1957) and the
former USSR (Dementyev, Gladkov, 1951) tell about two December registrations of the lapwing
Vanellus vanellus in the Crimea and Askania-Nova Reserve (Kherson Region) and about rare
winterings of the woodcock. There were known single observations of the wnipe, Eurasian curlew and
dotterel Eudromias morinellus at the Dniprovskyi Liman in the first half of December, and records of
the jack snipe and grey plover Pluvialis squatarola (Kistiakivskyi, 1957) in Askania-Nova Reserve. In
the late 1950s in the Black Sea Reserve and on Dzharylhach Island (Kherson Region) in the warmest
seasons the lapwing and Eurasian curlew Numenius arquata stayed for winter (only in December)
(Ardamatskaya, 1973; 1996). Therefore, biodiversity of wintering waders in the Azov-Black Sea
Region prior to the 1960s, according to literary data, included 8 species T the lapwing, green
sandpiper, grey plover, dotterel, woodcock, snipe and jack snipe.

In the 1960s at the northern coast of the Black Sea (Odesa and Kherson region of Ukraine) the
following species were registered on wintering: the lapwing, redshank Tringa totanus, woodcock,
Eurasian curlew, and also (only in December) i grey plover and dunlin Calidris alpina (Fedorenko,
Nazarenko, 1965; Ardamatskaya, 1983; 1996; Ardamatskaya, Rudenko, 1996). In the late 1960s a
single winter record (14.02.1969) of the dunlin in the Crimea is known (Kostin, 1983).

As a result, before 1970 on the south of Ukraine there were registered 10 species of waders
(Table 1.3.23).

In the 1970s only in the Crimean Peninsula in winter season there were recorded 12 species of
waders T the dunlin, ruff Philomachus pugnax, snipe, woodcock, black-tailed godwit Limosa limosa,
purple sandpiper Calidris maritima, Eurasian and slender-billed curlews Numenius tenuirostris, and
also (in December) the lapwing, green sandpiper, greenshank Tringa nebularia and redshank (Kostin,
1983).
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In the Black Sea Reserve (Yahorlytskyi and Tendrivskyi Bays of the Black Sea) 7 species were
recorded on wintering: the lapwing, redshank, jack snipe, snipe, woodcock, Eurasian curlew and
whimbrel Numenius phaeopus (Ardamatskaya, 1983); in the vicinity of Odesa at Khadzhibeiskyi Liman
the jack snipe was registered on wintering (Zhmud, 2000).

In a total, in the south of Ukraine in the 1970s there are references of winter records for already 14
species of waders (Table 1.3.23). For the first time in winter period in the region there were recorded
the greenshank (9-11.12.1970), ruff (December-February), black-tailed godwit (16.02.1971,
17.01.1975), purple sandpiper (17-18.02.1971), whimbrel (December-January) and slender-billed
curlew (12.01.1971).

Table 1.3.23. Changes in the species composition and distribution of waders in winter period in the

Azov-Black Sea Region of Ukraine for the last 50 years

) Wader species ' Number of sites where the species stay in winter
Prior to 1970 | 1970s 1980s 1990s 2000s
1. |Pluvialis squatarola 2 - 1 3 5
2. |Pluvialis apricaria - - - 2 3
3. |Charadrius hiaticula - - - 1 3
4. |Charadrius alexandrinus - - 1 - 3
5. |Eudromias morinellus 1 - - - 1
6. |Vanellus vanellus 4 2 2 11 13
7. |Vanellochettusia leucura - - - - 1
8. |Arenaria interpres - - - 1 1
9. |Himantopus himantopus - - - - 1
10. [Recurvirostra avosetta - - 1 3 4
11. [Haematopus ostralegus - - - 2 3
12. [Tringa ochropus 1 1 1 4 6
13. |Tringa nebularia - 1 - - 1
14. |Tringa totanus 1 2 2 - 5
15. [Tringa erythropus - - - - 1
16. |Actitis hypoleucos - - - - 1
17. |Philomachus pugnhax - 2 - 2 3
18. |Calidris minuta - - - - 2
19. |Calidris ferruginea - - - - 1
20. |Calidris alpina 2 1 2 6 14
21. |Calidris maritima - 1 - - 1
22. |Calidris canutus - - 1 4 3
23. |Calidris alba - - 1 3 5
24. |Lymnocryptes minimus 2 2 1 2 6
25. |Gallinago gallinago 2 3 3 7 15
26. |Gallinago media - - - - 2
27. |Scolopax rusticola 5 2 4 5 10
28. |Numenius tenuirostris - 1 - - -
29. |Numenius arquata 3 3 2 11 13
30. |Numenius phaeopus - 1 2 - 3
31. |Limosa limosa - 1 1 - 2
Total, species 10 14 15 16 30
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In the 1980s in the Ukrainian Danube Delta in winter months there were registered 13 species of
waders (Zhmud, 1998). Eight of these species (grey plover, lapwing, dunlin, sanderling Calidris alba,
woodcock, whimbrel and Eurasian curlew, black-tailed godwit) could stay in this area for the whole
winter. For the first time the following species were registered in winter period: the Kentish plover
Charadrius alexandrinus, avocet Recurvirostra avosetta, knot Calidris canutus, sanderling.

In the 1980s at the southern coast of the Crimea, from Alushta to Feodosia, there were recorded 4
species of wintering waders i the lapwing, dunlin, snipe, woodcock (Beskaravayny, Kostin, 1999).
Besides, the green sandpiper, snipe and jack snipe were recorded on wintering in the vicinity of
Odesa.

In general, in the Azov-Black Sea Region of Ukraine during these years 15 wader species occurred on
wintering (Table 1.3.23). For the first time for the whole region there were recorded wintering Kentish
plover (17.12.1986), avocet (December 1980), sanderling (December-February), knot (16.12.1983).

In the 1990s in the Ukrainian Danube Delta there were registered 13 wader species in winter period. The
species, new for this area, appeared i the oystercatcher Haematopus ostralegus, golden plover Pluvialis
apricaria (began occurring repeatedly on wintering), green sandpiper, jack snipe (Zhmud, 2000).

In the south of the Crimea in this period, in addition to earlier recorded species there were registered
in winter the ringed plover Charadrius hiaticula, avocet, turnstone Arenaria interpres, green sandpiper,
knot, sanderling (Beskaravayny, 1999; Kostin et al., 1998).

In the 1990s in the North Azov area (mostly at Molochnyi Liman) we recorded 7 species of wintering waders:
the lapwing, grey plover, dunlin, sanderling, knot, Eurasian curlew and snipe (Kinda et al., 2006).

A total of 16 wader species were recorded on wintering in the whole region during the 1990s. For the
first time in winter period there were revealed the ringed plover (31.12.1998), golden plover
(December 1998), oystercatcher (15.01.1997), turnstone (5.02.1996).

In the 2000s in the Ukrainian Danube Delta 15 waders species were recorded in winter period. In 2001
in this area the following species appeared on wintering for the first time: the greenshank
(11.01.2001), spotted redshank Tringa erythropus, little stint Calidris minuta. Species composition of
waders each winter was determined by weather conditions. The most common and regularly wintering
in the delta species, which occur in small numbers even in severe winters right up to complete
freezing of water bodies, are the Eurasian curlew, dunlin and sanderling. The most tolerant to low
temperatures is the Eurasian curlew; it is the only species which remains in especially cold winters. In
mild seasons (according to weather conditions) 9 species occurred throughout the whole winter: grey
plover, golden plover, lapwing, dunlin, sanderling, knot, snipe, woodcock, Eurasian curlew. For other
species (such as the avocet, greenshank, spotted redshank, little stint, jack snipe, black-tailed godwit)
there are known only 2-3 records.

On Kinburn Peninsula (Mykolaiv Region) and the adjacent shore of Yahorlytskyi Bay in the 2000s
there were registered 16 species of waders in winter period (Petrovich, Redinov, 2006; Redinov et al.
2008; Petrovich, Redinov, 2011). Among them such rare species on wintering in the whole region as
the oystercatcher, ringed plover, Kentish plover, turnstone, purple sandpiper, knot, sanderling.
Species composition of waders depended on winter-climate conditions of the winter: in case of
significant falls of temperature waders leave this area, and only the species the most tolerant to low
temperatures occur regularlyi the Eurasian curlew, dunlin, grey plover and, perhaps, the woodcock
(Petrovich, Redinov, 2006).

In the 2000s (Figure 1.3.50) in the North Azov area (Mlochnyi Liman) we counted 11 wader species in
winter months, in the Crimea (Syvash) i 15 species (Kinda et al.,, 2006; Andryushchenko,
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pers.comm.), at Odesa Limans 1 19 species (Panchenko, Formanyuk, 2005; 2006; 2007; 2008,
pers.comm.)

Figure 1.3.50. Species diversity of waders during winter period and main wintering sites in the Azov-
Black Sea Region of Ukraine in the 2000s.

Figure in the circle i number of wintering species of waders, 1- Danube Delta (15), 2 7 Odesa Limans
(19), 31 Kinburn Spit and Yahorlytskyi Bay (17), 4 i Syvash (15), 57 Molochnyi Liman (11).

Thus, for the recent decade biodiversity of waders, regularly and sporadically wintering in the Azov-
Black Sea Region of Ukraine has increased the most substantially i up to 30 species. In the 2000s the
following species were registered on wintering in the region for the first time: the black-winged stilt
Himantopus himantopus (December-February 2005-2007, Odesa Limans), white-tailed plover
Vanellochettusia leucura (19.01.2001, Crimea), spotted redshank (21.01.2001, Danube Delta),
common sandpiper Actitis hypoleucos (25.12.2004, lower reaches of the Dnieper), curlew sandpiper
Calidris ferruginea (8.12.2004, Azov Sea region), little stint (11.01.2001, Danube Delta) and great
shipe Gallinago media (January 2005, 2007, Odesa Limans, Black Sea Reserve).
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Main trends in changes of species diversity of waders

Increase in the number of wintering species of
waders in the Azov-Black Sea Region of
Ukraine for the last 50 years (from 10 to 31
species, Figure 1.3.51), more likely, is
connected with warming of first winter months.
Also, we cannot exclude man-made
transformation of biotopes. Coverage of the
studied area has only a partial impact on the
results. The closest regular wintering areas of
the considered group of species are located in
the Mediterranean, North Africa, Transcaucasia,
and South Asia. That is why, movement of their
wintering range to the north, in the Black Sea
area, is quite probable with the climate warming.
A similar trend is observed in Bulgaria i
increase of species diversity of waders at the
expense of the species which wintering range
lies much further to the south (Nankinov, 1989;
Dimitrov et al., 2005).

The trend of increasing species diversity of
waders is traced by us also in some monitoring
wetlands 1 in the Danube Delta, at Syvash and
Molochnyi Liman (Figure 1.3.52).
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Figure 1.3.51. Increase of species diversity of

wintering waders in the Azov-Black Sea Region of

Ukraine during the last 50 years.
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Figure 1.3.52. Increase of species diversity of wintering waders at Syvash and Molochnyi Liman over
the period of 20 years (1991-2010).

Only the Eurasian curlew can bear severe winters. Among other species, the most resistant to
prolonged falls of temperature and their consequences, are the dunlin, in lesser extent i the grey
plover, and in the coastal zone T the sanderling. These species winter in the region the most regularly
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and dominate in numbers (Kinda et al., 2006). The man-made water bodies are the most frequently
used as wintering sites by the green sandpiper, jack snipe, black-winged stilt.

In mild winters not only the overall number of registered wader species increases but also the number
of species which stay in the region throughout all the winter or during its major part (until late January-
February). For the last two decades there is observed increase in the period of winter stay in the
region for a number of species(seeChapter 3. 3), and, as a result
wintering community in the region is gradually growing.

Prognoses of changes in the wader 6s wintering

With gradual climate warming in winter period the species diversity of wintering waders in the Azov-
Black Sea coast of Ukraine may increase at the expense of movement of Mediterranean wintering
ranges of many wader species in the Azov-Black Sea direction. The first will be those new species
Nankinov, 1989) which in recent decades already began winter non-regularly in Bulgaria.

The wader species, sporadically wintering in the region, may become stable wintering in the near
decades. The species, currently occurring only in December-January may stay in the region, during
mild winters, for the whole winter period (for example, the grey plover, avocet, redshank).

In addition, it is expected broadening of the wintering area for particular species at the expense of
using new wetlands within the region and increase of total numbers of some regularly wintering
species in the region (for example, the dunlin, Eurasian curlew, grey plover, snipe). In the near
decades in the south of Ukraine the appearance of stable wintering sites of waders is the most
probable, first of all, for the Danube Delta, Tuzlovska group of limans, at Syvash and Lebiazhi (Swan)
Islands.

As a resul t, it may increase the value of wet|
rare and protected species. The competition pressure on more southern wetlands, in particular the
Mediterranean wetlands, will be lower in winter period. This will promote conservation of some wader
species at the global scale.

In case if the trend of climate warming continues we can expect the following changes in the wader
winter fauna of South Ukraine by 2050:

A species, which are common at the present time (the dunlin, sanderling, woodcock and
Eurasian curlew), undoubtedly, will retain their status, and the dunlin, more likely, will be a
mass wintering species;

A species, which are rarely wintering now (grey plover, lapwing, redshank and snipe) will become
common species;

A a number of species which occur now only sporadically (the Kentish plover, avocet, black-
winged stilt, green sandpiper, little stint, whimbrel and black-tailed godwit) will change their
status into rare wintering species, and the ruff will be common on wintering;

A the appearance of new wintering species is highly probable (the little ringed plover, wood
sandpiper, Te mmi n estiktpbar-tailed go d wi t ) . T h e stifit enaynbéconte ke@rsnon,
the little ringed plover and wood sandpiper i rare and the bar-tailed godwit i a sporadically
wintering species.
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Thus, by 2050 the winter fauna of waders in the south of Ukraine will probably include 33 species, of
them 10 common species, 91 rare wintering species and 14 i sporadically recorded.

By 2100, the most probably, the following changes in the wader winter fauna of South Ukraine can be
expected:

A species, which are common at the present time (the dunlin, sanderling, woodcock and

Eurasian curlew), undoubtedly, will retain their status, and the dunlin and sanderling, more
likely, will be mass wintering species;

species, which are rarely wintering now (grey plover, lapwing, redshank and snipe) will become
common and may be even mass wintering species;

absolute majority of sporadically wintering species will be either rare (the golden plover, ringed
plover, Kentish plover, turnstone, black-winged stilt, oystercatcher, greenshank, spotted
redshank, common sandpiper and curlew sandpiper), or even common on wintering (the
avocet, green sandpiper, ruff, little stint, whimbrel and bar-tailed godwit);

the appearance of new wintering species is highly probable (the little ringed plover, wood
sandpiper, Terek sandpi per , Btantmipar-tailedkgddsvit). The wood sandpiper and
T e mmi ngtirk May even become common, and the terek sandpiper and bar-tailed godwit
will, more likely, remain sporadically wintering species.

Thus, by 2100 the winter fauna of waders in the south of Ukraine will probably include 34 species, of
them 12 common species, 10 i rare wintering species and 7 I sporadically recorded.

Table 1.3.24. Wintering of waders in the south of Ukraine: current status and prognosis

~ ] Species | Current status | Prognosis by 2050 | Prognosis by 2100
Actually registered species
1. Pluvialis squatarola R C C
2. Pluvialis apricaria S S R
3. Charadrius hiaticula S S R
4. Charadrius alexandrinus S R R
5. Vanellus vanellus R C C
6. Vanellochettusia leucura S S? S?
7. Arenaria interpres S S f
8. Himantopus himantopus S S t
9. Recurvirostra avosetta S R C
10. |Haematopus ostralegus S R {
11. |Tringa ochropus S R C
12. |Tringa nebularia S S t
13. |Tringa totanus R C C
14. |Tringa erythropus S S {
15. |Actitis hypoleucos S S t
16. |Philomachus pugnax S C C
17. |Calidris minuta S R C
18. |Calidris ferruginea S S I
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) Species Current status | Prognosis by 2050 | Prognosis by 2100
19. |Calidris alpina C C C
20. |Calidris canutus S S [
21. |Calidris alba C C C
22. |Lymnocryptes minimus S S [
23. |Gallinago gallinago R C C
24. |Gallinago media S S [
25. |Scolopax rusticola C C C
26. |Numenius tenuirostris S S? [ ?
27.  |Numenius arquata C C C
28. |Numenius phaeopus S R C
29. |Limosa limosa S R C
Total, species C-4;R17 4;S-21| C-9; R-7; S-13 C-14; R-10;S-5
Expected species
30. |[Charadrius dubius - R {
31. [Tringa glareola - R [
32. |Xenus cinereus - - [
33. |Calidris temminckKii - C {
34. |Limosa lapponica - S [
Total, species C-4;,R-4; -2 | C-10; R-9;S-14 C-17; R-10;S-7

Note: CT7 common; R rare; S1 sporadic records
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1.4 Expected socio-demographic (socio-economical) effects of biodiversity changes
caused by a complex of factors, prognoses and scenarios to mitigate negative
effects

Target investigations on impact of climate changes on particular characteristics of key ecosystems of

the Azov-Bl ack Sea coast, undertaken within the envi

Sea Catchment Observation and Assessment System Supporting Sustainable Development under the

7th Framework Programme of the European Uniono,

allowed to work out scenarios of prognosticated consequences for various life spheres and
economical activity of people using biological resources in the south of Ukraine.

As for a particular direction of climate changes they vary in different geographical regions and relevant
literature sources have no clear and unambiguous opinions of it. Moreover, the on-going climate
changes are frequently added with human interference in nature systems that complicates a precise
identification of causal relationships.

This work is based on the monitoring observations for the period 2009-2012 along with available
retrospective data for the Azov Sea ecosystem and changes in the sea ichtyocoenoses and for an
intrazonal ecosystem of the Danube Delta especially the productivity of the reed (a key, landscape-
forming species). The survey of the coastline dynamics under climatic and human factors was carried
out at the marine edge of Kiliya Danube Delta to forecast expected effects both for delta systems and
for recreational and economical use of the territory by local people.

Some geobotanical surveys were done in 2010-2011 on monitoring plots in zonal (meadow and
steppe) vegetation communities of the Azov area, and prognoses were made. For some ecotone
ecosystems of the Azov area, the current entomological monitoring was compared with retrospective
data, and the prognosis of pests dynamics was made.

Ecosystems of the Azov Sea

The changes of basic parameters (Chapter 1.1) have provoked successional dynamics of main
hydrobiological ecosystem indices.

The analysis of hydrometeorological data in the Azov Sea Basin allows to expect several scenarios of
climate changes in the region 1) increase of temperature and increase of precipitation; 2) increase of
temperature and decrease of precipitation 3) decrease of temperature and increase of precipitation.

Water ecosystems have more composite schemes of impact on the ichthyofauna. Thus, for example,
increase of precipitation influences the volume of river runoff, and the drainage, in its turn, is a major
determinant of salinity. Mineralization of sea water influence the fish productivity, forming their food
base 1 this relationship is very typical for the Sea of Azov. In recent decades, increase of sea salinity
resulted in the appearance of the comb jellyfish (Mnemiopsis leidyi) which greatly undermined
zooplankton biomass and affected the productivity of most short-cycle fish species (European
anchovy, Azov Sea sprat).

For the Azov Sea, we can expect several variants for fish communities and fish productivity as well as
socio-demographic effects within the three above-mentioned scenarios.

106

r

(



enviroGRIDS 1 FP7 European project 0‘9 L
- . a/
Building Capacity for a Black Sea Catchment
g Capacity & ~ifRy
Observation and Assessment supporting Sustainable Development env1rOGRID$

The first scenario will entail decrease of salinity
due to the increase of river runoff. It should be
noted that this scenario is the closest to present
conditions. Increase of air temperature will entail
increase of water temperature. As it was
mentioned above, this trend will lead to further
desalinization of the Azov Sea. Currently, the
sea salinity is 10.2 g/l which is typical for a
natural (before the construction of Tsymlyansky
Hydrocomplex) condition of the sea. In case of
further increase of precipitation the salinity may
decrease to 9.5-10 g/I. It will not lead to any
considerable changes in ichthyofauna structure.
The European anchovy and Azov Sea sprat will
remain dominating commercial species and a
current trend of their number growth will
continue. The increase of stocks of these fish
species will assist to improvement of socio-
demographic situation in the industry. The
increase of their catch will promote the growth of
work places in extractive and processing fish
industries.

An important element of the development of fish-
extraction enterprises will be a possibility to
catch fish using a fixed net in coastal waters
without special vessels and trawls. It can assist
to the development of small business in the
b BT, i I coastal villages. However, decrease of salinity,
e R lower than 9 g/l, will be critical for the Azov Sea
ecosystem and may provoke substantial
Figure 1.4.1. The gobies at the beaches of the changes in the ichthyocoenoses structure and
city of Berdiansk (from http://www.brd24.com) negative effects for fish productivity.

A considerable freshening of the sea will, to
some extent, be compensated by the increasing temperature, due to evaporation from water surface.
Especially strong evaporation may be observed in mouth zones of Molochny Liman and Syvash.
Intensively evaporating, these water bodies will bring a great part of salts into salt balance of the sea.

An important consequence of increase of temperature will be the increase in frequency and size of
suffocation phenomena. Combination of high summer temperatures and calm waters leads to water
stratification and rapid decline of oxygen dissolved in lower water layers (less than 3 mg/l) and,
therefore, mass mortality of bottom fish species T maostly gobies (round goby, bullhead, goad goby,
Syrman goby, etc.) As for the socio-economical situation in the region, acceleration of such
phenomena will lead to the following negative consequences: reduction of fish resources of bottom
fish species; decrease of fish industry profitability due to worsening of the production quality, since
even alive gobies captured in pre-suffocation period are lower in price; worsening of recreational
potential due to mass discard of dead fish onto beaches of the region (Figure 1.4.1.) According to the
Azov Special Fish Protection Service for the period of 10 years there is an increasing trend for the
duration of suffocation phenomena and the volume of dead fish (Figure 1.4.2, 1.4.3, 1.4.4).
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Figure 1.4.2A. Fish mortality in the north-western part of the Sea of Azov in 2002

Figure 1.4.2B. Fish mortality in the north-western part of the Sea of Azov in 2004
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