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The analysis of the main factors, which specify the spreading of colonial Laridae to the islands
of Azov and Black Sea region, is presented. The influence of the anthropogenic pressure and the
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anthropogenic influence on island birds were determined. The analysis of mutual breeding of island
birds was performed.
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[IPOCTOPOBHIA PO3IIO/LI KOJIOHIAJIBHUX CUBKOIIOAIBHUX, 1[0 THI3ASATHCSI
HA OCTPOBAX A30BO-YOPHOMOPCBLKOI'O PETIOHY YKPATHU

BukoHaHO aHali3 KIIOYOBUX YMHHMKIB, 10 BU3HAYAIOTH NMOMIMpPEHHs AesknX CHBKOINOIiIOHNX
nTaxiB Ha ocTpoBax A30BchKoro i YopHoro Mops. JleTanbHO BUBUECHO BILIMB aHTPOIIOI€HHOTO HPEcy
Ta XapakTep MDKBHIOBHX B3a€MOJIN Yy KOJOHISX NTaxiB. BH3HaueHO OCHOBHI HANpsSMKH BILUIUBY
JIOACHKO1 TisSUTBHOCTI Ha OCTpiBHHX NTaxiB. [IpoBeneHO aHai3 CHPSHKEHOCTI MTaxiB, IO CHUIBHO
THI3ATBCS HA OCTPOBAX.

Knouogi cnosa: ocmpoea, yepynoganHs nmaxis, aHmpono2eHHull npec, Minceudosi 63aemooii,
auanis.
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[MPOCTPAHCTBEHHOE PACIIPEJIEJIEHUE KOJIOHMAJIBHO I'HE3/IAIIMXCA
P2KAHKOOBPA3HBIX HA OCTPOBAX A30BO-YEPHOMOPCKOI'O PETMOHA YKPANHBI

BeimonHeH aHaiu3 KIIOYEBBIX (HAaKTOPOB, OIPEHCISIONIMX PACIPOCTPAHEHHE HEKOTOPBIX
PxaHko0Opa3HbIX NTHI] Ha OCTpoBax A30BCKOro W UepHoro mops. JleTanbHO M3Y4YECHO BIIMSHHE
AHTPOIOTCHHOTO MPecca W XapaKTep MEKBHIOBBIX B3aMMOJICHCTBUI B KOJMOHUIX NTHI. OnpeneneHb
OCHOBHBIC HAIPABJICHUS BO3JICUCTBHS YEIOBCUCCKON NEATECIBHOCTH HA OCTPOBHBIX MTHIL. [IpoBeneH
aHaJIM3 COMPSDKCHHOCTH COBMECTHO FHE3/ISIIUXCS MITHII OCTPOBOB.

Kniouesvie cnosa: ocmpoea, coobwecmea nmuy, aHMPONOSEHHbIIL NPecc, MedNC8UO08ble
83aUMOOCUCMBUS, AHAIU3.

The islands are the plots with large bird concentration during their migrations and
breeding. The islands themselves possess the high vulnerability and restricted possibilities of
resilience. On the other hand, they are characterized as the excellent model plots for the
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monitoring and management, by virtue of their limited territory and high concentration of
colonially nesting waterfowl.

In the considered region, the small marine continental islands and spits together with
numerous alluvial islets of the bays, estuaries, and saline lakes have the maximum carrying
capacity for the breeding bird communities. The number of birds breeding on the islands comprises
more than 50 % from the total regional amount; moreover, the alluvial and continental islands
provide breeding habitats for 15,7 % of all non-Passerines birds within the region (Siokhin, 1996).

Several bird species are listed in the European List of the Rare and Threatened Birds,
among them Great Black-headed Gull Larus ichthyaetus, Mediterranean Gull Larus
melanocephalus, Slender-billed Gull Larus genei, Gull-billed Tern Gelochelidon nilotica,
Caspian Tern Hydroprogne caspia, Sandwich Tern Thalasseus sandvicensis, Common Tern
Sterna hirundo, and Little Tern Sterna albifrons. The Great Black-headed Gull and Caspian
Tern are also included in the Red Data Book of Ukraine (Shcherbak, 1994).

Thus, for the successful island management and conservation it is necessary to
establish the main factors, caused the dispersion and quantity of the breeding birds.

MATERIAL AND METHODS

The field data were collected during the breeding seasons of 1993-2000, conducting
the regular observations in constant monitoring plots of the Sivash and Azov-Black Sea
coast. Some 30 islands with total area more than 700 ha were inspected. The annual counts
of the colonially nesting birds were conducted by two methods (Mikityuk, 1997):

— the method of the absolute count of birds in the colonies (for the small colonies);

— the method of partial count: complete calculation of nests was performed only for the part
of colony and then it was extrapolated to the entire territory (we used this in the large colonies).

The islands’ areas were determined by own measurements. For the islands with
annual fluctuations of areas and configurations, we took the data from the topographic
maps of 1993, scale 1:50000. The vegetation pattern was studied by transect method with
registering of the specific composition, dominant associations, vegetation cover and plants’
height. The interrelation between the specific diversity of bird communities and island
parameters was estimated by the multivariate regression analysis (SYSTAT, 1989).

RESULTS AND DISCUSSION

Anthropogenic pressure

The number of island birds in the Azov-Black Sea region is subjected to the considerable
oscillations, caused by various factors. Each breeding settlement has the specific set of factors
and pattern of their actions. The distribution, structure and fluctuation of the breeding birds are
caused by the anthropogenic impact, the habitat conditions on the islands, the interspecific and
intraspecific interplays, the weather conditions, and the terrestrial predators.

We estimated that the anthropogenic factors have primary impact on the breeding island
communities. The majority of the colonies are situated within the area of intensive economic
utilization; moreover, even the protected territories are influenced by human disturbance. The
general decline of the economic situation and decreasing of the living standards of the local
people have negative effect on bird colonies. We determined the following directions of straight
anthropogenic press:

— the periodic human presence on the islands during the nesting period decreases the
breeding success in the colonies of Slender-billed gull, Great Black-headed Gull, Little tern;

— the active human utilization of island reed associations completely reduces breeding
habitats of herons and egrets;

— in the places of the intensive fish catch the fishermen eliminate the colonies of the
Cormorant Phalacrocorax carbo;

— the active nest robbing and eggs’ collecting in the colonies of Yellow-legged gull by
the local people on Chongar islands. Is has the indirect threat for the only Sivash colony of
Caspian tern and Great black-headed gull, breeding on these islands;
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— the human disturbance within the breeding period provokes the predation of
Yellow-legged gull that in turn leads to the decrease in number of other species and their
extinction at breeding sites;

— the spreading of the Cormorant to the new islands, following the elimination of its
colonies by fishermen, causes the significant turnover of rare island species;

— the human disturbance leads to the increase of nestlings’ mortality in the gulls
colonies from overheat.

Anthropogenic pressure is the drastic threat for Kentish plover, Avocet,
Opystercatcher, Redshank Tringa totanus, Great Black-headed gull and Caspian tern, which
are characterized by low numbers subjected to the sharp fluctuations.

Indirect anthropogenic effect

The rural and fisheries usually have integrated influence on all the waterbirds and are
differentiated by their power, duration, and regularity of influence. They influence the quality
and carrying capacity of the breeding biotopes, dynamics of birds’ number, food chains
structure, and forage value of habitats. We determined its action by the following directions:

— the runoff of fresh water into the shallow lagoons and the bays from the irrigated
fields, paddy fields and fish ponds;

— the formation of the new landscapes due to the network of the fisheries and areas of
paddy culture;

— the accumulation of toxic chemicals and other agrochemicals in the water reservoirs;

— the plowing of the coastal areas and aquiculture activity, which leads to the
destruction of feed biotopes and breeding colonies.

To estimate the effect caused by the discussed factors on the number and distribution
of the nesting birds, we analyzed the islands by two methods. We performed the regression
analysis of the number of species and the island area. For the convenience of calculations
and unification of the results, we expressed all the data in the logarithmic scale; we took the
initial data for the areas of islands in the hectares. After analysis we divided all the islands
into two groups — with low and high degree of the anthropogenic pressure. According to
island theory (McArthur, 1967), the values that characterize the most suitable habitats are
situated above the regression line and correspond to the islands with the higher number of
species per area unit (figure).
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The log species-area plot for all islands
(—) are the islands with high degree of anthropogenic impact;
(+) are the islands with low degree of anthropogenic impact.
Equation of the regression: the number of species = 0.71 + 0.13 * island area (R* = 71.60 %, r = 0.85)
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The regression line shows the relatively identical scatter of values for the islands with
the different degree of anthropogenic press, but the values of islands with the lower degree
are arranged more higher above regression line (R* = 3.86; r < 0.05, One-Way ANOVA).
The number of species per area unit is more for the islands with low level of the
anthropogenic pressure, which indicates its importance in the distribution of bird species.

Characteristic of interspecific interrelations in the colonies of birds

For the purpose of the explanation of the pattern of bird distribution among the
islands and island groups the analysis of their contingency by the «chi-square» (}2)
criterion was performed:

%2 =[(ad-bc) - 0.5F)]* * F/ [(a+ b) (a+¢) (b +d) (c + d)],

where a — is the number of the islands, where both species breed; b — number of the
islands, where species a breeds; ¢ — number of the islands, where species b breeds; d —
number of the islands, where nor a neither b species breed; F — number of the analyzed
islands (n = 30).

This criterion illustrates the probability of the independent or conjugated distribution
of two species within the community. The higher the value the greater the probabilities of
these species to exist mutually; the low value of the criterion determines the negative
contingency and characterizes the tendency of species to live separately (table).

The coefficients of contingency for the Laridae breeding species
The abbreviated names of the birds in the columns correspond to the names in the lines
with the same serial number. Values are statistically significant at p < 0.05

Species Largen Larcac | Gelnil | Stehir | Thasan Stealb

1. Larus melanocephalus 391 0.31 2.81 0.95 4.96 0.84
2. Larus genei - 0.32 1.10 4.44 5.26 1.46
3. Larus cachinnans 0.32 - 0.07 0.01 0.001 0.19
4. Gelochelidon nilotica 1.10 0.07 - 0.13 0.69 1.46
5. Sterna hirundo 4.44 0.01 0.13 - 2.33 8.65
6. Thalasseus sandvicensis 5.26 0.001 0.69 2.33 - 4.25
7. Sterna albifrons 1.46 0.19 1.46 8.65 4.25 -

The Great Black-headed Gull and Caspian Tern are not included to this table due to
their mono-specific colonies and distribution pattern.

CONCLUSIONS

According to this index the species are divided into three groups of bird pairs —
complete disconjugacy or the repulsion, independent distribution, complete contingency or
the coincidence:

1. Yellow-legged Gull and all the species, except for the Slender-billed gull and
Mediterranean gull; Mediterranean gull and Common tern; Mediterranean gull and Little
tern; Sandwich tern and Gull-billed tern.

2. Slender-billed gull and Gull-billed tern; Slender-billed gull and Little tern;
Common tern and Sandwich tern; Little Tern and Gull-billed Tern.

3. Slender-billed gull and Common tern; Little tern and Common tern; Sandwich tern
and Slender-billed gull.

The species of the second and third group usually form mixed colonies and breed
mutually on one island without essential effect on each other; the species of the first group
are characterized by the most intensive interspecific interrelations, their mutual existence
on one island is almost impossible.
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Просторовий розподіл колоніальних Сивкоподібних, що гніздяться 


НА ОСТРОВАХ АЗОВО-ЧОРНОМОРСЬКОГО РЕГІОНУ УКРАЇНИ


Виконано аналіз ключових чинників, що визначають поширення деяких Сивкоподібних птахів на островах Азовського і Чорного моря. Детально вивчено вплив антропогенного пресу та характер міжвидових взаємодій у колоніях птахів. Визначено основні напрямки впливу людської діяльності на острівних птахів. Проведено аналіз спряженості птахів, що спільно гніздяться на островах.


Ключові слова: острова, угруповання птахів, антропогенний прес, міжвидові взаємодії, аналіз.
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ПРОСТРАНСТВЕННОЕ РАСПРЕДЕЛЕНИЕ КОЛОНИАЛЬНО ГНЕЗДЯЩИХСЯ РЖАНКООБРАЗНЫХ НА ОСТРОВАХ АЗОВО-ЧЕРНОМОРСКОГО РЕГИОНА УКРАИНЫ


Выполнен анализ ключевых факторов, определяющих распространение некоторых Ржанкообразных птиц на островах Азовского и Черного моря. Детально изучено влияние антропогенного пресса и характер межвидовых взаимодействий в колониях птиц. Определены основные направления воздействия человеческой деятельности на островных птиц. Проведен анализ сопряженности совместно гнездящихся птиц островов. 


Ключевые слова: острова, сообщества птиц, антропогенный пресс, межвидовые взаимодействия, анализ.

The islands are the plots with large bird concentration during their migrations and breeding. The islands themselves possess the high vulnerability and restricted possibilities of resilience. On the other hand, they are characterized as the excellent model plots for the monitoring and management, by virtue of their limited territory and high concentration of colonially nesting waterfowl. 


In the considered region, the small marine continental islands and spits together with numerous alluvial islets of the bays, estuaries, and saline lakes have the maximum carrying capacity for the breeding bird communities. The number of birds breeding on the islands comprises more than 50 % from the total regional amount; moreover, the alluvial and continental islands provide breeding habitats for 15,7 % of all non-Passerines birds within the region (Siokhin, 1996). 


Several bird species are listed in the European List of the Rare and Threatened Birds, among them Great Black-headed Gull Larus ichthyaetus, Mediterranean Gull Larus melanocephalus, Slender-billed Gull Larus genei, Gull-billed Tern Gelochelidon nilotica, Caspian Tern Hydroprogne caspia, Sandwich Tern Thalasseus sandvicensis, Common Tern Sterna hirundo, and Little Tern Sterna albifrons. The Great Black-headed Gull and Caspian Tern are also included in the Red Data Book of Ukraine (Shcherbak, 1994). 


Thus, for the successful island management and conservation it is necessary to establish the main factors, caused the dispersion and quantity of the breeding birds. 


MATERIAL AND METHODS

The field data were collected during the breeding seasons of 1993–2000, conducting the regular observations in constant monitoring plots of the Sivash and Azov-Black Sea coast. Some 30 islands with total area more than 700 ha were inspected. The annual counts of the colonially nesting birds were conducted by two methods (Mikityuk, 1997): 


– the method of the absolute count of birds in the colonies (for the small colonies); 


– the method of partial count: complete calculation of nests was performed only for the part of colony and then it was extrapolated to the entire territory (we used this in the large colonies). 


The islands’ areas were determined by own measurements. For the islands with annual fluctuations of areas and configurations, we took the data from the topographic maps of 1993, scale 1:50000. The vegetation pattern was studied by transect method with registering of the specific composition, dominant associations, vegetation cover and plants’ height. The interrelation between the specific diversity of bird communities and island parameters was estimated by the multivariate regression analysis (SYSTAT, 1989). 


RESULTS AND DISCUSSION

Anthropogenic pressure


The number of island birds in the Azov-Black Sea region is subjected to the considerable oscillations, caused by various factors. Each breeding settlement has the specific set of factors and pattern of their actions. The distribution, structure and fluctuation of the breeding birds are caused by the anthropogenic impact, the habitat conditions on the islands, the interspecific and intraspecific interplays, the weather conditions, and the terrestrial predators. 


We estimated that the anthropogenic factors have primary impact on the breeding island communities. The majority of the colonies are situated within the area of intensive economic utilization; moreover, even the protected territories are influenced by human disturbance. The general decline of the economic situation and decreasing of the living standards of the local people have negative effect on bird colonies. We determined the following directions of straight anthropogenic press: 


– the periodic human presence on the islands during the nesting period decreases the breeding success in the colonies of Slender-billed gull, Great Black-headed Gull, Little tern; 


– the active human utilization of island reed associations completely reduces breeding habitats of herons and egrets; 


– in the places of the intensive fish catch the fishermen eliminate the colonies of the Cormorant Phalacrocorax carbo; 


– the active nest robbing and eggs’ collecting in the colonies of Yellow-legged gull by the local people on Chongar islands. Is has the indirect threat for the only Sivash colony of Caspian tern and Great black-headed gull, breeding on these islands; 


– the human disturbance within the breeding period provokes the predation of Yellow-legged gull that in turn leads to the decrease in number of other species and their extinction at breeding sites; 


– the spreading of the Cormorant to the new islands, following the elimination of its colonies by fishermen, causes the significant turnover of rare island species; 


– the human disturbance leads to the increase of nestlings’ mortality in the gulls colonies from overheat.

Anthropogenic pressure is the drastic threat for Kentish plover, Avocet, Oystercatcher, Redshank Tringa totanus, Great Black-headed gull and Caspian tern, which are characterized by low numbers subjected to the sharp fluctuations. 


Indirect anthropogenic effect


The rural and fisheries usually have integrated influence on all the waterbirds and are differentiated by their power, duration, and regularity of influence. They influence the quality and carrying capacity of the breeding biotopes, dynamics of birds’ number, food chains structure, and forage value of habitats. We determined its action by the following directions: 


– the runoff of fresh water into the shallow lagoons and the bays from the irrigated fields, paddy fields and fish ponds; 


– the formation of the new landscapes due to the network of the fisheries and areas of paddy culture; 


– the accumulation of toxic chemicals and other agrochemicals in the water reservoirs; 


– the plowing of the coastal areas and aquiculture activity, which leads to the destruction of feed biotopes and breeding colonies. 


To estimate the effect caused by the discussed factors on the number and distribution of the nesting birds, we analyzed the islands by two methods. We performed the regression analysis of the number of species and the island area. For the convenience of calculations and unification of the results, we expressed all the data in the logarithmic scale; we took the initial data for the areas of islands in the hectares. After analysis we divided all the islands into two groups – with low and high degree of the anthropogenic pressure. According to island theory (McArthur, 1967), the values that characterize the most suitable habitats are situated above the regression line and correspond to the islands with the higher number of species per area unit (figure). 
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The log species-area plot for all islands

(–) are the islands with high degree of anthropogenic impact; 

(+) are the islands with low degree of anthropogenic impact. 

Equation of the regression: the number of species = 0.71 + 0.13 * island area (R2 = 71.60 %, r = 0.85)

The regression line shows the relatively identical scatter of values for the islands with the different degree of anthropogenic press, but the values of islands with the lower degree are arranged more higher above regression line (R2 = 3.86; r < 0.05, One-Way ANOVA). The number of species per area unit is more for the islands with low level of the anthropogenic pressure, which indicates its importance in the distribution of bird species. 


 Characteristic of interspecific interrelations in the colonies of birds


For the purpose of the explanation of the pattern of bird distribution among the islands and island groups the analysis of their contingency by the «chi-square» (²) criterion was performed: 


² = [(ad-bc) - 0.5F)]2 * F / [(a + b) (a + c) (b + d) (c + d)],

where a – is the number of the islands, where both species breed; b – number of the islands, where species a breeds; c – number of the islands, where species b breeds; d – number of the islands, where nor a neither b species breed; F – number of the analyzed islands (n = 30).

This criterion illustrates the probability of the independent or conjugated distribution of two species within the community. The higher the value the greater the probabilities of these species to exist mutually; the low value of the criterion determines the negative contingency and characterizes the tendency of species to live separately (table). 


The coefficients of contingency for the Laridae breeding species


The abbreviated names of the birds in the columns correspond to the names in the lines 
with the same serial number. Values are statistically significant at p  0.05

		Species

		Largen

		Larcac

		Gelnil

		Stehir

		Thasan

		Stealb



		1. Larus melanocephalus

		3.91

		0.31

		2.81

		0.95

		4.96

		0.84



		2. Larus genei

		–

		0.32

		1.10

		4.44

		5.26

		1.46



		3. Larus cachinnans

		0.32

		–

		0.07

		0.01

		0.001

		0.19



		4. Gelochelidon nilotica

		1.10

		0.07

		–

		0.13

		0.69

		1.46



		5. Sterna hirundo

		4.44

		0.01

		0.13

		–

		2.33

		8.65



		6. Thalasseus sandvicensis

		5.26

		0.001

		0.69

		2.33

		–

		4.25



		7. Sterna albifrons

		1.46

		0.19

		1.46

		8.65

		4.25

		–





The Great Black-headed Gull and Caspian Tern are not included to this table due to their mono-specific colonies and distribution pattern. 


CONCLUSIONS

According to this index the species are divided into three groups of bird pairs – complete disconjugacy or the repulsion, independent distribution, complete contingency or the coincidence: 


1. Yellow-legged Gull and all the species, except for the Slender-billed gull and Mediterranean gull; Mediterranean gull and Common tern; Mediterranean gull and Little tern; Sandwich tern and Gull-billed tern. 


2. Slender-billed gull and Gull-billed tern; Slender-billed gull and Little tern; Common tern and Sandwich tern; Little Tern and Gull-billed Tern. 


3. Slender-billed gull and Common tern; Little tern and Common tern; Sandwich tern and Slender-billed gull. 


The species of the second and third group usually form mixed colonies and breed mutually on one island without essential effect on each other; the species of the first group are characterized by the most intensive interspecific interrelations, their mutual existence on one island is almost impossible.  
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