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INTRODUCTION

Basic assumptions

The primary aim of the present paper is to analyse the observations record-
ed within the territory of Poland and concerned with migrations and noma-
dic movements of the Caspian Tern, Hydroprogne caspia (PALL.). The author
has included, beside his own material, collected in such a way that specified
parametres were born in mind, also historical materials covering the XIXth
century as well. Thus the author will discuss here not only problems connected
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with the modification of migration routes followed by this species, but he will
also deal with numerous problems concerned with the biology of migration
period, activity in its daily cycle, social structure, and factors affecting the
choice of migration routes. The last of these problems, much wider than the
others as it goes beyond the field of the biology of migrations effected by one
species, will initiate the series treating of the space orientation displayed by
species migrating along water routes.

State of the studies in Poland

The interest in the Caspian Tern has increased in the last decade not only in
Poland but also in Europe. We are constantly reminded about that by the incre-
asing number of publications on the subject. H. caspia has occupied for the
last two decades in the Polish ornithofauna the position of a transmigrant —
thus it is high time to investigate this species more carefully. For the first
time this species was more closely analyzed by DoBROWOLSKI (in litt.). And
it was he who drew up a detailed list of all the recorded observations carried
out either in the XIXth or in the first half of the XXth century together with
their historical and zoogeographical analysis. So I shall skip here the descrip-
tion of the earlier literature which was exhaustively related by DoOBROWOLSKI
(in litt.).

The first reports published after the war (BieLewrcz, 1948, 1949; URBAXSKI, 1956;
Work, 1958; DoBrROWOLSKI, 1959 a, b; JURCZYK, 1959; Zassc, 1960) indicated the increasing
occurence of the Caspian Tern in Poland, and particularly on the coasts of the Baltic. At
the beginning of the sixties this species was already frequently recorded as a transconti-
nental migrant in the depth of the country which was pointed out by Swirskr (1959, 1964),
JO6zEFIK and SWIRSKI (1961), LuN1Ak (1963, 1964). In the next years there were even more
recordings and reports presenting them as observed in the coastal belt (BieX, DOBROWOLSKI,
SKo0zYLAS, 1961; DyYRrCcz, 1963; Busse and JABLONSKI, 1964; ZArjzc, 1964) as well as in-
side the country (CzarNECKI, 1962, 1963; DOBROWOLSKI, 1964; LEWANDOWSKI, 1964;
LuNiAag, KALBAROZYK, PAwrowski, 1964; Dyrcz, Tomiarosé, 1964; Kozrowskr, 1967;
TomrazroJsé, 1967).

Faunistic materials are continually supplemented with observations on the biology.
There have been already published some papers treating the subjeet more generally. Even
DomMANIEWSKI (1921) and DuNasewskr (1938) were still struck by the exceptional rarity
of this species on the Vistula. TIscHLER’S data (1941) indicated that H. caspia started oceur-
ring more frequently in the Mazurian Lakes as late as after 1930. The role of the Vistula
as a migrating route for the Caspian Tern was pointed out by Jurczyx (1959), SWIRSKI
(1959, 1964) and Lu~NIak (1963, 1964), while DoBrowoLskr (in litt.) suggested that the
Vistula and the Bug river might constitute one of the migration by-routes for the Baltic
population.

JUurozyK concluded (1959) that the autumn flight along the Vistula comprises, as
a matter of fact, two waves: the first, not so well attended, falls on July and the first half
of August, while the second wave starts in the second half of August and lasts till the begin-
ning of October. Other interesting observations were recorded by UrBANSKI (1956) in the
Western Pomerania, and DoBrROWOLSKI (1964) who considered the role of the Caspian Tern
in the biocenosis of the Vistula ornithofauna. However the bulk of the materials collected
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in the last decade in Poland has not yet been published or used for the purposes of a work
more general in character. In the present publication the author has attempted to sum up
the material of observations particularly from the depths of the land, parallelly with the
processing of the material collected according to a special programme and concerned with
the biology of autumn migrations.

The author wishes to express his gratitude for placing at his disposal materials used
subsequently in his statistical analysis to Dr A. K. DosrowoLski, Dr M. LuNiak, J. B.
Szczepski, A. Jurczyk, Dr B. JaBroXski, Dr L. TomiarLosé, Z. Swirskr M. Se.,
Cz. Niteckr M. Se., Dr P. Busse, Dr R. Zaspc, Dr M. GromaDzKI, Dr S. STRAWINSKI,
J. GorzmaN M. Sc., Dr Z. Pierowskr, Dr B. Szunc-Orecuowa, N. Swiray, W. S1wek, and
W. Wasowicz. Besides I should like to express my grateful thanks to Dr M. LuNIAK, J.
Lankowskr, J. Truszkowskr M. Se., J. DESSELBERGER, and K. DuniSskr for their assi-
stance with the field realization of the series.

MATERIAL AND METHODS

Material characterized

The paper is based on the 423 recordings of the Caspian Tern in Poland
from the years 1800-1966. Out of this number, 28.4°/, of the recordings consti-
tute the material gathered by the author in the years 1960-1966 on the middle
and lower San, and at the mouth of this river and in the middle reaches of
the Vistula in particular. Published data collected from the literature make
up only 23.9°/,, while the unpublished data supplied to me by fellow-ornitho-
logists make up as much as 47.7°/,.

As a recording of the Caspian Tern I consider a single observation of one individual
or a flock, disregarding the size of it. Repeated observations recorded in the course of one
day which are known, or are suspected with considerable probability, to concern one and
the same individual, are obviously qualified as one recording. Materials found in the litera-
ture and including statements more general in character (e.g. regularly observed, recorded
every year, recorded very often, ete.) have not been considered for the purposes of the pre-
sent analysis.

Field methods

Observations were recorded while sailing down the San and the Vistula. Stationary
observations were carried out only at the mouth of the San (August-September 1961, April
1963) — in all, 546 hours of observing. They consisted in the unceasing control of the San
section at the mouth and the length of the Vistula in this region from dawn (4°°) to the mo-
ment when complete darkness falls (20%). Each observation included the following data:
1) number of birds, 2) character of the grouping (family, compact flock, loose flock, dispers-
ed, single individuals, character of contacts and voice signalling), 3) altitude of the flight,
4) plotting the line of the flight on a map of the area which yielded such data as: direction
and character of the flight (directions N, 8, the San, the Vistula, straight-line flight, cir-
cuitous flight-penetrating), 5) time of the observation, 6) local atmospheric conditions
(air temperature, direction of wind, its speed on the Beaufort Scale, degree of overcasting
according to a 10° scale).
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CHARACTER OF OCCURRENCE IN POLAND

Dynamics of frequency

More intensive frequency of . caspia in the last decade in Poland is a new
phenomenon and it is closely connected with the following factors: a) expan-
siveness of the species in the direction of the north-eastern regions of the
Baltic, b) general numerical increase of the Baltic population, e¢) change of
migration routes from maritime to transcontinental. These problems will be
dealt with in greater detail in another publication concerned with modifica-
tions of migration routes followed by H. caspia in Europe. There the author
will closely analyse the problem of a possible correlation between an increase
in the number of observers and the number of recordings, and the numerical
increase of the population in their breeding-sites.

The occurrence of H. caspia in Poland in its faunistic aspect gains momen-
tum only after 1930. In view of the 423 recordings considered for the purposes
of the present paper (which leaves aside a number of unpublished observations
carried out in the coastal region) only 0.71°/, were collected before 1900, and
5.43°/, by 1930 (diagram 1). 8.04°/, of the recordings were added in the next
20 years, and the frequency sharply increased only in the years 1950-1960 —
the Caspian Tern becomes a regularly observed transmigrant in the coastal
region, along the Vistula and some of its right-side tributaries in the upper
reaches (e.g. the San). As many as 41.6°/, of the recordings fall on the decade
mentioned. A further increase in the frequency occurred in the years 1961-1966
— 44.91°/, of the total number of recordings (!). The frequency dynamiecs of
H. caspia for the last two centuries is presented in diagrams 1 and 2.

Frequency in the northern and southern regions of the country

Diagram 1 presents the percentage distribution of recordings in the north-
ern and southern parts of Poland — a conventional frontier between them
runs along the 52°30' line of northern latitude. And it becomes striking that
the Baltic population has consisted of transcontinental migrants only in the last
two decades. There can be certain doubts whether the increase in the fre-
quency of H. caspia is only apparent, correlated, for example, with an increase
in the number of observers in Poland. As I have mentioned earlier the problem
will be considered in greater detail in another publication, and for the present
I shall have to use only data indicating an absolute increase in the Baltic po-
pulation, thus in a way dispersing the fears presented (AuMEES, 1961; BANCKE,
BErRGMAN et all.,, 1960; CUrRY —LINDAHL, 1960; KuMmArIi, 1958; MAYAUD,
1956; Nikrus, 1959; ROoOTSMIJAE, 1959).

It can not be denied, however, that the intensity of observations affects
in a clear-cut way the course of the frequency curves. This is obviously sup-
ported by the two falls in the curves (diagram 1) recorded for the periods of
the first and second World War.
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42.3°/, of the observations were recorded in the southern regions of the
country. And when we consider that of the 33.3°/, of the observations from
the northern part of the country, the majority of them were recorded in the
coastal region, then this considerable southern percentage indicates a signi-
ficant rise in importance of transcontinental routes.
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Graph 1. Distribution of H. caspia recor- Graph 2. Distribution of H. caspia recor-
dings in Poland in the last 100 years. The dings in Poland in different seasons. The
vertical axis — number of recordings in vertical axis — per cent of recordings in
per cent in relation to their total number relation to their total number; the horizon-
in each category: the horizontal axis — tal axis — years; A — recordings in the
years; A — northern part of Poland; B — following months: March, April, and May;
southern part of Poland; ¢ — general B — recordings in June and July; ¢ —
distribution of recordings for Poland recordings in August, September, and
(n = 423). October (n = 423).

Role of the Vistula and inland bodies of water

48.7°/, of the observations within the area of Poland were recorded along
the Vistula. It seems that the river gained the importance of a large migration
route, which can be undoubtedly connected with the growth of Finnish and
Estonian colonies of the Caspian Tern (AuMEES, 1961; KuMmARrr, 1958; NIKLUS,
1959). We can quote for the sake of comparison that the other inland bodies
of water collected only 18.0°/, of the recordings. Particularly significant seems
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the fact that the species along the Oder is usually neglected by the observers,
although at some places along this river H. caspia was not unfrequently observed.
For example, on Lake Kunickie it was recorded 21 times in the years 1960-1965
(according to L. ToMIAnos@’s data).

It is characteristic that H. caspia reaches inland lakes. Besides lakes near
Legnica, it was also recorded on Lake Goplo (CzArNECKI, 1962), Lake
Northern Mamry (LEWANDOWSKI, 1964), Lake Kruklin (J0ZEFIK, SWIRSKI, 1961),
and some others.

Crossing the Carpathian arc

Down to the mouth of the San H. caspia seems to keep to the Vistula.
A high percentage of recordings along the San (7.56°/,), as well as observations
on the southern side of the Carpathians, e.g. the Vah river (FErIANc, 1950,
1964; MATOUSEK, 1958) indicate the penetration of H. caspia along the Car-
pathian tributaries of the Vistula to the southern side of this mountain range.
This however has not yet been sufficiently supported by facts. There are other
premises enabling to conclude that a small percentage of Caspian Terns mi-
grating along the Vistula reaches the south by way of the Moravian Gate.
It is characteristic that Kozrowskr (1967) carrying out his observations (2
years) along the Vistula in the vicinity of Cracow (from 1st of October 1962
to 1st of October 1964) did not record H. caspia at all. The lack of recordings
in autumn up the San from Przemy§l seems to indicate that the species is
abandoning the valley of the San just behing the place where the river turns
into the Przemy$l gate and tries to penetrate towards the south-east to the
Dniester valley. This thesis seems to be supported by the returns of individuals
shot along the Dniester in the regions of Lvov, Drohobytsch and Vinnitsa
(SHEVAREVA, 1962). The collection of more copious materials will enable to
analyse this interesting subject, so important for inland migrations of H.
caspia, more deeply.

Role of maritime routes

A relatively high percentage of recordings in the coastal region (33.3%/,)
indicates two facts significant for the biology of the Baltic population: a) se-
parate groups of individuals, before setting out on their proper transconti-
nental migration in the post-breeding period, remain for a longish period of
time in the vicinity of the seashore in the so called post-breeding sites (cf.
page 12), b) the coastline of the Baltic, together with inland water routes,
is still quite a significant migration route.

FREQUENCY IN THE ANNUAL CYCLE

Frequency of recordings in separate seasons

Diagram 2 presents the frequency of H. caspia recordings in separate sea-
sons. These are the salient points: a) obscure differences in the frequency of
spring and autumn recordings in the period to 1920, b) the same frequency
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of spring and summer recordings in the phase of a gradual general increase
in the population numbers and a gradual preponderance of autumn recordings
(till 1960), ¢) a relative decrease in the number of summer recordings charac-
teristic for the last decade against the background of a considerable general
increase in autumn and spring recordings. The situation presented in diagram 2,
even without considering additional facts and materials, can lie taken as re-
flecting the ecological situation of H. caspia in the Baltic sites. Disregarding
here the obvious significance of the absolufe increase in the number of recor-
dings, the increasing discrepancy, in separate decades, between the number
of autumn and spring recordings underlines the growth of the productivity
of the Baltic population. The relative decrease in the number of summer re-
cordings lends authority to the suggestion that a larger number of individuals
are getting adapted to mnesting in the north. Thus the improvement in the
ecological situation of H. caspia in the northern and eastern regions of the
Baltie, repeatedly stressed by various authors (BERGMAN, 1953; MAYAUD,
1956; NIKLUS, 1959), has repercussions for the picture of frequency of this
species in Poland.
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both frequency of individuals and frequency of recordings, falls on 25th of
April. Differences between northern and southern parts of Poland, and those
between the all-Polish average values and northern and southern ones, are
statistically insignificant. Judging by the values of standard deviations (Tab. 1),
the Caspian Tern flies faster over the southern regions than over the northern
ones. Most certainly longer breaks in the flow of transmigrants are caused by
spring storms over the Baltic, and also by a tendency displayed by the northern
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part of Caspian Terns to summer at the Polish coasts. This is clearly indicated
by the distribution of the frequency of recordings (diagr. 3) — while in the
second half of May the number of recordings, as opposed to the frequency
of individuals, decreases continually. Hence the obvious conclusion — sum-
mering individuals join in larger flocks. The curves of the diagram mentioned
indicate that in the culminating part of the migration the birds fly in flocks.
Starting from the last ten days of April, and particularly in the first ten
days of May, Caspian Terns display weaker tendencies to flying in flocks which
(can be explained by the fact that some of them pair off (cf. page 27).

Table 1. Characteristic of spring and autumn migrations of Caspian Tern, H. caspia (PALL.)

in Poland.
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Autumn migrations

Significant statistical differences were recorded between average migration
data over the north and south of the country, as well as between the average
all-Polish value and the average values for the south and north of Poland
(for the frequency of individuals I have taken 0.99 as the level of confidence,
while for the frequency of recordings — 0.95) (Tab. 1).
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quency of individuals; B — number of recordings (n4 = 488, np = 122).
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As it follows from the statistical analysis of the observations (Tab. 1, dia-
grams 4-6) only 10°/, of Caspian Terns migrate by 1st August, 25°/, by 7th
August, more than 50°/, about 20th August, and 90°/, till 10th September
(cf. ogives in diagram 4).

A general distribution of autumn migrations assumes the shape of a typical
Gaussian curve with the all-Polish average date falling on 21st August in
relation to the frequency of individuals, and 23rd August in relation to the
frequency of recordings. The shift of the frequency of individuals curve (A4)
in relation to the frequency of recordings curve (B), regular shape of the distri-
butions and their wide range enable us to suppose that a part of the Caspian
Tern population, beside the migration proper, carries out nomadic move-
ments connected with longer stays in suitable biotops. This is most clearly
suggested by statistically significant differences (7-9 days) between average
values for the Baltic coast and other northern parts of the country, and ave-
rage values for the southern regions.

Diagrams 5 and 6 enable to grasp the essence and learn the character of
migrations. The first wave of migrating Caspian Terns, with the peak falling
on 3rd August (diagr. 5), appears on the Polish coast in the first days
August. Shortly afterwards this wave moves inside the country and reaches
after 15 days the southern regions of Poland (diagr. 6). After 10th August
an increasing inflow of migrants in the north constitutes the second wave.
A considerable part of individuals from this wave stay for at least 5-10 days
on the Polish coast, and in the period 15-20th August they join in larger
flocks. After 25th August the frequency of individuals decreases sharply,
but the frequency of recordings stays on the same high level, and it is lowered
only after 15th September. This indicates the intensity of migration in the
north, after 25th August, displayed by the second wave lasting nearly
a month. As there is only an insignificant shift of the phase of the second wave
in the south as compared with the north (difference of 6 days) — this can be
explained by the faster migrations of Caspian Terns in the north between
10th and 20th August, and also by the migration of large part of birds from
the second wave probably following the already traditional sea route. This
conclusion is still more supported when we compare the final sections of the
curves from diagrams 5 and 6 (i.e. after 15th September).

Also other conclusions can be put forward on the basis of a comparison
of the two diagrams: 1) the structure of the first wave is comparatively simple —
birds migrate in families without a clear-cut tendency to join in more concen-
trated groups. These birds are obvious transcontinental migrants flying at an
average speed of 40-50 km per day*, 2) picture of the second wave in the

* This speed can be caleculated by dividing the difference between the peak of the 1st
wave in the north and south (15 days) by the distance, e.g. between the mouth of the Vistula
and the mouth of the San (662 km), whence the bulk of our data are derived.
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north of the country is more complicated — here we can detect tendencies
to concentrations and local nomadic movements. The “final” part of this
wave most probably migrates along the coast. This would seem to be indicated
by the size of the first and second wave, e.g. on the Vistula in the region of
the mouth of the San (1961) (diagr. 8), as compared with the size of these
waves in the northern regions of Poland (diagr. 5).
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Graph 8. Autumn migration of H. caspia in 1961 in the region of the mouth of the San.

The vertical axis — per cent of recordings and frequency of individuals in relation to their

total number; the horizontal axis — months; 4 — frequency of individuals, B — frequency
of recordings (n4 = 207, np = 97).

Inasmuch as in the north regions the migrations of H. caspia are largely
connected with post-breeding nomadic movements but also with the summering
of a certain number of individuals along the coast (cf. page 14), then in the
southern regions this species is a typical transmigrant flying relatively fast
(cf. also the standard deviations for the north and south — Tab. 1), although
even here the flight is not devoid of a local nomadic character at times. This
is convineingly illustrated by diagram 7. It presents, in per cent, the frequency
of all Caspian Terns migrating southwards (S) and north-wards (N) in the
period 4th August —17th September, and observed at the mouth of the
San. Beside the two clear waves of migration, there can be spotted moments
characteristic for nomadic movements, i.e. swinging movements up (S) and
down (N) the Vistula and the San.

Comparing the second wave in the north (diagr. 5) and at the mouth of
the San (diagr. 7), we can notice that the moments of terminating the nomadic
movements coincide surprisingly in both the cases — at the turn of August
and September. Although the way of presenting the intensity of nomadic
movements illustrated in diagram 7 is undoubtedly more accurate than in
the case of diagram 5, where the intensity of nomadic movements can be
indirectly deduced from the ratio of the frequency of individuals to the fre-
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quency of recordings, it is possible to compare the results of the analysis of
the two diagrams. Summing-up, it should be stressed that the part of the
Baltie population flying across Poland in August, beside simply migrating,
carries out nomadic movements, but on the other hand those birds flying in
September display the features of typical transmigrants.
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Graph 9. Autumn migration of H. caspia in the horizontal axis — months;

1960 in the lower courses of the San and in A — frequency of individuals,

the middle courses of the Vistula. The rest B — number of recordings

as in graph 8 (n4 = 91, np = 39). (ng = 98, np = 34).

As there is shortage of more copious data, only those for the season of 1961
can be considered here. But it can be expected that conclusions which they
may suggest will not deviate much from the average state of things. It seems
to follow from diagram 7 that the occupation of an ecologically suitable river
section, in the case of nomadie stay, occurs already in an early phase of the
flight of the first wave at the beginning of August. As the peak of flight in the
northern direction is shifted in relation to the initial section of the curve re-
presenting flights in the southern direction, it is reasonable to suppose that
H. caspia carries out nomadic movements in the lower and middle courses of
the Vistula, but also up the San from its mouth. In the first wave of migration
the balance of flights showed the preponderance of direction S, but it was
more equal for the initial part of the second wave. This supplies evidence for
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another conclusion that the mieropopulation forming the second wave of mi-
gration and appearing on the Vistula in the last ten days of August can stop
altogether in its southern drive performing only local movements connected
with searching for food, sometimes even for quite a long time. In 1961 the
resolute flight southward followed the coming of a cold spell and deterioration
of weather (2nd September).

As compared with the coastal region where H. caspia can join in larger
groups while performing nomadic movements, they disperse rather evenly
along the Vistula without displaying a tendency to form groups. This is sup-
ported by the fact that the frequency of individuals and of recordings coincide
in all the diagrams characterizing migrations in the southern part of the country
(diagrams 6, 8, 9).

Summering

No Caspian Terns spending their summer in nomadic movements had been
recorded by 1920 along the Polish coasts. The frequency of summer recordings
in the coastal region increased particularly clearly after 1950 (cf. diagr. 2).
Diagram 10 presents the frequency of individuals (4) and the frequency of
recordings (B) observed in June-July in the northern part of the country.
All through June nearly the same numerical level persisted. Between 10th
and 20th July commenced the inflow of the first young and old individuals
which were the first to appear after the termination of the breeding period.
In the last ten days of July the inflow from the north intensified considerably —
this was the initial phase of the first wave of migration. Interesting obser-
vations were carried out by DOBROWOLSKI, SKOCZYLAS (1961) and ZAJAC
(1964) in the region of the peninsula of Hel and at the mouth of the Vistula.
They recorded in June and July separate pairs of adult individuals displaying
certain features of breeding behaviour. However they could not record any
positive attempts of nesting.

RHYTHM OF THE DAILY ACTIVITY

General picture of activity

Diagrams 11 and 12 present the course of daily activity (recordings of
birds in flight) along the lower course of the San and the middle course of the
Vistula in the period from 30th August to 10th September 1960 (curve
A — diagr. 11), at the mouth the San — from 4th August to 17th
September (curve B — diagr. 11), and on Mewia Rewa in the Bay of Puck
from 30th July to 6th August — materials supplied by Dr B. JABLOKSKI
(diagr. 12). A similar course of the curves indicates the regular character of
the phenomenon. Thus from dawn to 8 the activity is gradually intensified
and reaches its morning peak inside the countryside between 8° and 9°°, while
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along the coast between 9°° and 10°°. The mid-day break lasts from 11°° to 13°°
in the south, and from 12°° to 14°® in the north. The afternoon peak fell on 15°
inside the countryside, and on 18°° on the coast — thus the difference between
the countryside and the coast became more marked in the second half of the
day. Both in the countryside (17°°) and on the coast (19°°) the afternoon decre-
ase in activity preceded the pre-evening intensification which occurred at
about 19% in the south and at about 20° on the coast. One of the reasons for
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this discrepancy in the timing of activity recorded along the coast and at the
mouth of the San was the fact that observations on Mewia Rewa were carried
out in the vicinity of the sea-places where Caspian Terns rested and roosted.
Thus these peaks reflect the activity connected with joining in groups before
roosting or leaving the places of rest. And so in the course of 24-hours the
Caspian Tern has both during nomadic movements and while performing
migrations proper three peaks of locomotoric activity closely connected with

6

Graph 13. Group formation of
H. caspia in its |daily cycle
(1961 — the San -the Vistula).
The vertical axis — percenta-
ge participation of separate
group categories in relation
to the total number of recor-
dings; the horizontal axis —
hours; 4 — one individual,
B — twoindividuals, ¢ — three
individuals, D — groups of
more than four individuals
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the specified character of its biological functionality. As it will be discussed be-
low, a precisely determined sequence is preserved here which results in a daily
rhythm specific for this species, probably not much differing from the one
occurring in the period of wintering. Such course of the curves presenting the
activity of H. caspia is similar to the one recorded by DOBROWOLSKI (1950)
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when observing some other water-fowl species along the Vistula near Wyszo-
gréd in August 1952 and 1955, and by LuNIAk (1963) who observed Larus
ridibundus in the middle courses of this river.

On the basis of an analysis of different elements of behaviour, changing in the
course of daily cyecle, such as a) connections within the flock and the family (diagr-
ams 13, 14), b) altitude of flight (diagram 15), and ¢) its direction (diagrams 16
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Graph 15. Flight-altitude of H. caspia and the time of the day (1961, the San - the Vistula).

The vertical axis — percentage participation of individuals recorded in relation to their

total number within separate altitude categories; the horizontal axis — hours; 4 — flight
at the altitude of 20 m; B — up to 50 m; ¢ — 150 m (n = 101).
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and 17) I shall endeavour to reconstruct the biological essence of the rhythm
of activity. Three factors are here prominent: feeding, rest, and migrations
proper. The rest can be considered on the basis of the decrease in the locomotoric
activity (diagrams 11, 12), but we can conclude about feeding and migrations
only when analysing jointly the elements of behaviour mentioned above. The
most valuable, for the purposes of determining the type of activity, is the
characteristic of such parameters of flight as its altitude, direction and line
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\0’)——‘/ Graph 17. Balance of H. caspia
flight direction in its daily ecycle
50 50 (1960, 1961, the San —the Vistula).
; The vertical axis — (on the right)
S percentage participation of south-
25 75 ward flights within the given time
limit, (on the left) participation of
northward flights in the given time
0 - 00 limit; the horizontal axis — hours
699 822 1020 1290 17400 1620 1820 2000 (n = 148).

(straight flight, circuitous flight-penetrating). Birds searching for food use
only low-altitude, penetrating flight and then directions S-N are almost equi-
valent. Individuals appearing over the area as exclusively transmigrants usualy
fly straight ahead at a high altitude.

Morning peak of activity

Morning peak of activity in the countryside is characterized by dispersion
over the river being intensified until the mid-day break. Mostly they form
groups of two individuals (an adult individual and a young bird accompanying).
After finding food young birds separate from adult ones and search the feeding-
-ground on their own — before 12° the per cent of single birds reaches its
maximum (curve 4 — diagr. 14). The peak of feeding activity (low penetra-
ting flight, swinging 50 m in directions S-N) falls on the hour between 8°
and 9%, that is about four hours after sunrise. Comparing altitude and direc-
tions of flight presented in diagrams 15 and 16 we can notice that a conside-
rable per cent of birds fly southward between 9°° and 11° — and they fly at
the altitude of more than 50 m. As in the morning Caspian Terns fly higher
than in the afternoon (diagr. 15), and there are more southward flights, then
most probably also before 9% some part of Caspian Terns migrate south-
ward.
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Afternoon peak

The afternoon peak of activity (149°-16°0) is connected exclusively with
searching for food. In this period completely low flights predominate (altitude
up to 20 m) penetrating and food-searching (diagr. 15), while the difference
between S and N flights is then smallest. A considerable part of birds are still
dispersed although there is a tendency to join in flocks (diagr. 14). At about
16% the activity slightly subsides which is connected with resting after feeding
and more intensive digestion.

Pre-evening peak

The pre-evening peak (18°%-20°) differs from the two previous peaks.
A much smaller number of single individuals was recorded, but there was
an increase in the number of groups including more than 3 individuals, that
is flocks consisting of families. Dominating were flights higher than 50 m
(diagr. 15) and flights northward completely ceased (diagr. 16). This may sug-
gest a conclusion that the pre-evening activity is connected with a migrating
flight, and that the proper migration towards their wintering sites is carried
out in late afternoon and early evening hours. The fact that no northward
flights were observed after 18% seems to suggest that those birds which carry
out nomadic movements, i.e. still remaining within the area occupied, take
their rest. Whether this picture reflects the real state of things can be decided
by observations carried out in the late afternoon from a fast motor-launch.

The functions of daily rhythm

The proper southward migrations of the Caspian Tern do not coincide
with searching for food although they are carried over the water area used
in some hours of the day as a feeding ground. Migration flights, as opposed to
searching for food (10-30 m) occur at a higher altitude (about 80-100 m) and
are carried out twice daily in late morning and late afternoon hours. This is
best illustrated by diagram 17 which presents the percentage balance of north-
ward and southward flights for each hour of the day.

Separate characteristic features of the flight in H. caspia daily cycle depend
on its biological functions. Table 2 presents values of test y® showing the depen-
dence of flight altitude on the time of the day, on the directions of flight (S or N),
directions the San —the Vistula, and the character of flight (straight-line
flight, circuitous flight-penetrating).

Thus the altitude of flight depends on the time of the day (differences in
the character of activity peaks), and also on direction N—S (swinging flights
while searching for food). Co-dependence of the line and altitude of flight in
the light of the connections presented is obvious and does not require any
commentaries. On the other hand, the dependence of the altitude of flight on
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Table 2. Co-dependence of flight altitude and other elements
connected with H. caspia daily activity (the San, the Vistula —

1961).
D(p( ndence on ‘ 22 df J‘ P
(1) (2 l (4)
time of the day (5) 18.32 6 0.01
directions S-N (6) 10.89 3 0.01
directions the San-the Vistula (7) 7.26 3 0.07
line of flight (8) 9.03 3 0.02

the preference of the two possible southward routes, either along the San or
the Vistula at the mouth of the San is much less clear. I shall discuss this pro-
blem more closely in the penultimate chapter.

The structure of H. caspia families and flocks in the daytime changes
according to the function of food-searching, migrations proper, and most of
all depends on the security arrangents for each of the individuals. From the
early morning until the midday break the dispersion of individuals gradually
increases. In the second half of the day the opposite tendency can be observed,
i.e. efforts to join in larger groups. To dispel any possible doubts the author,
when analysing systems of grouping, discusses only flocks observed in flight.
Groups of individuals resting on the ground are not analysed here and most
probably there are some considerable differences between the two cases.

Each of the activity peaks in the daytime has a different qualitative cha-
racter. The morning peak is the result of two types of activity: searching for
food and flight. However there is no ground to suppose that these two func-
tions, as I have pointed out earlier, are carried out simultaneously by the same
individuals. On the contrary, a comparison of curves C (diagr. 15) and B
(diagr. 16) leads us to believe that after 9%, with the intensification of high-
-altitude flights, there are fewer northward flights (cf. also Tab. 2). The after-
noon peak comparises exclusively food-searching, while the pre-evening peak
is the result of migration activity or, but this has not been supported suffi-
ciently by observations, it may be caused but the flight of some Caspian Terns
straight to their pre-determined roosting places (similarly as with Larus ridi-
bundus L. in the same period).

SOCIAL STRUCTURE, GROUP FORMATION, SURVIVAL

Average size of flocks

The Caspian Tern belongs to a small group of species in which connections
between parents and their issue last long after the termination of the breeding
period, and that includes the period of nomadic movements, autumn migrations,
and quite probably they are continued in their winter ranges. This does not
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mean that this species does not display other social connections or that they
are less pronounced. The structure of flocks not only in the annual cycle, but
also, as I have discussed it earlier (cf. page 20), in its daily cycle, is very plastic
and can suffer quite significant changes.
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Table 3 presents the average group-size of Caspian Terns recorded in Poland.
The difference between the northern and southern parts of the country is
quite striking and it indicates that the species flies over the southern regions
in spring divided into pairs or at least in the course of pairing off,
while the autumn migration is carried out in groups of 2-3 individuals
(cf. diagr. 18).

Table 3. Average flock-size of H. caspia in the period of mi-
grations in Poland.

Average

flock-size (2) in the course
n our

pd

Territory of
Poland (1)

in the course of
spring migrations

north of latitude
52°30’ N (5)
south of latitude
52°30° N (6)
entire area of the
country (7)

of autumn, mi-
grations (Au-

(April, May) (3) gust, Sept.,
Oct.) (4)

4.87 4.95

1.94 2.28

3.16 3.25
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Family connections

As it follows from the materials collected at the mouth of the San, 32.6°/,
of all the recordings were of adult birds and young ones starting a family.
The following combinations can be discerned: 1 ad. 4 1 juv. (30°/, of all the
families recorded), 1 ad. + 2 juv. (32°/,), 1 ad. + 3 juv. (6°/,), 2 ad. + 1 juv.
(19°/5), 2 ad. + 2 juv. (6°/,). Thus it follows that in about 25°/, of the recor-
dings both males and females were included. Most probably the per cent of
birds flying in families is even higher, because the criteria which served for
determining family connections between Caspian Terns (characteristic voice
signalling between adult and juvenile individuals) was one-sided. Some part
of families flying in the region of the observer without giving voice were pro-
bably recorded as normal flocks.

Diagram 18 presents the frequency of recordings of families (4), of flocks
displaying no family connections (B), and of single individuals. If the frequency
of family recordings is compared with the facts presented in the previous
chapter (diagr. 11, curve B — diagr. 13; C — diagr. 15; 4, B — diagr. 16),
then the following conclusion can be drawn: H. caspia keeps up family con-
nections almost exclusively in the course of migrations proper southward.
In order to supply materials supporting this thesis the author calculated sta-
tistically characteristic features of family flights, flights of normal flocks,
and of single individuals (Tab. 4).

Table 4. Altitude and directions of H. caspia flights in relation to its
social structure (in metres, the San -the Vistula, 1961).

Characteristic
features (2) Per cent of individuals
flying:
z Oz Sa:
southward | northward
Character of (6) (7
groups (1)
families (8) 90.0| 33 | + 8.5 87.5 12.56
flocks (9) 54.4| 41 | +10.2 66.7 33.3
single individuals (10) 44.7| 36 |+ 9.3 63.6 36.4

Thus families, as opposed to flocks and single individuals, use high —alti-
tude flights-differences between the average altitude of family flights and
average values of other statistical categories are significant. The same, however,
was not recorded for differences of average flight altitudes of flocks and single
individuals. Also the per cent of families flying southward differs from the
state recorded for other categories.
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Social factors affecting the survival

In the light of the facts presented we have to accept a conclusion differing
from the positions defended up till now and concerned with the biological
essence of family protection in Caspian Terns in the post-breeding period which
consists in feeding up young individuals which have not yet acquired the diffi-
cult art of obtaining food on their own. The conclusion following from the
materials presented hare can be put thus: family connections are kept up in
the most dangerous moments of autumn migrations, i.e. when flying over
unpenetrated areas where the safety of migrants depends exclusively on their
individual experience. As I have proved earlier (cf. page...) migration and
food-searching are separated in time; although it might seem that such a divi-
sion is not favourable for the species, it secures in a strange area the degree
of security much higher than, for example, in the case of gulls. Because, diffe-
rently than in other species flying in flocks, juveniles of which join in separate
flocks before departure and their mortality in the first year of life exceeds
70°/,, juvenile Caspian Terns, according to data of ringing, perish less fre-
quently in the first year — the return of rings amounted to only 36°/, (SHEVA-
REVA, 1962).

By proving that the basic idea of keeping up family connections during
migrations consists in the protection extended to juvenile birds by the
experience of adults, I do not want to underestimate the role of feeding up
particularly in late afternoon hours. However in normal conditions it is of
secondary importance. Probably only in adverse hydro-mefeorological con-
ditions this can affect the survival of juveniles.

When comparing diagrams 15 and 18, also other suggestions can be put
forward which will help to integrate separate sequences of the daily rhythm
in a logical system. Then the optimalization of the entire rhythm becomes
evident in the system presented here. In other words each alteration or dis-
turbance of the general sequence of this rhythm leads probably to an increase
in the mortality of juveniles. From the point of view of mortality two factors
are decisive during migrations: 1) realization of the degree of security in a new
area, 2) effectiveness of this security as it affects the freedom of movement,
possibility of dispersing, and possibility of effective trophic use of the environ-
ment. Decisive is here the intensity of the anthropogenie factor — adult birds
keep at a distance exceeding the range of sporting guns (ca. 80 m). This ex-
plains the fact that when river beds are narrowed (below 60-70 m), Caspian
Terns immediately abandon such routes. In the lower courses of the San this
phenomenon was observed in the last ten days of August 1961 when the decrease
in the number of Caspian Terns recorded coincided with the lowering of the
level of water and with the narrowing of the river bed (cf. also diagr. 24).

The entire daily rhythm against the background of family reletions can
be presented thus: Caspian Terns joining in families during the peak in late
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afternoon hours fly southward at high altitudes. Immediately after sunset
they make for roosting places (sand-waves, islands). They roost in families.
Night and early morning enable to recognize the degree of security in the given
area. Then they start morning food-searching and fly southward in the second
phase of the morning peak (cf. diagr. 15). In the final phase this gradually
becomes the penetrating of a new area, then the birds disperse and start their
midday rest. During the break they still try to reconnoitre the area. The after-
noon peak of activity is connected exclusively with food-searching. This can
be presented in the form of a table:

rest rest
food-searching, flight food-searching, flight
reconnaissance reconnaissance
night morning afternoon evening
grouped in families dispersion joining in families

Each food-searching in the scheme above is preceded by a long reconnais-
sance to ascertain the degree of security. Hach flight connected with migration
is preceded by feeding and followed by rest combined with another round of
reconnoitring. Sometimes the late afternoon migration becomes a night flight.
Caspian Terns flying before midnight or even in the small hours were frequently
observed by the author in September 1961. In all such cases adult individuals
were flying together with juveniles (characteristic voice signalling). The scheme
given here constitutes a sort of rhythm characteristic for migrations. In the
cases when Caspian Terns stay for a few days in one area (stationary nomadic
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Graph 19. Group formation of H. caspia during autumn migration (1961, the San - the

Vistula). The vertical axis — percentage participation of separate group categories in re-

lation to the total number of recordings; the horizontal axis — months; group formation:

A — single individuals, B — groups of two individuals, 0 — of three individuals, D —
of 4-5 individuals (n = 83).



25 Caspian Tern in Poland 405

sites) the general plan of activity remains the same (3 peaks of activity), only
. instead of the migration phase the period of food-searching is accordingly
longer. It follows from the comparison of diagrams 7 and 19 than in both the
migration waves characteristic nomadic movements resulted in an increase
in the recordings of single individuals. Thus it is possible to conclude that
family connections are weakened during a nomadic stay — young birds in
a well reconnoitred area can be dispersed and at the same time feel secure.
This also seems to throw light on the situation in their winter ranges — there
probably family connections disappear completely.

Flocks, aggregations

Caspian Terns do not join in flocks as clearly and as permanently as smaller
Tern species. As is follows from Table 3, the average flock-size in the north
of the country (mainly in the coastal region) both in spring and in the post-
-breeding period considerably exceeds the one recorded for the southern ter-
ritories. This can be explained, in the case of spring migrations, by a) proxi-
mity of breeding-sites and probably an initial joining in larger groups becoming
later their breeding colonies, b) unfavourable atmospheric conditions in the
Baltic region in this period hampering their migrations, which results in the
formation of larger communities in places where food is abundant.

In the case of post-breeding nomadic movements northern flocks are only
insignificantly larger than in spring (Tab. 3). Probably such aggregations are
also formed in places siutable for resting and food-searching. The largest flocks
recorded in Poland consisted of about 30 individuals — e.g. on 12th of Sep-
tember 1956, Pastwa Sobieszewska (region of Gdansk) (according to data
recorded by J. B. SzozEPsk1), or on 2nd August 1961 at Mikoszewo (region
of Nowy Dwoér Gdanski) — 33 individuals (ZagAc, 1964). It is difficult to
decide whether these groups had characteristic features of flocks. According
to Swirskr’s observations (1964, oral information) the largest communities
ingide the country are formed by individuals resting on river islands — e.g.
observations on 12th September 1956 near the locality of Pieklo (888 km
of the Vistula) (region of Sztum) and concerned with 17 Caspian Terns staying
on an island. More observations of a similar kind were carried out in Poland,
but still the material is not sufficiently large to lend itself to any far-reaching
analysis.

Diagram 18 indicates that in the hours of the midday break birds observed
in flight are maximally dispersed (the observer was stationary). At the same
time another observer moving in space (boat, motor-launch, ship — as in the
case of examples mentioned above) recorded that resting Terns stayed in more
or less loose groups, quite often including other species (mainly Larus ridi-
bundus L., Sterna hirundo L., Vanellus vanellus 1.).

The gregarious character of small groups was kept up during the food-search-
ing activity (diagr. 18). Birds were clearly in touch with each other and reacted
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in an orginized way to external stimuli. As opposed to larger aggregations
integrating factors are here clearly displayed. I have discerned 4 degrees of .
involvement in the course of autumn migrations at the mouth of the San (Tab. 5):
I — connections between individuals developed to a highest degree, they fly
closely together, their movements are completely co-ordinated. So closely
integrated can be only families and even so in a small number of cases. IT —
connections between individuals well developed (particularly voice signalling),
the group flies quite dispersed but all changes of direction, altitude, etc., are
undertaken simultaneously by all the individuals. 41.8°/, of individuals were
recorded in such groups. III — connections between individuals are not close,
they are often broken and disappear completely; if they are kept up then only
with the help of voice signalling, or very rarely they can be in touch visually.
A very high degree of dispersion so that very often they lose sight of each
other. Co-ordination of their movements is only the resultant. 33.6°/, of indi-
viduals were recorded in such groups. IV — almost complete distintegration
during flight but for some sporadic attempts to get in touch with other indi-
viduals (voice). During the midday break they display a tendency to form
aggregations with other species.

Table 5. Integration of H. caspia in flocks in the course of autumn mi-
grations (mouth of the San — 1961; in per cent of number of individuals,

n = 101).
Degree of
integration
(2)

I I III v Total

(3) (4) (5) (6) (7)
Character of
the group (1) \
families (8) 4.9 31.7 3.0 - 39.6
flocks (9) % 10.1 30.6 = 40.7
single individuals,
aggregations (10) - - -— 19.7 19.7
Total (11) l 4.9 | 41.8 l 33.6 I 19.7 I 100.0

As it follows from Table 5 family connections are strongest. Flocks, which
here probably included also some per cent of groups with family connections
(ef. page 22), constitute an almost basic form of group formation. The most
controversial, as far as the degree of integration and qualification according
to the criteria accepted are concerned, seem to be groups at rest (cf. page 25).
Taking into account the lack of co-ordination, considerable spacial dispersion,
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variable numbers (constant inflow and outflow of single individuals and small
groups) I have treated them as aggregations. The integrating factors are the
topographical features (favourable position, inaccessibility, visibility, ete.) of
a given river island. Still the role of aggregation is significant with a view to
securing safety of separate individuals. As I have mentioned earlier (c¢f. page 25)
the final clearing up of the matter requires more copious and accurate ma-
terials.

Diagrams 18 and 19 indicate that there is not much stability of groups
forming families or flocks in H. caspia daily cycle, and also in August and
September. The highest degree of integration occurs in face of danger (morning
and early evening flights over strange areas, roosting), and the opposite —
well penetrated areas enable the highest degree of dispersion.

Pairing off

Spring transmigrants in the southern parts of the country probably fly
already paired off (cf. Tab. 3). Other explanations of the average result (amoun-
ting to 1.97 individuals) seem less probable. In the coastal region (cf. page 14)
separate pairs displaying certain features of the breeding behaviour were also
recorded in summer.

Meteorological factors and flock-size

As I have proved earlier (page 20) the variability of the degree of inte-
gration and group-size (families or flocks) in the migration period is a result
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Graph 20. Dependence of H. caspia flock-size on wind force (1961, the San-the Vistula)-

The vertical axis — percentage participation of recordings of a given flock category in

relation to the total number of recordings in this category; the horizontal axis — wind

force on the Beaufort Seale; A — distribution of recordings of single individuals, B — of
flocks of two individuals, 0 — of three individuals (n = 69).
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of functional necessity. Deciding here is the pressure of food competition
within the species and dangers from the environment. The significant factor
in our consideration is the plastic structure of the flock and its correspondence
with the combination of the factors mentioned, changing regularly in the
daily and seasonal rhythm. All the disturbances of the flock structure, partic-
ularly in the regularity of changes, are probably harmful. Of these disturbing
factors the effect of wind should be considered first. Diagrams 20 and 21 present
the dependence of the flock-size on wind force (on

100 the Beaufort Scale). As it follows from diagram 20,
above 4° on the Beaufort Scale no groups of more

than 2 individuals were recorded, and in the case of

75 quite strong winds (6°) only single birds were obser-
/ ved. Diagram 21 expresses the same in a more dis-

/ tinetly graphic way. Generally the correlation bet-

50 /
/ Graph 21. Effect of wind force on the dispersion of H.
25 caspia (1961, the San-the Vistula). The vertical axis — per-
e centage participation of single individuals in relation to the
number of recordings of the other group categories within
the given class of wind force; the horizontal axis — wind
0 2 4 6 force on the Beaufort Scale (n = 69).

0
ween the wind force and the flock-size is not very high (» = 0.71). Taking into
account that strong winds are rare in the time of flights already winds of
4° affect significantly the structure of the flock. The average wind force pre-
vailing in the period of autumn migrations amounted to 1.19° on the Beaufort
Scale.

No other factors, such as for instance overcasting, affect significantly the
flock-size. The dependence was tested with the help of x*

The flock-size, altitude and direction of flight

There is a relationship between these parameters and the flock-size reflected
in the rhythm of daily activity discussed above (ef. page 19). Graph 22 presents
the distribution of flights of single individuals (curve B) and flocks of more
than two individuals (curve () against the general distribution of H. caspia
flight altitude (curve A). Differences in the course of B and O, as well as the
significant difference in their average values (Zp = 44.7 m; 7y = 78.5 m;
Tg— Tp = 33.8 m), reveal the character of relationship between the flock-size
and flight altitude, and it is a close one (r = 0.97).

The relationship between the flock-size and flight directions S-N (graph 23)
is of the same character. As it is known, Caspian Terns encountered along
the river-bed migrate only partially, i.e. move southward, while the rest of
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their activity is confined to carrying out swinging flights S-N searching food
and performing other functions. Beside the analysis presented above (cf. page 22)
and explaining the connection between the flock-size and the movement
couthward, it seems that a more searching presentation is still required.
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Graph 22. Interrelationship between H. caspia flight-altitude and flock-size (1961, the

San-the Vistula). The vertical axis — percentage participation of recordings in the given

flock category in relation to the total number of recordings in this category; the horizontal

axis — flight-altitude in metres; A — general flight distribution of all the flocks recorded,

B — distribution of flight-altitude of single individuals, ¢ — flight-altitude of flocks of
3-4 individuals.

Assuming that ultimately all Caspian Terns migrating in autumn will fly
southward, in the conditions of studies on the absolute numerical state carried
out at the mouth of the San in 1961, and having the total number of south-
ward and northward flights calculated from the following formulas:

P=0—2N (1) or P=8—N* (2),

where P — number of flying birds, ¢ = total number of flying or resting indi-
viduals observed, N = number of individuals flying northward, S = of those
flying southward; we can not only calculate in a simple way the total numbers
of the population in flight but also learn the proportions of separate groupings
of which the population is composed in the course of migrations. For this for-
mula (1) should be applied separately to each class of size of the groups recorded.
Naturally there will be no possibility in such a case to consider the dynamics
of group variations, but this would not distort the general picture.

* It will be possible to calculate P in the case of observations connected with birds
exclusively in flight.
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Such an analysis revealed that Caspian Terns recorded as flying alone
only in a small per cent (3.6°/,) migrate lonely southerwad. The highest per
cent was recorded for groups of 2 individuals (18.0°/, of all the Caspian Terns
observed over the entire season) and groups of 3 individuals (16.2°/, of the
total) (cf. also curve B — graph 23). The investigation of numerical relations

100
80
yd
60 >
/,/ Graph. 23. Distribution of H. caspia flock-size during
40 southward flights in the period of autumn migrations
/ (1961, the San-the Vistula). The vertical axis — per cent
/ B of individuals recorded; the.horizontal axis — flock-size;
20 o~y A — per cent of Caspian Terns flying southward within
+7 “hee the given class of flock-size, B — per cent in relation
75 to the total number of individuals flying southward
0 (n = 167).

between individuals flying southward and those carrying out swinging flights
S-N within separate classes (curve A4 — graph 23)-shows that all flocks of
4 birds in 75°/, of the recordings were in the course of the proper southward
migration. This per cent decreases together with the flock-size, and in the
case of single individuals as many as 78.6°/, are birds whose flight was not
directly concerned with moving southward.

FACTORS AFFECTING THE CHOICE OF MIGRATION ROUTES

General significance of the problem

The basic reason for locating the field studies of H. caspia migrations (as
well as other species) at the mouth of the San was the need for materials yiel-
ding information on circumstances, causes and factors affecting the choice
by the birds of one of the two possible routes of further migration. This question,
not analysed satisfactorily so far, of selecting a specified route by species mi-
grating along the course of rivers or along the coastline has recently acquired
significance (even for generally theoretical purposes) as it can throw some
light on certain mechanisms connected with space-consciousness of migrants.

The preference of one of the two possible routes by H. caspia is connected
with far-reaching consequences revealed in the course of their further mi-
gration — individuals migrating along the course of the Vistula have to over-

/
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come the Carpathian arc in its western part (c¢f. page 6) and most probably
continue their migration across the Hungarian Plain in the direction of the
Italian Peninsula; while the birds choosing the valley of the San reach the
valley of the Dniester before Przemyska Gate, and thence along the coast
of the Black Sea to the eastern parts of the Medirranean Sea.

Migration along the San and the Vistula

The mouth of the San to the Vistula is a particularly convenient point of
observation when we are concerned with the choice, by waterfowl migrants,
of one of the two possible migration routes. Both these rivers flow into each
other at the angle of about 40°, and the physical features and vegetation of
the banks do not show any special differences. The bed of the San is only 1/3
narrower than the bed of the Vistula higher from the mouth (Map 1). The bed
of the Vistula upwards from the mouth of the San has its course in direction
SSW, while the San direction SSE.

A numerical analysis of H. caspia flights along the two rivers was based
on formula (1). The results are presented in Table 6, while graph 24 gives an
idea of the dynamic picture of flights.

In all, 49.5°/, of all Caspian Terns reaching the mouth of the San, continue
their migration along that river — i.e. nearly half of the total. As it follows
from Table 6, 44.3°/, of all the Caspian Terns recorded along the Vistula were
either searching for food or carrying out nomadic movements, while this per
cent was lower along the San — 11.6°/,. Thus the San has gained the impor-
tance of a “trangit” route. Up the mouth of the San, the Vistula has proba-
bly the same significance. It is important that, higher from the mouth
of the Dunajec river, only a small part of migrating Caspian Terns were recor-
ded which was reflected in the work of Kozrowskr (1967). The per cent of
birds migrating along the middle courses of the Vistula (80.4°/,) does not differ
much from the one for the entire width of the San (88.4°/;). In the sections
adjoining the banks along the Vistula to the mouth of the San only 40.0°/,
(left-hand side section) and 47.4°/, (right-hand side section) of all the Caspian
Terns recorded there, were migrating birds; all the remaining individuals
were carrying out nomadic movements.

As it follows from the data presented in Table 6, 25°/, of the birds turned
from the most distant left-hand side section of the Vistula and flew on along
the San, 46.3°/, of the individuals came from the middle section, while the
right-hand side section, which imperceptibly passes into the bed of the San,
was used by 64°/, of the Caspian Terns.

The time distribution of H. caspia frequency along the two rivers in the
region of the mouth (graph 24) is quite significant. It supports the conclusion
following from the data presented in Table 6 that the San is used (at least
in the section at the mouth) as a transit route, while the Vistula beside this
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basic role also serves as a feeding ground and as a stationary nomadic site.
This coneclusion is the more obvious when we compare graph 24 with graphs 7
and 19 which present peaks of nomadic movements of the 1st and 2nd wave.

Criteria explaining the choice

The problem of choice will be here discussed in the following order: a) cri-
terium of choice, b) numerical characteristic of the phenomenon, ¢) external
and internal factors limiting the chances of choice.
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Map 1. Situational plan of the region around the mouth of the San to the Vistula. 1 =
water bodies, 2 — built-up areas, 3 — anti-flood dykes, 4 — tree-covered areas, 5 — obser-
vational point while observing H. caspia migrations.
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The determination and the description of the choice of one of the two pos-
sible migration routes by Caspian Terns presents serious difficulties. It does
not seem probable that all the birds flying along the right-hand side section
of the Vistula, which passes into the bed of the San, could actively choose
this particular river. On the other hand the active choice of the San by birds
flying along the middle and left-hand side section is beyond doubt. But we
"are not in a strong position to decide whether the birds flying along the sec-
tions mentioned and keeping to the Vistula higher from the mouth of the San
actively eliminated the San and chose the Vistula. There are however a few

6

Vil

Graph 24. Preference of the San route or the Vistula route at the junction of these rivers

by H. caspia (antumn migration of 1961). The vertical axis — per cent of individuals in

relation to their total number recorded in flight; the horizontal axis — months; 4 — indi-
viduals preferring the Vistula, B — those preferring the San (n = 189).

facts which seem to contradict this thesis. First, the population migrating
along the Vistula maintains direction SSE which is shown by the lack of mi-
grating Caspian Terns in the region of Cracow (Kozrowski, 1967). At the
same time I can mention that no right-hand side tributaries of the Vistula
lower from the mouth of the San can be treated as a branch of the main migra-
ting route. Thus the observations of Dr B. JABLONSKI proved that the Bug
river is not a migrating route of H. caspia. He carried out regular observations
on fligths of H. caspia in the years 1966-1967 in the region of Brok district
of Ostréw Mazowiecka in the period August-September, and he could not
record Caspian Terns there at all. As I have mentioned earlier (cf. page 31)
49.5°/, of the population migrating along the Vistula choose the San. Thus
only the remaining part of the population could use the higher right-hand
side tributaries (the Wisloka, the Dunajec, the Raba). Second, as it follows

3



Table 6. Analysis of post-breeding nomadic movements and autumn migration of Caspian Terns in the region of the mouth of the

San river to the Vistula (in per cent).

Individuals entirely migrating (P) (3)
Individuals migrating vidual
g Per cent of individuals flying  |Percentage participation| and carrying nomadic | [Rdividuals
Secti along (4) of the section in the movements — flights SesEyIg
e 3 flight (8) in direction (11) b
of the river entirely
the Vistula | the Vistula nomadic
lower from the| (high
B &vggl;,h 8?“ thlelae éhegm?nﬁoglf the San to the mouth mﬁgﬁt‘if otfhe movements
£ San) the San) of the San the San 8 N
2
(1) (2) (5) (6) (7) (9) (10) (12) (13) (14)
left-hand 40.0 30.0 10.0 17.2 12.9 70.0 30.0 60.0
(15) (100.0) (75.0) (25.0)
= middle 80.4 43.1 37.3 44.1 23.7 90.2 9.8 19.6
£ (16) (100.0) (53.7) (46.3)
S right-hand 47.4 17:1 30.3 38.7 13.9 73.7 26.3 52.6
3 (17) (100.0) (36.0) (64.0)
ey
SyeEags .1 254 s 100.0 50.5 77.8 22.2 4.3
(18) (100.0) (50.5) (49.5)
the San 88.4 — — 94.2 5.8 11.6
Total (19) 63.4 — — 81.7 18.3 36.6
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from the data presented in Table 7, the average flight-altitude of individuals
flying on along the Vistula in the middle section and in the left-hand side one
is lower than those preferring the San route. As the preference of the San can
only be the result of satisfactory space orientation, improving with altitude,
so that birds flying lower have less possibility to estimate properly the situ-
ation and undertake the best decision — the best according to the choice of
route in agreement with the general direction of migration. Thus we
cannot treat the further flight along the Vistula as the preference of this river.
The arguments cited support the thesis that only in the case of the preference
of the San route can we be completely sure that a real preference took place.

Table 7. Flight altitude and the preference of the San route
by H. caspia (altitude in metres).

Sections of the
Vistula (2)
left and right
middle (4)
(3)
Average flight altitude (1)
of individuals preferring
the San route (5) 65.0 35.2
of individuals flying on along
the same section (6) 53.3 51.6

As it was mentioned above, also in the case of Caspian Terns from the right-
hand side section turning to the San route, it is impossible to decide whether
there occurred an active preference in a number of cases. Hence, when we
accept as undeniable facts of preference those which meet the criteria dis-
cussed above, they will make up 24.7°/, of the total number of Caspian Terns
migrating along the Vistula, although, as it will be seen from the other part
- of this chapter (cf. page 39), more than half of Caspian Terns there had good
conditions for deciding the right choice. Thus the criteria showing the real
preference of one of the two possible migration routes, although limited, are
unequivocal. It must be stressed here that we are concerned with the type
of preference connected with making a specified decision at the moment of
reaching the mouth by a given individual or flock, which becomes obvious
by a change in the direction of flight. The character of motivation leading to
this decision — instinet or individual experience — is not so significant of
itself. Thus we can not take into account the mechanisms revealed prior to
reaching the mouth, and securing in difficult atmospheric conditions the right
choice of route, as well as the right choice of route on the basis of the trial
method.
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Factors affecting the preference

Let us consider now which factors and to what extent affect the choice
of the San route. On the basis of the percentage distribution of penetration
from separate sectors of the Vistula to the San, which increases from left to
right, presented in Table 6, it is possible to draw the first conclusion concerning
the choice of the further route. Decisive here is the distance from the right-
-hand side of the Vistula. This dependence of the San route preference on the
distance of flight from the bank mentioned was checked with test y* — the
effect of this distance is quite significant (at df = 2, y? = 8.01, P = 0.018).

Which factors decide in turn the choice of the section of the Vistula ? As it
was stated above this affects the further route of migration (cf. page 30). An
analysis of Table 6 shows that individuals flying along the middle section dis-
play an unequivocal preference. This is connected with securing the sufficient
margin of safety for migrants in a non-roconnoitred area. It is characteristic
that beside the middle section also their right-hand side section acquires signi-
ficance in flights to the mouth of the San (cf. items (9) and (10) in Table 6).
Higher from the mouth both the right- and left-hand side sections are of equal
significance. Thus we might suppose that Caspian Terns looking for the route
in SSE direction want to be on the safe side by keeping to the right-hand side
bank so that they can instantly choose the route consistent with the general
direction of migration when the possibility arises. Besides the preference of
the right-hand side bank may be caused by specified atmospheric conditions
as it is shown by the data presented below.

Table 8. Flights of H. caspia along the specified section of the Vistula and the choice of the
San route depending on the degree of overcasting and wind force (n = 78).

\,‘ - .
B XT1 Atmospheric

5 conditions (2) W — { Wind foree
5 J QVeroarstig (on the Beaufort Scale) (4)
sy 2 P 0 | s | ’ 12
River and section (1) = f 0> [ 1=8° FO=107] "0 = 4 I 3-6 | 7-

, halb¥en s 3ol e
left-hand side section (5) | 22 | 28! 16 29‘ 32| 42| 27 | —
middle section (6) 61 l 38 33 51 32 0 0 -
right-hand side section (7) | Al_l_ i4 :’1 iﬂ ‘ 3(3 58 713_ o
the San (total) (8) | 1] a1 a I 37! 32| ‘a3 0! 4
the Vistula (total) (9) l 86| 69 | 09[ 63| 68 37! 100J -

Table 8 presentes the percentage distribution of the frequency of indivi-
duals in separate sections of the Vistula, and generally along the Vistula and
the San, flying in various conditions of overcasting and different wind force.
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An increasing degree of overcasting evidently affects the higher relative and
absolute altitude of flights along the right-hand side section and along the
San. The difference in the frequency of the right-hand side section between
conditions of cloudless and overcast sky amounts to 34°/,, and for the San
respectively — 27°/,.

Table 9. Dependence of H. caspia flight direction on the degree
of overcasting (in per cent; n = 73).

’ "~ Degree of overcasting (2) ’ 1
350 i |
‘ [
| - l ! N 1 9-10°
| Flight in direction (1) > } | \
1
| 1 | 66 | 74 | 85
‘ Lo | 34 ’ ot Tl

This increasing overcasting can have the following effect: a) Deterioration
of visibility (fog, light rain) leading to lower flight-altitude (graph 26). Low
flight-altitude limits the space orientation of birds, however not to a degree
which would render the flight impossible. On the contrary — the data in
Table 9 indicate that the more the sky is overcast, the more intensive are
southward flights (cf. also Table 12). It seems possible that in more difficult
conditions birds turn instinctively to the right-hand side section. b) A more
overcast sky and NW winds are positively correlated (Atlantic low pressure
areas). It follows from the data presented in Table 10 that, disregarding com-
pletely calm spells, the highest frequency was recorded when NW winds pre-
vailed (21°/,). Previously I have pointed out that Caspian Terns are very
susceptible to wind force (cf. graphs 20, 21). In the case of NW winds birds
are “pushed” to the right-hand side section by the wind; in NW winds 2-4°
on the Beaufort Scale Caspian Terns often flew just above the surface of the
water, however slightly shifted to the right. Thus when the sky is overcast
on a windy day there is little chance of an active choice of the further route.

Table 10. Frequency of H. caspia during autumn migration in calm weather and
for winds from different directions (in per cent; n = 149).

. Flight in

Conditions-iof thht in winds from: (4)7

\
% calm i
} flight (1) | weather (2) { N i SE \
| Frequency in l I ’ ' l
| per cent (2) 40 i 6 y (I T S i 5 4o [ 21
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The effect of wind itself should also be noted. As it follows from Table 8
an increase in wind force is followed by a relative increase in the frequency
recorded for the right-hand side section. This increase is quite considerable —
between 0° and 6° on the Beaufort Scale it amounts to 53°/,. The data
presented in Table 11 explain why this can occur.

Table 11. Frequency of H. caspia as it depends on wind force
and direction (in per cent; on the Beaufort Scale).

\ Wind force (2)
\ 2-3° 4° 5° 6°

Wind direction (1) \

NW (3) 42.4 30.3 6.1 3.0
Other directions (4) 15.1 — 3.1 —
Total (5) | 576 | 308 | o2 | 30

This is evidently the result of the dominance of stronger winds from NW.
However this does not lead to a proportional increase in the per cent of indi-
viduals penetrating the valley of the San. Up to 2° on the Beaufort Scale there
is a small increase in the per cent of individuals preferring the San, but starting
from 3° the preference of the San falls down to zero (Table 8). The reason for
that is as follows: Caspian Terns in strong winds avoid, as a rule, flights in
the direction of the wind (flights with the wind), and as the San at the mouth
flows in direction NW, all birds turning to fly along the San would have to
fly with the wind.

Summing up the following can be pointed out: 1) deterioration of weather
conditions is accompanied by an increase in the frequency in the right-hand
side section. This increase is mainly the result of the following two situations:
a) deterioration conditions for orientation require from the birds to come closer
together at the right-hand side bank in order not to miss a suitable branch
of the route they have been following so far, being in line with the general
direction of their migration, b) an increase in the frequency in the right-hand
side section may be caused by the “mechanical” pushing of the birds by the
prevailing north-western winds. 2) An increasing degree of overcasting can
limit, by the deterioration of the visibility, the possibility of preference only
in a small degree, and migrants can overcome this difficulty relatively easily,
while on the other hand the increasing wind force, in view of its being parallel
to the San leading to the necessity of flying with the wind, there is not much
chance of active preference, and the migrants are forced to fly on along the
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Vistula deviating to the south-west. 3) When weather conditions deteriorate
the element of chance plays more important part in the choice of the further
migration route.

Real chances of preference

As we already know the effect of atmospheric conditions on preference,
let us consider now the part of Caspian Terns migrating in the region of the
mouth in relatively favourable weather, i.e. when they do not have to over-
come sfrong winds or fly in fog or rain. Such conditions are considered in
columns (3) and (5) in Table 12.

Table 12. Weather conditions of H. caspia autumn migrations in the region
of the mouth of the San (n = 149).

clouds clouds no clouds | no clouds
Weather (2-10°) (2-10°) (0-1°) (0-1°)
characteristics wind no wind wind no wind
(2-6°) (0-1°) (2-6°) (0-1°)
(1) (2) (3) (4) (5)
Per cent of individuals
migrating in a given
type of weather (6) 26.4 52.7 1.1 19.8

Thus 27.5°/, of Caspian Terns (columns (2) and (4)) migrate in decidedly
bad weather conditions which not only require more effort on the part of
migrants but also compel them to fly along the route not always confirmed
by their instinet or individual experience. On the other hand, as it follows
from Table 12 giving a rough estimate, more than 50°/, of Caspian Terns mi-
grating along the Vistula fly in almost completely calm though cloudy weather
(wind force 0-1° on the Beaufort Scale, degree of overcasting 2-10°), while
only 20°/, of birds were fortunate enough to fly in calm weather with no clouds
in the sky. This enables us to conclude that at least half of migrating Caspian
Terns have possibilities of good topographical orientation, that is chances
of preferring a specified route (this concerns only migrations observed in 1961).

As I have mentioned earlier (cf. page 31) 49.5°/, of individuals turn into
the valley of the San and then fly on southward. On the basis of the facts
discussed above, indicating that at least half of the birds reaching the mouth
have the possibility of an active preference, we can roughly estimate that
on average, 25°/, of the migrating population actively chose the San route
(the other 25°/, could penetrate the valley of this river on the basis of the
“security ” mentioned above (cf. page 37), or alternatively on the basis of an
“error”). Comparing this estimate with the data presented in Table 6 (columns
(9) and (10)) and assuming that all the individuals from the middle and left-
-hand side sections of the Vistula chose actively the San (cf. page 35), while
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those from the right-hand side section reached this river “mechanically”,
results coinciding with each other can be obtained: 24.7°/, of the population
turned into the valley of the San from the middle and left-hand side sections
of the Vistula. Thus about 25°/, of the population also chose actively the route
of migrations along the Vistula, or those from the right-hand side section pre-
ferred the San. In the first case the motives of such a choice contrasting with
the general tendency become obvious when we take into account the fact that
at the end of August a number of sand waves and shallow patches appeared
near the mouth as a result of the drop in water level, and the river became
considerably narrower. '

Flight-altitude and the choice of route

Previously I have shown (cf. page 20, Table 2) that the effect of flight-
-altitude on the preference of the San route is not very significant (at df = 3,
z2* = 7.26, P = 0.07). An analysis of the average flight-altitude (Table 7)
reveals closer aspects of this dependence — the lower the flight-altitude in
the right-hand side section, the greater the chance of migrating along the San
and the smaller the chance of preferring the Vistula. The reverse situation
exists in the middle and right-hand side sections: the lower the flight-altitude,
the more probability of continuing the migration along the Vistula and less
probability of reaching the valley of the San. As the problem in question is
the definition of factors affecting the choice of migration route, let us consider
now the altitude of flight according to the conclusion following from the data
presented in Table 7. Thus when we calculate y2? excluding the right-hand
side section of the Vistula (i.e. the one from which Caspian Terns reach the
San on the basis of “error”), the effect of flight-altitude in the middle and
left-hand side sections on the choice of the San route will turn out to be quite
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Graph 25. Flight-altitude and the preference of the San route or the Vistula route (1961,

the San - the Vistula). The vertical axis — per cent of recordings in relation to their total

number recorded for the given route; the horizontal axis — flight-altitude in metres; 4 —

flight-altitude of individuals flying along the Vistula higher from the mouth of the San;
B — flight-altitude of Caspian Terns which preferred the San route,
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significant (at df = 1, x* = 4.03, P = 0.04). The distribution of the flight-
-altitude of Caspian Terns preferring the San and those flying on along the
Vistula (graph 25) is also characteristic.

A high flight-altitude, besides giving security to migrants (essential is
here the range of the sporting gun), can also enable the best orientation facili-
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Graph 26. Effect of overcasting on the flight-alti- ¢ // ‘\

tude of H. caspia (1961, the San — the Vistula). The = \ue
vertical axis — per cent of recordings in the given pp \
state of overcasting; the horizontal axis — flight-alti-
tude in metres; A4 — distribution of flight-altitude in
cloudless weather (overcasting 0), B — when degree
of overcasting is 1-8°, 0 — when the sky is comple-

tely overcast (degree of overcasting 10°). 0
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tating at the right moment the choice of the route in line with the genera
direction of migration. Besides factors limiting flight-altitude, such as over-
casting (graph 26) and wind (graph 27), an important part is played by fac-
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Graph 27. Effect of wind force on H. caspia flight-altitude (1961, the San — the Vistula).

The vertical axis — per cent of recordings in relation to their number recorded within the

given altitude category; the horizontal axis — wind force on the Beaufort Scale; A — distri-

bution of frequency of recordings in the case of Caspian Terns flying at the altitude of 20 m,
B — flying at the altitude of 21-50 m, ¢ — at the altitude of 51-150 m.
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tors connected with the biology and flock structure of the species (cf. Tables 2
and 4, graphs 15, 22, 25, 28, 29). From the point of view of the biological functio-
nality the importance of sustaining a high flight-altitude in the course of mi-
gration becomes evident in the light of the facts cited.

Differences in the altitude of flights when searching for food (in graph 28
they are presented as northward flights, while in graph 29 they are described
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Graph 28. Interrelationship between alti-
tude and direction of H. caspia flights
(1961, the San — the Vistula). The vertical
axis — per cent of Caspian Terns in rela-
tion to their total number within the gi-
ven category of direction; the horizontal
axis — flight-altitude in metres; N — dis-

Graph 29. Interrelationship between alti-
tude and character of H. caspia flights
(1961, the San - the Vistula). The vertical
axis — per cent of recordings in relation
to their total number within the given
flight category; the horizontal axis —
flight-altitude in metres; 4 — straight-line

tribution of the flight-altitude of individu-

als flying northward, § — distribution of

the flight-altitude of individuals flying
southward (n = 70).

flight, B — circuitous penetrating flight.

as penetrating, circunitous) when compared with migrating flights are clear-cut
and quite considerable. It follows from the considerably diversified character
of their funetion which I have discussed above (cf. page 20). Hence all the
factors hampering the flight at the best altitude let loose the compensating
mechanisms — e.g. those already discussed (cf. page 38) in the case of bad
visibility and strong wind, that is the fact of keeping to the right-hand side
bank. Most probably there are also other mechanisms which enable, in unfavou-
rable conditions, to eliminate the role of accident and make possible the pre-
ference according to the instinet in the critical moments of migration (e.g.
forking of the route), or according to individual experience.
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CONCLUSIONS

1. As a result of the expansion of the Caspian Tern over the north-eastern
regions of the Baltic and a general numerical increase of the Baltic population,
the species has become more popular in Poland after 1930, while a sudden
increase in its frequency has been recorded since 1950 in the period of migra-
tions — H. caspia has become a regular transmigrant in Poland.

2. The main migration route in Poland leads along the Vistula (48.7°/,
of the recordings) and its right-hand side tributaries (the San, the Wisloka,
the Dunajec). The Bug and the Oder do not play an important part as migra-
tion routes.

3. Although the role of transcontinental flights is on the increase, the old
maritime route still retains its importance in migrations of the population
investigated.

4. The Carpathian arc is skirted by Caspian Terns along the eastern side,
they reach the valley of the Dniester from the valley of the San, and most pro-
bably it is crossed in its middle part along the valley of the right-hand side
tributaries of the Vistula. The Moravian Gate is probably used only by a small
per cent of Caspian Terns.

5. Numerical proportions of recordings in separate seasons in the annual
cycle give an idea of the general ecological situation, the productivity of the
population in their breeding sites in particular.

6. The spring migration across the southern regions of Poland is swifter
and brisker than across the northern regions.

7. The autumn migrations are carried out in two waves. The rate of this
migration as compared with the spring one is considerably retarded. Caspian
Terns flying in the 1st wave are evident transcontinental migrants. Birds
from the 2nd wave perform nomadic movements along the Polish coast in
the initial phase, and in the final phase of this wave a large per cent of Caspain
Terns continue their migration along the sea coast.

8. Caspian Terns of the 2nd wave migrating transcontinentally along ri-
vers can in certain conditions halt their migration for quite a long time carrying
out only local nomadic movements. The population migrating across Poland
in August beside flying southward carries post-breeding nomadic movements,
while in September H. caspia appears only as a transmigrant.

9. H. caspia has started summering at the Polish coast without nesting
only since 1950.

10. Statistical characteristic features of the phenology of migration (ave-
rage dates, standard deviations, etc.) ean be treated as significant, relatively
permanent features of the population investigated.

11. Migrations of Caspian Terns along the river courses can be carried out
as long as the width of the river is sufficient (it can not be narrower than 60-70m).
Decisive here is the security factor dependent on the possibility of space con-
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trol, and the radius can not be shorter than the distance of flight of adult indi-
viduals characteristic for the species investigated.

12. Once the river gets narrower than this eritical width, it is no longer
used by the species. Until a new river is encountered (or alternatively a coast-
line) which will lead the birds, the general, characteristic for the species, di-
rection is maintained. They search for food then on accidentaly encountered
water bodies (ponds, lakes) or stop temporarily there.

13. In the daily cycle of H. caspia migrations three peaks of locomotoric
activity can be observed as closely connected with the specific character of
its biological function.

14. The morning peak of activity is a result of the overlapping of two types
of activity: searching for food and migration proper. Both these types, however,
are temporally and functionally separate.

15. The afternoon peak is connected exclusively with searching for food.

16. The pre-evening peak can be described as purely migrational activity.

17. Separate elements of activity form an optimal sequence in the daily
cyecle which can secure a high degree of survival in an unknown area. The gene-
ral scheme looks as follows: each searching for food is preceded by a prolon-
ged reconnaissance (penetration) and when their hunger is satisfied it is followed
by a rest combined with the next round of reconnaissance.

18. When they carry out their nomadic movements, the general picture
of activity remains the same — instead of the phase of migrational flight the
period of food-searching is respectively longer.

19. The migrational flight is performed at a higher altitude than food-
-searching. In the daily cyecle it is carried out twice: in the late morning hours
and before the evening. Nocturnal migrations of Caspian Terns are not very
rare.

20. Flight-altitude depends on its functional character. Straight-line flight,
migrational, is performed at a high altitude; food-searching, circuitous flight
is carried out at a middle and low altitude.

21. The majority of Caspian Terns are paired off already in the course of
spring migrations. The autumn migration is performed in groups of 2-4 indi-
viduals.

22. Flock connections in H. caspia are less permanent and evident than in
other Tern species.

23. The average flock-size during spring migrations, as well as during the
autumn migrations in the northern regions of Poland, is higher than in the
south. This is connected with: a) initial gathering of birds prior to forming
breeding colonies, b) formation of larger aggregations in places favourable for
food-searching and resting.

24. The highest degree of flook integration is observed in the moments
of danger (migrations proper, roosting). Maximum dispersion is allowed in
reconnoitred areas.
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25. Irregularities in the rhythm of flock-structure changes in their daily
cycle are particularly inconvenient for the species in the period of migration.
Of the factors causing these irregularities the effect of strong winds is the fore-
most one. Other meteorological factors do not show any significant
effect.

26. A close positive correlation can be recorded between the flock-size and
flight-altitude and its southward course (in the case of autumn migrations).
This indicates that Caspian Terns carry out their migrations only in groups.

27. Flock-structure and family connections in the day-time undergo defi-
nite changes. They depend eclosely on the funetion of food-searching, migrations
proper and, first of all, on the fact of securing a high degree of safety for each
of the individuals.

28. Family connections between parents and young Caspian Terns are
kept up in the entire period of migration and seem to be maintained also after
reaching the winter sites. In the daily cycle they are revealed only during the
migration proper.

29. The biological idea of maintaing family connections in the post-breeding
periods consists in the use of adult experience by young individuals when
flying over unreconnoitred areas. Owing to that the mortality of Caspian Terns
in their first year of life is small, and for instance twice lower than in the case
of larger species which form flocks differing in age. Thus the role of feeding
up juveniles is in the case of the species investigated less important.

30. During nomadic movements family connections are loosened, and the
dispersion of young individuals increases.

31. In the daily cyecle dispersion increases from the morning hours until
the afternoon break. In the second half of the day the opposite tendency comes
to the front, i.e. integration tendencies.

32. Migrational navigation of Caspian Terns depends to a considerable
extent on the use of the so called lines with fixed direction, such as rivers and
coastlines. In critical points, at the river mouths and forks, the choice of the
proper route decides the future course of migration and the fate of the
migrants. Each act of choice beside being the result of individual motivation,
depends also on the environmental factors at the time of the migration.

33. The autumn migration at the mouth of the San discussed above, showed
that half of the Caspian Terns there had good conditions for space orientation,
and thus had possibilities for choosing the right route. About one fourth of the
population actively preferred the San.

34. Factors hampering the possibility of preference prepare the ground
for compensating mechanisms enabling the passive choice of the right route
at critical points (flight along the right-hand side of the Vistula and choice
of the San route).

35. Strong NW winds (stronger than 2-3° on the Beaufort Scale) prevailing
in the period of migrations are the most important factor lowering the chances
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of an active preference. In some situations they can make the preference of
the right route quite impossible.

36. In the light of the material analysed is seems not very probable for
even older birds with considerable experience to follow the same route every
year. The course of the migration, beside depending on individual motivation,
is the result of external factors being in force at the time.
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STRESZCZENIE

Praca oparta jest na analizie 423 spotkan rybitwy wielkodziobej, Hydro-
progne caspia (PALL.) z obszaru Polski pochodzacych z lat 1800-1966. Z tej
liczby 28,4°/, spotkan, to material zebrany przez autora w latach 1960-1966
w Sfrodkowym i dolnym biegu Sanu oraz §rodkowym Wisty. Udzial publiko-
wanych danych wylonionych z piS§miennictwa stanowi 23,9°/,, material udo-
stepniony autorowi przez kolegéw—ornitologéw do wykorzystania statystycz-
nego obejmuje 47,7°/, ogéln danych. Podstawowym zalozeniem pracy jest
opracowanie wazniejszych zagadnien biologii i charakteru wedréwek omawia-
nego gatunku w Polsce w aspekcie zmian: a) sekularnych, jakie populacja
baltycka przezywala w ostatnich dwoéch stuleciach, b) w aspekecie zmian oby-
czajow zwigzanych z wedréwks transkontynentalng. Précz tego szerzej roz-
wazany jest nowy problem — wplyw czynnikéw zewnetrznych na prefero-
wanie okreflonego szlaku i przestrzenny przebieg wedréwki.

W zwiezlym zarysie badai w okresie po II wojnie Swiatowej autor uwy-
pukla istotne, poznane dotychczas momenty biologii rybitwy wielkodziobej
(pelny szkic historii badan oraz analiza zoogeograficzna wystepowania podane
zostang w opracowaniu DOBROWOLSKIEGO (w druku). W podrozdziale po§wie-
conym metodyce autor podkresla, iz do zagadnieri biologii zbierano material
wedlug specjalnego zaprogramowania (kazda obserwacja zawierala dane doty-
czgee 14 réznych parametréow). W tym celu w okresie sierpieri—-wrzesieri 1961
oraz w kwietniu 1963 przy ujSciu Sanu do Wisty (mapa 1) prowadzono ,non
stop” w godzinach 49-20% obserwacje nad przelotami notujac wspomniane
dane na specjalnych kartach (w sumie 546 godzin obserwacji).

W rozdziale po§wieconym charakterowi wystepowania w Polsce autor zaz-
nacza, ze w aspekcie faunistycznym wystepowanie to zaczelo zyskiwaé na
znaczeniu po 1930 roku (do 1930 roku zanotowano jedynie 5,43°/, ogélu spotkari).
Do 1950 roku przybywa 8,04°/, dalszych spotkain. Dopiero w latach 1950-1960
nastepuje gwaltowny wzrost frekwencji — H. caspia staje sie regularnym
w Polsce transmigrantem. Zjawisko to pozostaje w Scislym zwigzku z ogélng
ekspansywnofcig populacji baltyckiej w kierunku péinoeno-wschodnich regio-
néw Baltyku oraz ogélnym jej wzrostem iloSciowym. Dynamike frekwencji
w Polsce ilustruja wykresy 1, 2. Gléwnym szlakiem wedréwki w Polsce jest
Wista (48,79/, spotkan krajowych) oraz jej prawobrzezne dopltywy (San, Wisloka,
Dunajec). Bug oraz Odra nie odgrywaja istotnej roli jako szlaki wedréwkowe.
Autor zauwaza, ze jakkolwiek rola przelotéw transkontynentalnych stale
wzrasta, stary szlak morski odgrywa nadal istotng w wedréwkach role. Fuk
Karpat omijany jest przez rybitwe wielkodziobg od strony wschodniej —
przenikanie z doliny Sanu do doliny Dniestru oraz pokonywany prawdopo-
dobnie w czeci zachodniej dolinami doplywéw Wisty. Bramg Morawskg prze-
latuje prawdopodobnie znikomy tylko odsetek rybitw.
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W rozdziale pos§wieconym frekweneji w eyklu roeznym autor stwierdza,
ze proporeje ilosciowe spotkan w poszezegolnych sezonach w eyklu rocznym
daja poglad na ogdlng sytuacje ekologiczna, szczegélnie za§ na produktywnosé
populacji na legowiskach. Przelot wiosenny jest szybki i zdecydowany (frednia
ogolnokrajowa — 25 kwietnia), na poludniu Polski przebiega szybeiej, niz
w regionach pélnoenych (wykr. 3). Wedréwka jesienna odbywa sie w dwdéeh
falach. Tempo tej wedréwki w poréwnaniu z przelotem wiosennym jest znacznie
bardziej wolne (wykr. 4). Rybitwy lecace w pierwszej fali sa zdecydowanie
migrantami transkontynentalnymi. Ptaki z drugiej fali w poczatkowej fazie
zatrzymujg si¢ u wybrzezy polskich na koczowiska; w koncowej fazie tej fali
znaczny odsetek wedruje wzdluz wybrzezy morskich. Wedrujace transkonty-
nentalnie wzdhuz rzek rybitwy drugiej fali moga w okre§lonych warunkach
na dluzszy nawet czas calkowicie wstrzymaé przelot wykazujac jedynie lokalne
ruchy zerowiskowe. O ile przez caly sierpieni przelatujaca przez Polske cze§é
populacji na réwni z wedréwka odbywa koczowiska polegowe, o tyle we wrze$niu
H. caspia wystepuje w Polsce wylacznie w roli migranta. Réznice, jakie zachodzg
w przelocie jesiennym przez péinocne i poludniowe czesci kraju uwidocznione
83 na wykresach 5, 6. Na pélnocy kraju przeloty H. caspia w szerokiej mierze
laczg sie z koezowiskami polegowymi oraz spedzaniem lata. W poludniowych
regionach badany gatunek wystepuje gléwnie jako transmigrant, chociaz tzw.
stacjonowanie koczowiskowe w dogodnych biotopach nie nalezy do rzadkoéei
(wykr. 7). Spedzanie bez gniezdzenia si¢ miesieey letnich — wykr. 10 rybitw
u wybrzezy polskich notowane jest do§é¢ wyraznie dopiero po 1950 roku. Sta-
tystyezng charakterystyke fenologii przelotéw (S§rednie daty, odchylenia stan-
dartowe itd. — tab. 1) mozna uwazaé za istotne, wzglednie stale cechy badanej
populacji.

W kolejnym rozdziale analizowana jest rytmika aktywnoéei dobowej.
Autor wyréznia 3 szezyty aktywnofei lokomotorycznej wiazacej sie Scisle
z okreflonym charakterem jej biologicznej funkcjonalnogei (wykresy: 11, 12).
Poranny szezyt (8°°-9°°) utworzony jest w wyniku nakladania si¢ dwoch typow
aktywnosci: zerowania oraz wlasciwego lotu wedréwkowego. Obydwa te typy
83 jednak czasowo i funkcjonalnie odrebme. Poludniowa diapauza trwa od
11% do 13° (poludnie kraju) oraz do 14°° na wybrzezu. Szezyt popoludniowy
(14°0-16%) wigze sie wylacznie z Zerowaniem, podezas gdy na szezyt przedwie-
czorny (189°-209) gklada si¢ aktywnos$é prawie wylacznie wedréwkowa. Autor
podkresla, iz funkcjonalny charakter aktywnofci poszezegllnych szezytow
mogl byé ustalony jedynie na podstawie analizy zmieniajgcych sie w eyklu
dobowym elementéw behawioru (wykresy: 13-17). Szezegélnie przydatne jest
tu badanie (test x2) wspdlzaleznogei wysokoei lotu oraz innych jego para-
metréw (kierunkowos§é N-S, liniowo§é — tab. 2). Autor udowadnia, ze poszeze-
g6lne elementy aktywnosci tworzg w cyklu dobowym §cigle okreslong sekwencje,
zapewniajaca optymalnie w nieznanym terenie wysoka przezywalno§é. W ogdél-
nym schemacie przedstawia si¢ ona nastepujaco: kazde zZerowanie poprzedzane

¢
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jest dlugim rozpoznawaniem bezpieczenstwa zerowiska (penetracja), kazdy
przelot wedréwkowy nastepuje po zaspokojeniu glodu i zakaricza sie odpo-
czynkiem sprzegnietym z kolejnym rozpoznawaniem nowego zerowiska. Przelot
wedréwkowy przebiega na kilkakrotnie wyzszym pulapie lotu niz zerowanie.
W cyklu dobowym podejmowany jest z reguly dwukrotnie: w péZnych go-
dzinach porannych oraz przedwieczornych. Wedréwki nocne nie nalezg do
rzadko$ci. Wysoko§é lotu uzalezniona jest od jego funkejonalnego charaktern —
lot prostoliniowy (wedréwkowy) przebiega na wysokim pulapie, podczas gdy
penetracyjny, krzywoliniowy (zerowiskowy) odbywa si¢ na g$redniej i malej
wysokosei. Odnognie cyklu dobowego podezas stacjonowania koczowiskowego
autor zauwaza, iz ogélny schemat aktywnos$ei nie ulega zmianie — zamiast
fazy przelotu odpowiednio przedluza si¢ czas zerowania.

W rozdziale dotyczacym struktury stadnej, powiazaii rodzinnych i prze-
zywalnofei w okresie wedrowek autor stwierdza, ze prawdopodobnie wiekszo§é
rybitw podezas przelotu wiosennego rozbita jest juz na pary. Przelot jesienny
odbywa sie w grupach 2—4 osobniki (tab. 3). Przecietna wielko$é stada podezas
przelotu wiosennego, jak réwniez jesiennego w poélnocnych regionach Polski
jest wieksza, niz na poludniu. Wiagze si¢ to z: a) wstepnym zrzeszaniem sie
ptakéw przed utworzeniem kolonii legowych, b) z tworzeniem w dogodnych
pod wzgledem zerowiskowym oraz wypoczynkowym miejscach na wybrzezu
wiekszych agregacji. Powigzania stadne u H. caspia sg mniej trwale oraz mniej
wyraziste, niz wsr6d mniejszych gatunkéw rybitw. Miedzy wielkoscia stada
a wysokoscig lotu oraz ukierunkowaniem na poludnie (w przypadku wedréwki
jesiennej) zachodzi do§é Scista zaleznosé (wykresy: 22, 23). Swiadezy to, iz
rybitwy wiladciwej wedréowki dokonuja jedynie w grupach. Struktura stadna
i powigzania rodzinne w ciggu dnia podlegaja okreslonym zmianom. Seisle
podporzadkowane sa one funkeji zerowania, wlasciwego przelotu wedréwko-
wego a przede wszystkim zapewnieniu kazdemu z osobnikéw maksymalnego
bezpieczenistwa. Szczeg6lng uwage zwraca autor na zagadnienia utrzymywania
przez badany gatunek koneksji rodzinnych podezas wedréowek. Sa one pod-
trzymywane przez caly okres wedréwkowy i trwaja najprawdopodobniej do
przylotu na zimowiska. W eyklu dobowym przejawiaja si¢ wylacznie podezas
wladciwego przelotu wedréwkowego (wykr. 18). Sens biologiczny utrzymy-
wania wiezi rodzinnych przez czas dluzszy po okresie legowym polega na korzy-
staniu przez osobniki mlodociane z do§wiadczenia osobniczego ptakéw doro-
slyech podezas przebywania w terenie niespenetrowanym. Dzigki temu $mier-
telno§¢ w pierwszym roku zycia rybitw wielkodziobych jest nieznaczna (26°/,)
i np. o polowe nizsza, niz u gatunkéw wiekszych, lecz tworzacych odrebne pod
wzgledem wieku stada. Rola dokarmiania mlodych ma wiee znaczenie drugo-
rzedne. Podezas stacjonowania koczowiskowego wiezi rodzinne slabna, zwigksza
sie natomiast dyspersja osobnikéw mlodocianych (wykr. 19). Rozpatrajac
zwigzki przyezynowe miedzy strukturg stadng a przezywalnosecig, autor udo-
wadnia, iz maksymalny stopien zintegrowania stadnego obserwuje sie¢ w mo-
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mentach najwiekszego zagrozenia (wlasciwy przelot wedréwkowy, przebywanie
na noclegowiskach). W terenie spenetrowanym dochodzi do najwiekszej dys-
persji. Decydujacymi dla przezywalno$ei sa dwa momenty: a) rozpoznawanie
w nowym terenie marginesu bezpieczenstwa (zasadnicza role odgrywa tu do-
wiadezenie osobnieze ptakéw rodzicielskich), b) efektywnosé tego bezpieczeii-
stwa rzutujaca na mozliwo§é¢ dyspersji i maksymalnego wykorzystania $ro-
dowiska pod wzgledem troficznym (zasadniczg role odgrywa tu nasilenie czyn-
nika antropogenicznego). Zachowanie odpowiedniej struktury socjalnej w eyklu
dobowym pozwala migrantom wzglednie szybko i sprawnie spenetrowaé nowy
teren a w konsekwencji wykorzystaé go troficznie. Zaklécenia rytmu zmian
struktury stadnej w cyklu dobowym sg wiee dla gatunku w okresie wedrowek
szezegoOlnie niekorzystne. Z czynnikéw zaklocajacych na plan pierwszy wysuwa
si¢ wplyw silniejszych wiatréw (wykresy: 20, 21). Inne czynniki meteorologiczne
nie wykazuja istotnego wplywu. Ogélnie, w cyklu dobowym obserwuje sig
narastajaca od wezesnych godzin porannych az do diapauzy poludniowe]j
dyspersje. W drugiej polowie dnia wystepuje tendencja przeciwna tj. dazno§é
do integracji. Autor wyréznia 4 stopnie zintegrowania stadnego wsréd . caspia
(tab. 5). Najsilniej powigzane sg ze soba ugrupowania rodzinne; najstabiej —
typowe agregacje tworzace sie w miejscach wypoczynkowych.

Przedostatni rozdzial poswigcony jest zagadnieniom wplywu eczynnikéw
frodowiskowych na przestrzenny przebieg wedréwki. Na podstawie analizy
zebranego wedlug specjalnego zaprogramowania materialu z rejonu ujécia
Sanu oraz ogélnych danych z obszaru calej Polski autor dochodzi do przeko-
nania, ze: a) nawigacja wedrowkowa rybitwy wielkodziobej w znacznej mierze
opiera sie na wykorzystywaniu tzw. linii ukierunkowujacych, jakimi sa wy-
brzeza morskie oraz rzeki. W punktach krytycznych przy ujéciach rzecznych
(rozwidlanie si¢ szlaku) wybér wilasciwej drogi rzutuje zasadniczo na dalszy
przebieg wedréwki oraz losy migrantéw. Kazdorazowy akt wyboru okres§lonej
trasy uzalezniony jest, poza motywacja wewnetrzna, od aktualnie oddziatywu-
jacych ezynnikéw Srodowiskowych; b) wedréwki badanego gatunku wzdiuz
linii rzek moga odbywadé sie jedynie do momentu, gdy szerokos§é rzeki jest jeszcze
wzglednie dostateczna (lustro wody nie wezsze, niz 60-70 m). Decydujacs
role odgrywa tu czynnik bezpieczenistwa uwarunkowany mozliwo$cig kontroli
przestrzeni o promieniu prawdopodobnie nie mniejszym, niz charakterystyczny
dla badanego gatunku dystans ucieczki osobnikéw dorostych; ¢) z chwilg
zwezenia si¢ rzeki ponizej tej krytycznej szerokoci, rybitwy porzucaja ja.
Do chwili odnalezienia nowej rzeki (wzglednie wybrzeza), stanowiacej nowa
lini¢ ukierunkowujaca, zachowuja podezas przelotu ogélny charakterystyczny
dla gatunku kierunek. Zeruja woéweczas, wzglednie stacjonuja, na wiekszych
zbiornikach napotykanych przygodnie. Za bardzo istotny moment rzutujacy
na caloksztalt wedréwki uwaza autor problem preferowania przez migrantéw
okreslonego szlaku. W zwigzku z tym koncentruje si¢ on na: a) ustaleniu kry-
teriow wykrywalnodci preferencji, b) charakterystyce iloSciowej zjawiska oraz
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¢) przebadaniu czynnikéw limitujacych szanse preferowania. Za bezsporne
fakty preferencji trasy ,,San” przyjmuje autor obieranie koryta tej rzeki przez
osobniki lecace §rodkowym oraz lewym sektorem Wisly (24,7°/, ogélu prze-
latujgcej populacji) (tab. 3). Na ilofciowy aspekt zjawiska rzutuje wysoko§é
lotu (tab. 7, wykr. 25), od ktérej uzalezniony jest stopien orientacji przestrzennej
a zatem szansa preferowania wlasciwej trasy. Do czynnikéw najbardziej obni-
zajacych szanse aktywnego preferowania okreslonego szlaku naleza dominujace
(w przypadku przelotu jesiennego) silniejsze wiatry NW (powyzej 2-3° Beau-
forta) (tabele: 8-11; wykresy: 26-27). W niektérych sytuacjach moga one
zupelnie uniemozliwié¢ preferowanie wilasciwej trasy. Sadzac z przykladu wed-
réowki jesiennej w rejonie ujcia Sanu (wykr. 24), z gérg polowa rybitw miala
dobre warunki atmosferyczne dla orientacji przestrzennej, a wiee nie byla
pozbawiona mozliwo§ei obrania szlaku zgodnego z motywacja wewnetrzng
(tab. 12). Czynniki zaklécajace mozliwo$é preferencji wyzwalaja dzialanie
mechanizméw kompensacyjnych pozwalajacych w punktach krytyeznych na
bierne obieranie wlasciwej drogi (lot prawym sektorem Wisly). W dalszej
czedei rozdzialu autor szezegbélowo analizuje zalezno§é szans preferencji od
wysokogei lotu (wykresy: 25-29), dochodzi do wniosku, iz ezynniki ksztaltujace
te wysoko§é faktycznie wspomniane szanse limituja. W koncowej konkluzji
autor podkrefla, iz w $wietle przeanalizowanych materialow wydaje si¢ malo
prawdopodobne, by nawet ptaki starsze, posiadajace znaczne doSwiadczenie
osobnicze, mogly co roku odbywaé¢ wedréwke Scifle ta sama trasg. Prze-
strzenny przebieg wedréwki, précz ogélnie ukierunkowujacej motywacji
wewnetrznej, ksztaltowany jest przez oddzialywanie w kazdym momencie
konkretnych czynnikéw zewnetrznych. :

Objaénienia do wykreséw, mapy i tabel:

Wykres 1. Rozklad spotkan H. caspia w Polsce w ostatnich 100 latach. O§ pionowa —
liezba spotkan w procentach w stosunku do ogélnej ich liczby w kazdej kategorii; o§ po-
zioma — lata; 4 — pélnocna czesé Polski; B — poludniowa czesé Polski; O — ogblny dla
Polski rozklad spotkan (n = 423).

Wykres 2. Rozklad spotkanii H. caspia w Polsce w poszezegélnych porach roku. 08
pionowa — odsetek spotkan w stosunku do ogélnej ich liezby; o8 pozioma — lata; 4 —
spotkania w miesigcach: mareun, kwietniu i maju; B — spotkania w czerweu oraz lipeu;
O — spotkania w sierpniu, wrzeniu oraz pazdzierniku (n = 423).

Wykres 3. Przelot wiosenny H. caspia w Polsce. O§ pionowa — odsetek spotkain oraz
frekwencja osobnikéw w stosunku do ich ogélnej liczby; 0§ pozioma — miesigee; 4 — frek-
wencja osobnikéw; B — liczba spotkani (ng = 183, np = 58).

Wykres 4. Przelot jesienny H. caspia w Polsce. 0§ pionowa — odsetek spotkan oraz
frekwenecja osobnikéw w stosunku do ogélnej ich liezby (z prawej — w ujeciu kumulatyw-
nym); o8 pozioma — miesigee; A’ — frekwencja osobnikéw; B’ — liczba spotkain (4, B
8a ogiwami krzywych A4’, B’) (ny = 1092, agp = 336).

Wykres 5. Przelot jesienny H. caspia w poéinocnych regionach Polski (na pélnoe od
52°30’ szer. p6in.). O§ pionowa — odsetek spotkairi oraz frekwencja osobnikéw w stosunku
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do ich ogélnej liczby; o§ pozioma — miesigee; A — frekwencja osobnikéw; B — liezba
spotkai (ng = 604, np = 122).

Wykres 6. Przelot jesienny H. caspia w pélnoenych regionach Polski (na poludnie od
52°30” szer. péIn.). Oznaczenia jak na wykresic 5 (nyg = 488, np = 214).

Wykres 7. Kierunkowosé lotu H. caspia podezas wedréwek jesiennych w 1961 rolm
w rejonie ujscia Sanu. 0§ pionowa — odsetek osobnikéw w stosunku do ogélnej ich liezby;
0§ pozioma — miesigee; § — osobniki lecgee w kierunku poludniowym; N — w kierunku
poéluoenym (n = 203).

Wykres 8. Przelot jesienny H. caspia w 1961 roku w rejonie njéeia Sanu. O§ pionowa —
odsetek spotkan oraz frekwencja osobnikéw w stosunku do ogélnej ich liczby ; 0§ pozioma —
miesigee; A — frekwencja osobnikéw; B — czesto$é spotkan (ny = 207, np = 97).

Wykres 9. Przelot jesienny H. caspia w 1960 roku w dolnym biegu Sanu oraz w érod-
kowym biegu Wisly. Oznaczenia jak na wykresie 8 (n4 = 91, np = 39).

Wykres 10. Spotykalno$é H. easpia w czerwen i lipeu w péinoenyeh regionach Polski.
0§ pionowa — udzial procentowy w stosunku do kazdej kategorii spotkan; o§ pozioma —
miesigee; 4 — frekwencja osobnikéw; B — liczba spotkan (nyg = 98, np = 34).

Wykres 11. Aktywno&é H. caspia w cyklu dobowym. O§ pionowa — udzial procen-
towy spotkan w stosunku do ogélnej ich liczby; o§ pozioma — godziny; A — aktywnosé
dobowa na podstawie materialow zebranych w 1960 roku; B — na podstawie materialow
z 1961 roku; O — wypadkowa krzywych A, B (n = 148).

Wykres 12. Aktywno&é H. caspia w eyklu dobowym (na podstawie materialéw dra
B. JABLOXSKIEGO zebranyeh w 1960 roku na Mewiej Rewie). O§ pionowa — udzial pro-
centowy obserwowanych osobnikéw w stosunku do ich liezby ogélnej; o pionowa — go-
dziny (n = 60).

Wykres 13. Grupowosé H. caspia w eyklu dobowym (1961, San-Wisla). 0§ pionowa —
udzial procentowy poszezegolnych kategorii grupowyeh w stosunku do ogéluej liczby spot-
kaii; 0 pozioma — godziny; kategorie grup: 4 — 1 osobnik, B — 2 osobniki, ¢ — 3 osob-
niki, D — grupy powyzej 3 osobnikéw (n = 114).

Wykres 14. Grupowoéé H. easpia w eyklu dobowym (1960-1961, San-Wisla). 0§ pio-
nowa — udzial procentowy poszezegélnych kategorii grupowych w stosunku do liezby
spotkari w obrebie danego przedzialu klasowego; pozostale oznaczenia jak na wykresie 13
(n = 148).

Wykres 15. Wysokosé lotu H. caspia a pora dnia (1961, San-Wisla). O§ pionowa —
udzial procentowy spotkanych osobnikéw w stosunku do ich liczby ogélnej w obrebie posz-
czegblnych kategorii wysokodei; o8 pozioma — godziny; A — lot na wysoko$ei do 20 m;
B — do 50 m; 0 — do 150 m (n = 101).

Wykres 16. Kierunkowo$é lotu 7. easpia w cyklu dobowym (1960, 1961, San-Wisla).
0§ pionowa — udzial procentowy spotkan osobnikéw lecacych w danym kierunku w sto-
sanku do ich liczby ogélnej; o pozioma — godziny; A — lot w kierunku S, B — w kierunku
N (n = 148).

Wykres 17. Bilans kierunkowoSci lotu H. caspia w cyklu dobowym (1960, 1961, San-
~Wisla). OS pionowa — (z prawej) udzial procentowy lotéw w kierunku S w obreghie danego
przedzialu ezasowego, (z lewej) udzial lotéw N w danym przedziale czasowym; o§ pozioma
— godziny (n = 148).

Wykres 18. Charakter socjalny ugrupowan . caspia w cyklu dobowym podezas prze-
lotu jesiennego (1961, San-Wisla). O& pionowa — udzial procentowy poszezegblnych ka-
tegorii ugrupowan w obrebie danego przedzialu czasowego; o§ pozioma — godziny, 4 —
rodziny, B — stada, ¢ — pojedyncze osobniki.

Wykres 19. Grupowoéé H. caspia podezas przelotu jesiennego (1961, San-Wista). 0§
pionowa — udzial procentowy poszezegélnych kategorii ugrupowan w stosunku do ogélnej
liczby spotkar; o pozioma — miesigee; ugrupowania: A — pojedyneze osobniki, B —
skladajace si¢ z 2 osobnikéw, C — z 3, D — z 4-5 osobnikéw (n = 83).

http://rcin.org.pl
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Wykres 20. Zalezno&é wielkoéei stada H. caspia od sily wiatru (1961, San-Wista). 0§
pionowa — udzial procentowy spotkari danej kategorii stada w stosunku do ogélnej liczby
spotkan tej kategorii; o pozioma — sila wiatru w stopniach skali Beauforta; 4 — rozklad
spotkan pojedynezych osobnikéw, B — stad utworzonych z 2 osobnikéw, 0 — z 3 (n = 69).

Wykres 21. Wplyw sily wiatru na rozproszenie H. caspia (1961, San-Wisla). O§ pio-
nowa — udzial procentowy pojedynczo spotykanych osobnikéw w stosunku do spotkan
pozostalych kategorii ugrupowan w obrebie danej klasy sily wiatru; oé& pozioma — sila
wiatru w stopniach skali Beauforta (n = 69).

Wykres 22. Wspélzalezno&é wysokosci lotu H. caspia i wielkosei stad (1961, San-Wisla).
0§ pionowa — udzial procentowy spotkar danej kategorii stada w stosunku do ogélnej
liczby spotkan tej kategorii; o§ pozioma — wysoko&é lotu w m; 4 — ogblny rozklad lotu
wszystkich notowanyech stad; B — rozklad wysokoéei lotu pojedynczo spotykanyeh osob-
nikéw; 0 — wysokoéé lotu stad liczgcych 3-4 osobniki.

Wiykres 23. Rozklad wielkoéei stad H. caspia podezas przelotu na poludnie w okresie
wedréwek jesiennych (1961, San-Wisla). O§ pionowa — odsetek obserwowanych osob-
nikéw; 0§ pozioma — wielko&é stada; 4 — odsetek rybitw lecacych na poludnie w obrebie
danej klasy wielkoéei stada; B — odsetek w stosunku do ogélnej liczby osobnikéw lecaeych
na poludnie (n = 167).

Wykres 24. Obieranie przez H. caspia trasy ,San” wzglednie ,Wisla” przy zlewaniu
sig tych rzek (przelot jesienny w 1961 r.). O§ pionowa — odsetek osobnikéw w stosunku
do ogélnej ich liezby notowanej podezas przelotu; o§ pozioma — miesigce; 4 — osobniki
obierajgce Wisle; B — obierajgce San (n = 189).

Wiykres 25. Wysoko&é lotu a preferencja trasy ,San” wzglednie ,,Wisla” (1961, San-
-Wislta). 0§ pionowa — odsetek spotkan w stosunku do ogélnej ich liezby notowanej dla
danej trasy; of pozioma — wysoko&é lotu w m; 4 — wysoko§é lotu osobnikéw powyzej
ujécia Sanu nadal lecgeych Wisla; B — wysoko&é lotu rybitw, ktére wybraly trase ,San”.

Wykres 26. Wplyw zachmurzenia na wysoko$é lotu H. caspia (1961, San-Wisla). O§
pionowa — odsetek spotkan rybitw obserwowanych przy danym stanie zachmurzenia;
o8 pozioma — wysoko&é lotu w m; 4 — rozklad wysokoéci lotu przy bezchmurnej pogodzie
(zachmurzenie 0); B — przy stanie zachmurzenia 1-8°; 0 — przy calkowitym zachmurzeniu
(stopien zachmurzenia 10°).

Wykres 27. Wplyw sily wiatru na wysoko&é lotu H. caspia (1961, San-Wisla). Oé pio-
nowa — odsetek spotkar rybitw w stosunku do liczby notowanej w obre¢bie danej kate-
gorii wysoko&ei; o§ pozioma — sila wiatru w stopniach skali Beauforta; A — rozklad cze-
stoci spotkan rybitw lecacych na wysokoéei do 20 m; B — lecgeych na wysokoéei 21-50 m;
0 — na wysokoéei 51-150 m.

Wykres 28. Wspéblzaleznoéé wysokodei i kiernnkowosdei lotu H. caspia (1961, San-
—~Wisla). O§ pionowa — odsetek rybitw w stosunku do ich ogélnej liczby w obrebie danej
kategorii kierunkowoéei; o pozioma — wysoko&é lotu w m; N — rozklad wysokoSei lotu
osobnikéw lecgeych w kierunku N; 8 — rozklad wysokoéei lotu osobnikéw lecgeych w kie-
runku S (n = 70).

Wykres 29. Wspolzaleznoéé wysokoei i charakteru lotu H. caspia (1961, San-Wisla).
0§ pionowa — odsetek osobnikéw w stosunku do ich ogélnej liezby w obrebie danej kate-
gorii lotu; o pozioma — wysoko§é lotu w m; A4 — lot prosty; B — lot krzywoliniowy
penetracyjny.

Mapa 1. Plan sytuacyjny rejonu ujscia Sanu do Wisly. 1 — zbiorniki wodne, 2 —
zabudowania, 3 — waly przeciwpowodziowe, 4 — zadrzewienia, 5 — punkt obserwacyjny
podezas badar nad wedréwkami H. caspia.

Tabela 1. Charakterystyka przelotu wiosennego i jesiennego H. caspia w Polsce. (1) —
przelot, (2) — wiosenny, (3) — jesienny, (4) — obszar kraju leZgey; (5) — obliczono na
podstawie liczby; (6), (10) — liczba obserwowanych osobnikéw wzglednie liczba spotkaii,
(7), (11) — érednia, (8), (12) — blad standardowy (w dniach), (9), (13) — odchylenie stan-
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dardowe (w dniach), (14) — na pélnoc od 52°20’ szer. péln., (15) — na poludnie od 52°30’
szer. poin., (16) — caly obszar kraju ,(17), (19), (21) — obliczono, wedlug liczby obser-
wowanych osobnikéw, (18), (20), (22) — obliczono wedlug liczby spotkan.

Tabela 2. Wspolzalezno&é wysokosci lotu oraz innych elementéw zwigzanych z aktyw-
noseig dobowa H. caspia (1961, San-Wisla). (1) — zalezno&é od: (2) — %2, (3) — df (liczba
stopni swobhody), (4) — P (prawdopodobienstwo), (5) — zalezno$é od pory dnia, (6) — od
kierunkowosei S-N, (7) — od kierunkowodei San-Wisla, (8) — liniowo$é lotu (prosty,
krzywoliniowy penetracyjny).

Tabela 3. Przecigtne wielkogei ugrupowan stadnyeh H. caspia w okresie przelotéw
w Polsce. (1) — terytorium Polski lezgce, (2) — przecietna wielko§é ugrupowania, (3) —
podezas przelotu wiosennego, (4) — podezas przelotu jesiennego, (5) — na péhoc od 52°307
szer. p6in. (6) — na poludnie od 52°30’ szer. p6éin., (7) — caly obszar Polski.

Tabela 4. Wysokosé i kierunkowo&é lotu H. caspia w zaleznoéei od struktury socjalnej
ugrupowania (wysokosé w m), (1961, San-Wisla). (1) — charakter ugrupowania, (2) —
charakterystyka, (3) — érednia, (4) — odchylenie standardowe, (5) — blad standardowy
(6) — odsetek osobnikéw lecgcych w kierunku S, (7) — leegeych w kierunku N, (8) —
rodziny, (9) — stada, (10) — pojedyncze osobniki.

Tabela 5. Integracja stadna H. caspia podezas przelotu jesiennego (w ujeciu procen-
towym wedlug liczby osobnikéw; 1961, San-Wisla). (1) — charakter ugrupowania, (2) —
stopieni zintegrowania, (3) - (6) — gradacja zintegrowania, (7) — razem, (8) — rodziny,
(9) — stada, (10) — pojedyncze osobniki.

Tabela 6. Analiza przebiegu koczowisk polegowych oraz przelotu jesiennego H. caspia
w rejonie ujSeia Sanu (w ujeciu procentowym). (1) — rzeka, (2) — sektor rzeki, (3) —
osobniki wylaeznie wedrowne, (4) — odsetek osobnikéw leegeych, (5) — Wisly ponizej
ujscia Sanu, (6) — w dalszym ciggu Wisla powyzej ujécia, (7) — dalej tylko Sanem, (8) —
udzial sektora w przelocie, (9) — do ujSeia Sanu, (10) — powyzej ujécia Sanu, (11) —
osobniki wedrowne i koezujgee lgeznie — loty w kierunku, (12) — na poludnie, (13) —
na péinoc, (14) — odsetek osobnikéw koczujacych, (15) — sektor lewy, (16) — érodkowy,
(17) — prawy, (18), (19) — ogblnie.

Tabela 7. Wysokosé lotu a preferowanie przez H. caspia trasy ,San” (wysoko&é w m).
(1) — przeci¢tna wysoko$é lotu, (2) — sektory Wisly, (3) — lewy i érodkowy, (4) — prawy,
(5) — wysokosé lotu osobnikéw obierajgeych trase ,San”, (6) — osobnikéw lecgeych
dalej tym samym sektorem Wisly.

Tabela 8. Przelot H. caspia okreSlonym sektorem Wisly oraz preferowanie trasy ,San”
w zaleznofei od stopnia zachmurzenia i sily wiatru (w ujeciu procentowym). (1) — rzeka
i sektor, (2) - czynniki atmosferyezne, (3) — zachmurzenie (wedlug 10-stopniowej skali),
(4) — sila wiatru (wedlug skali Beauforta), (5) — sektor lewy, (6) — érodkowy, (7) —
prawy, (8) — San (ogélnie), (9) — Wisla (ogdélnie).

Tabela 9. Zaleznosé kierunkowosei lotéw H. caspia od stopnia zachmurzenia (w ujeciu
procentowym). (1) — lot w kierunkach, (2) — stopieri zachmurzenia (wedlug 10-stopniowe;j
skali).

Tabela 10. Frekwencja H. caspia podezas przelotu jesiennego w warunkach bezwietrz-
nej pogody oraz przy réznych kierunkach wiatru (w ujeciu procentowym). (1) — warunki
przelotu, (2) — frekwencja w ujeciu procentowym, (3) — lot przy bezwietrznej pogodzie,
(4) — lot przy wietrze z kierunkéw.

Tabela 11. Frekwencja H. caspia w zaleznosei od sily i kierunku wiatru (w ujeciu pro-
centowym; wedlug skali Beauforta). (1) — kierunck wiatru, (2) — sila wiatru, (3) — kie-
runck NW, (4) — inne kierunki, (5) — ogélem.

Tabela 12. Warunki pogodowe przelotu jesiennego H. caspia w rejonie ujécia Sanu.
(1) — charakter pogody, (2) — pochmurna (2-10°), wietrzna (2-6°), (3) — pochmurna
(2-10°), bezwietrzna (0-1°), (4) — bezchmurna (0-1°), bezwietrzna (0-1°), (6) — odsetek
osobnikéw wedrujaeych przy danym typie pogody.
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PE3IOME

PaboTta oCHOBBIBAETCSI HA MaTepuasie cocToOsIMM M3 423 Berpey uerpasl, Hydro-
progne caspia (PALL.) B TTonbure B Tevenne 1800—1966 rr. U3 atoro uncna 28,4%, Berped
COCTaBJIAIOT MaTEPHAIIbI COOPaHHBIE JIMYHO aBTOPOM B mieproa 1960—1966 rr. B cpennem
n HIKHEM Tevyennn peku Can u B cpejnem TeveHun Bucuibt., TTy6inikoBanubIe, BhIOpaHHbe
M3 OPHUTOJIOTHYECKON JMTEPATYPhl MaHHBIC. COCTABIAIOT 23,9%,, MaTepuasbl NpeaocTas-
JICHHBIE aBTOPY NMOJLCKMMM OPHHTOJOTAMM JUIsl CTATHCTHYECKOTO HMCIOJIL30BaHHS OXBa-
ThIBaloT 47,7%,. OcHOBHOI 1esbl0 paboThl sBNsAETCS paspaborka Gojiee CylECTBEHHBIX
BONPOCOB OMOJIOTHH MHTPAIMOHHOIO NEPHOJA B CIEAYIOUIMX ACNEKTaX: a) BEKOBBLIX M3~
MEHCHMH, KOTOPBIM NoABeprajack 6aJTHiiCKas IMOMYJISAIMs HerpaB B TEUCHHE ABYX 1OCIIE -
HHUX CTOJeTHif, 6) H3MEHEHUM OOBIMAEB B CBA3H C NEPEXOJOM Ha TPAHCKOHTHHEHTAJIBHYIO
murpanuio. Kpome toro, 6osnee umpoxo 6yjaeT aHaJM3MPOBaH HOBbIH BOMPOC — BIHSHUEC
BHEIMHMX (PAKTOPOB Ha HpeepeHIHIO ONPEeAENEHHOrO IYTH M TIPOCTPAHCTBEHHBIH X0
nepeJsiera.

B xpatkom nepecMoTpe padoT onyOJMKOBAHHBIX B IOCIEBOCHHBI NEPHO/L aBTOP 00pa-
IJaeT BHUMAHME JHIIb HA 00JIee CylIeCTBEHHBIE MOMEHTHI 0MON0rHK (TIOJIHbIH NEPECMOTP
HCCIeZIOBAHMUI 10 YerpaBe a Takxke 300reorpauyeckuii aHauau3 BCTpey verpassl B [1oiib-
me Oyner nmonan B pabote JlospoBoibckoro (B mevatu)). B moapaszznene kacarommmces
METOJIMKH aBTOPOM NOJAMEPKHUBACTCS, 4TO MaTepHalbl OTHOCHTENBEHO Ononoruu cobu-
PAJIHCh 1O CIICIMANbHOM NporpaMMe (B KaXZoM HaOJIOJICHHH YYMTBIBAJIOCH 14 pasimy-
HBIX mapameTpos). C aToit nenbio npu ycrbe Cana B Bucily B TeueHue aBrycra —oxTsa0ops
1961 r. u B anpene 1963 r. BeaHCh HENPEpPHIBHO B TeueHue aus (490—2000) nadarosenus
Hax nepenetoMm (B cymme 546 wacos HaOmromenwuii).

Bo BTOpOI r11aBe, NOCBSIEHHOM XapakTepy npebriBanus B npeaenax ITonbliuu, aBTopomM
OTMEYACTCSA, UTO C (PayHHCTHYECKOH TOYKH 3PeHMs MOSBIICHHE YT PaBhI CTaJI0 NpHobpeTaTh
snavenue mocie 1930 roma (no 1930 roma oTMeueHo exuHCTBEHHO 5,49, Betpey). Jo 1950
roja KoJuM4ecTBO BCTpeu Bospactaer a0 8,04%, u B nepuoa 1950—1960 nacrynaer BHe-
3aIHOe YBEJIMYEHHE BCTPEYAEMOCTH —— YerpaBa CTAHOBHTCS PETyJSPHO TEpesieTarolM
yepe3 ITonbury BuzoM. OcTaercs 370 B TECHOM CBSA3M C 00LIEH 9KCIaHCHBHOCTBIO DaiTHif-
CKOIf MOTYJISIMK B CEBEPO-BOCTOYHBIX paiioHax BanTuku ¥ o61MM KOJMYECTBEHHBIM ee
BO3pacTanueM. [IuHaMuKa BCTpeyaeMoCTH 4erpassl B [losblie mpezcTapyiena Ha rpadu-
xax 1, 2. OcHOBHBIM MHTpamuOHHBIM TiyTeM B Ilonbiie ssaserca Bucia (48,7%, serpeu
B npejiesiax cTpausl) u ee npasobepexusie nputoxn (Can, Bucioka, Jdynaerw). Pexu Byr
u Oxpa HE MMEIOT CYHIECTBEHHOTO 3HAYCHMsl, KaK MHUIPALMOHHBIE INyTH. ABTOPOM
OTMEYAETCs, YTO, XOTS 3HAYECHME TPAHCKOHTHHEHTAJLHBLIX ITIEPEJIETOB BCE BO3pacTacT,
CTapblii MOPCKOM IyTh TO-TIPEXKHEMY HMIPAIOT M3BECTHYIO posib B mepesetax. ['opryio
nens Kapnart ormbaer yerpaBa ¢ BOCTOYHOM CTOPOHBI — W3 HoauHBI CaHa npoHuKaer
B nonuHy JlHecTpa, a Taxke JOJHHAMM TPUTOKOB BHCIIbI, KaK CIENyeT npeanojarars,
TiepesieTaeT 3TH ropbl B 3amaaHoi ux wactu. Yepez Mopasckue Bopora mepesieraer,
BEPOSTHO, HE3HAYMTEIIbHbIH IPOLEHT HCCIEAYEMOTO BHJA.

B noapaszeiie KacaromumMces BCTPEYAaCMOCTH B T'OAUYMHOM I[HKJIE YHCIIEHHBLIC COOTHO-
IICHUS B COOTBETCTBCHHBIX BPEMCHAX TrojZla, KakK TOAYEPKHBACT aBTOp, 0T06pa>|ca}oT
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o010 CHTYaIHIO, B MACTHOCTH BEJIHMMHY PENpOJIYKIHM HA rHe3jtoskax. Becewwplii re-
pesieT npoxoauT ObICTPo M komMnakTHO (B cpeanem st Tlombmm — 25 anpeis), Ha 1ore
IMoneim nepeser npoxoauT 6onee ObICTPO, YeM B ceBepHBIX paitonax (rpadik 3). Ocennwuii
nepener npoberaer B AByX BonHaxX. CKOPOCTb MHIPALMKU TIO CPABHEHMIO C BCCCHHHMM Tie-
peneToM sBasercs Oosee 3ameienHoi (rpadux 4). Yerpasbr nepenerarouye B nepsoii
BOJHE BeAyT cebsi PEUIMTENHHO KaK TPAHCKOHTHHEHTAJLHBIE MUIPAHTBI, YYaCTBYIOLINE
BO BTOPOM BOJIHE B INECPBOHAYANBHOM CTAIHH 3aJEPKHBAIOTCA Y MOJLCKHX TOOEpekuii
Bajatuku, rae nMpoBOAAT KOYEBKH, B MOCJHEAHEH (pa3e 37T0i BOJHBI 3HAYMTEbHAN 4aCTh
IITHIL JIETUT BAOJIb MOPCKHX ToOepexuit. MUTrpupyloume BoJib PEK Herpasbl U3 BTOPOH
TIepesieTHOM BOJHBI MOTYT 3aJI€pPKUBATHCS B ONPEICICHHBIX YCIOBHsAX Jaxe Ha Gosee
NPOOJIXKNTEIbHOE BPeMS IPOH3BOMS €HHCTBEHHO MECTHBIE KoueBKH. [TockosibKy mpo-
JIeTalolMe B TCYEHHE aBrycTa YErpaBbl Ha paBHE C CYryb0 MHIPAUMOHHLIM TEPEJIeTOM
NPOM3BOMAT THIIMYHBIE JUIS MOCJIETHE3/I0BOI0 MEPHO/Ia KOUEBKH, TOCTOJIbKY B CeHTSOpe
9707 BuA nosBasercs B [Tosibllie HCKIIOUMTENBHO B KavecTBe Murpauta. Pasnuuus ma-
Gi10/1aCMbIe MEX/IYy OCCHHMM TI€pesieTOM B CEBEPHBIX M FOXKHBIX paifoHax CTpaHbl 1O-
kazanbl Ha rpaduxax 5, 6. Ha cesepe nepesner B GOJbLIONH CTENEHH COBMEILAETCS C TIO-
CJICIHE3I0BBIMHM KOYEBKAMM M JICTOBAHHEM, Ha 10T€ YerpaBa BCTPEYAETCS TJIaBHbIM 0Opa-
30M B Ka4yecTBE TPAHCMHUIPAHTA, XOTs CTAallMOHApHble KOYeBKH B Grarompusinom Ouo-
TONE HE CUNTAIOTCA PeAKOCThIO. JleToBaHue 6e3 NMPH3HAKOB I'HE3IOBAHUS B TEYCHHE JIeT-
HHX MECSHIEB HA TOJbLCKOM Tobepesxbe oTMeuaeTes 6onee onpenenenro nociae 1950 rona.
CraTUCTHYECKYIO XapaKTepHCTHKY (DEHOJIOTHH MHMIPALMOHHOIrO nepuoja (CpeaHss Bejn-
YHHA, CPE/IlEe KBAJAPaTHYECCKOE OTKJIOHCHUE M T. J. — Tab. 1) MoxkHa cuMTaTh 3a cyuie-
CTBEHHBIE OTHOCHTEJILHO TNMOCTOSIHHBIC CBOMCTBA MCCIIEYEMOI TIOTIYIISAINH.

B nocneayrouieii riaBe aHaJIM3UPYeTCs PUTMHKA CYTOYHON aKTHBHOCTH. ABTOPOM Bbi-
JIJIAFOTCS 3 KA JTIOKOMOTOPHOM aKTHBHOCTHM HENOCPEACTBEHHO CBA3AHHOMN C ONpe/ielieH-
HBIM Xapakiepom ee Ouonoruveckon (ynkumoHanvHocTH (rpaduxu 11, 12). Vrpenunit
muk (800—900) cocrouT M3 cymmupylowerocs sfdexra aBYX TUIOB aKTMBHOCTH: KOp-
MEXEK M COOCTBEHHO MHMIPALMOHHOIO Tepeiera, oaHako oba Tuna, Kak BO BPEMEHM, Tak
1 (ynxkunonanpHo nmpoberaioT HezaBHCHMO Apyr oT apyra. ITosnyaeHHoe CHUKEHHC aK-
THBHOCTH Ha jore anutes ¢ 1100 no 1390, a na nobepexse 1o 1490 yacos. TMocneoGeneHH bl
UK akTuBHOCTH (1490—1600) oXBaTBIBACT MCKIIOYMTENBHO KOPMEXKKH, B TO Bpemsi Kak
npeasedepHuit MK (1800—2000) cocTOMT M3 MEpeneToB MOYTH HCKIIOMMTENBLHO MUIpa-
LMOHHOTO XapakTepa. ABTOPOM TIOJMEPKMBAETCH, UTO (hYHKIMOHABHBIN Xapakiep ak-
THBHOCTH COOTBETCTBEHHBIX ITMKOB MOT ObITh OOHAPYXEH E€IMHCTBEHHO HA OCHOBAHWH
aHanM3a M3MEHSIOLMXCS B CYTOYHOM IMKJIE 3JIeMeHTOB moseneHus (rpadukm 13—17).
OcoGeHHO TI0JIe3HBIM 0KA3aJI0Ch TYT MPUMEHEHHE TecTa > s MCCIENOBAHUs B3aUMO-
3aBHCHMMOCTH BBICOTHI TIOJIETa M APYIMX €ro napamerpoB (HanpapiieHHOCTB S—N, nps-
MOJIMHEHHOCTh — Ta0. 2). ABTOp H0Ka3bIBACT, YTO OTJEJIbHBIE 3JIEMEHTHI CYTOUHOH aK-
THBHOCTH B CYTOYHOM I[HKJIE COCTABJISIOT OMPE/EJICHHYIO CEKBEHIIHIO 00ecrneynBarolylo
Ha Hepa3BeJaHHON TEPPUTOPHM BLICOKYIO CTeNeHb IepexkuBaemMocTH. B obuiem npen-
CTABJISIETCSl OHA CIEAYIOIIMM 00pa3oM: KaxI0il KapMekKKe TNpeauiecTByeT UTHTEIbHOE
pasBenbiBaHKe CTeNneHH 0e30MacHOCTH TEPPUTOPHH KOPMEXeK, Kaxzabii cyrybo murpa-
TIMOHHBIN TIEpeJieT CIeJyeT TOCHe YTOJEHHs rojoJa M 3aKaHYMBAE€TCs OTIBLIXOM COBIA-
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JIAIOIIMM C OJIHOBPEMEHHBIM PACIO3HABAHHEM CTENECHH Oe30IIacHOCTH MECT HOBOM KOp-
MEeXKH. MHUIpalMoOHHbIH nepeseT nmpoberaer Ha BLICOTE€ B HECKOJIBLKO pa3 Goiblie, Yem
NIOJIETHI CBA3AHHBIE C PAa3BICKUBAHUEM NUILH. B TeyeHue aHs, KaK MpaBuIIO, HTHUILI Npe/l-
NPHHMMAIOT €ro IBaXKIbl: B T03/HME YTPEHHBIC Yachl M NpeaBevepHee Bpems. He cuu-
TAIOTCS PEAKOCTBIO HOYHBIC TEpeneThl. BricoTa mepesieta 3aBHCHT OT ero (hyHKIHOHAIb-
HOTO XapakTepa — NepesieT NPSIMOJIHHEeHHbIH (MUIPALMOHHBIN) TPOXOAUT HA BBICOKOM
NIOTOJIKE, B TO BPEMs KakK TOJIET CBSI3aHHBIN C PA3bICKHBAHHEM TIHILM HEYIOPSI0YCHHBIN
10 HANPaBJICHHOCTH HAa0JII0/1aeTCsl HA CPETHEN M HU3KOM BLICOTE. OTHOCUTEJILHO CYTOMHOIO
LMKJIa B TIEPUOJI CTAIMOHAPHBLIX KOYEBOK, aBTOPOM OTMeEYaerTcs, uTo obias cxema ak-
TUBHOCTH HE M3MEHSETCS — BMECTO (ha3bl MUIPALMOHHOIO TIepesieTa COOTBETCTBEHHO
NPOIMBAETCS BpPeMs KOPMEKEK.

B rnape noCBAILEHHOI CTPYKTYpe CTaja, CeMEHHBLIX B3aUMOOTHOLUCHHH U TEPEKH-
BAEMOCTH B TIEPUOJ MHMIPAIMH aBTOPOM KOHCTATHPYETCs, 4TO, 1O BCEM BEPOSTHOCTH,
GompIIMHCTBO 0co0eif BO BpeMsi BECEHHEro Tepesiera yxe oOpazoBasia mapbl. OceHblo
yerpaBhl JIETAT B cTajgax no 2—4 ocobu (tab. 3). B cpensem Bennuuna crait Kak BO Bpems
BECEHHEr o nepesera, Tak M oCceHbIo Oonbure Ha cesepe ITonbiuu, yeM Ha rore. OObscHAETCA
9TO: @) NPEABAPHUTEILHBIM COBIMHEHHEM TITHIL IEpe]l MOMEHTOM 00pa30BaHMs FHE3/10BbIX
KoJioHuH, 6) ckoruieHHeM B GoJiee KpyMHbIE arperaiy Ha MecTax OJaronpusTCTBYIOLIMX
KOPMEXKaM a Takxke Ha mectax oTabixa. CTaifHbie CBS3M y 4YerpaBbl MEHEE YCTOWYHMBEIC
M HE TaK BBIPAXKEHHBIC, Kak y 0oJjiee MEJIKMX BMIOB Kpauek. Mexy BeJMYHHOM cTaja
a BHICOTOM NOJIETA U €r0 HATPaBJIEHHOCTHIO K 10Ty (B Cilyyae OCeHHEH Murpauuu) Hadbaona-
eTcsl TecHas B3auMocBs3b (rpaduxu 22, 23), uTo ABISETCS J0KA3ATENLCTBOM COBEPILIAHUS
YerpaBoif MUTPALMOHHBIX TIEPEJIETOB €JAMHCTBEHHO B cTasxX. CrajHbie M CeMEHCTBEHHBIC
COOTHOIICHHSI B TEUEHHE JHS TOIBEPraroTCsi ONPEICNCHHBIM H3MEHEHUSAM. OHM TECHBIM
0o0pa3oM 3aBHCAT OT COBEPLIAHUSA KOPMEXEK, COOCTBEHHO MMIPALMOHHOIO TNepesera
M TIpexJie BCEro oT obecreveHns Kaxa0i 0cobu B MAKCUMaJIbHOM cTeneHu 6e30macHocTy.
AsTopoM oOpangaercs ocoboe BHHMaHHE Ha TPOOJEMY CEMEHCTBEHHBIX COOTHOLICHMI
B TEUCHHE MUIPALMOHHOTO Tepuoaa. HemocpeacTBeHHbIE CBA3H MEXKILY B3POCIBIMH H 10Be-
HAJIHBIMH NITHLAMH TIOJIIEPKUBAIOTCS B TEYEHHE BCErO MHIPALIMOHHOIO IEpHOAA M NPO-
JIOJIKAYOTCS, 110 BCEil BEPOATHOCTH, BIUIOTH J0 NIPUJIETa HA 3UMOBKH. B cyTOYHOM LHKJIE
MPOSBJISIIOTCS OHM MCKJIIOYHTEJIBHO BO BpeMsi COOCTBEHHO MUIPALMOHHOTO TepelsieTa
(rpadux 18). Buosioruueckuit CMBICI TIOJIEPKMBAHUS B TeyeHHE OoJiee MpOoOJIKUTEb-
HOTO BPEMEHH CEMEHHBIX CBA3CH COCTOMT B MCMOJIBL30BAHUM MOJIOABIMH OCOOSIMM OTIBITA
B3POCJIBIX HAa HEPA3BEJAHHBLIX CIIE TEPPHTOPHsAX, Onarozaps YemMy CMEPTHOCTH 4Yerpas
Ha MEPBOM TOZY XXH3HHU SBJISETCS HE3HAYMTENbHOM (26%,), M HAIpUMED B J1BA pa3a HUKE,
yem cpeau Ooiee KPyNMHBIX BHIOB, HO 00pa3yloliMX OTHEJIbHBIC 110 BO3pacry craja.
3HaveHHe NOAKAPMIMBAHMS MOJIOJBIX SBIACTCS TakMM 00pa3soM BTOPOCTENEHHBIM.
Bo Bpemsi cTalMOHAPHBIX KOYEBOK CeMeifHble CBS3H ociabeBaloT, BO3pacTaeT MpocTpaH-
CTBEHHAsl Jucnepcusi Moionsix ocobeit (rpadux 19). PaccmatpuBas NpUYMHHBIC CBSA3M
MEXly CTPYKTYpOIf CTajla M BBDKHBA@MOCTBIO, aBTOPOM JI0OKA3bIBAETCH, YTO MaKCHMAaJlb-
Has CTeNeHb WHTErpalMu cTaja Habironaercss B MOMEHT Hauboliee Ui NMTHI[ ONACHbIH
T. €. BO Bpems COOCTBEHHO MHUIDALIMOHHOTO TEPeIBHKEHUS W HOYEBOK. B mpenenax Tep-
PUTOPHH XOPOILIO Pa3BEAHHBIX HAGMIOAAETCA AMCTIEPCHIO IITHI[ B MAKCHMAJIbHO CTETEHH,
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Pemmarommmu 4151 NEPEeRUBAEMOCTH ABJISIOTCA JABA MOMEHTA: a) PEKOTHOCIMPOBKA Ha
HOBOM TEPPUTOPHH CTeneHH 6e30nacHoCTH (PEIMTENbHYIO POJIb HIPAET TyT WHANBHIAYAIb-
HBIH OMBIT B3pOCHBIX ocobeil — poauTesbekux ntui), 6) apdexkTusHOCTL 3TOH Oe3omnac-
HOCTH OTpaxarouiascs Ha BO3MOXHOCTH JMCIEPCHM U MAKCHMAJIbLHOTO HMCHOJb30BAHHH
61OTOTIOB B TPO(HUYECKOM OTHOLICHHH (OCHOBHOE 3HAYEHHE MMEET TYT CTeNeHb BJIMSHUS
aHTPOTIOTEHHBIX (haKTOPOB). VIepkKHBaHWE COOTBETCTBEHHOIH CTaZHOM CTPYKTYPHI B M-
KJIe CYTOMHOM aKTHBHOCTH IIO3BOJISIET MUTPAHTAM OTHOCHTEJIbHO OBICTPO M Gecrpepst-
CTBEHHO COBEPIIATH TEPEJIET ¥ OJHOBPEMEHHO NPOBOAUTHL KOPMEXKH HA HE JIOCTATOYHO
pa3BelaHHON TEePPUTOPHH. Besikue HapyuleHHs LMKJIAa W3MEHEHHH CTaJHOW CTPYKTYpbI
B TEYEHHE JIHS OKa3bIBAIOTCS JUIA BUAA Becbma HeOnarompuarHeivu. M3 daxTopos Hapy-
LIAIOIIMX CTAJHYIO CTPYKTYpY Ha NepBOe MECTO CIEAYeT OTHECTH BiMsiHHE Oonee CHilb-
HeiX BeTpoB (rpaduxu 20, 21). Jdpyrue mereopoiornueckue (GakTopbl HE OKa3bIBAOT
CYIIECTBEHHOr O BIMAHUSA. B 00111eM, B CyTOYHOM LHKJIE KOHCTATUPYETCs YBEJIHYHBAIOLLYIO-
Csl C PAHHHX YTPEHHHX 4YacOB JMCIEPCHIO, KOTOPYIO BO BTOPOM TOJIOBUHE JHS 3ame-
I1AET NMPOTHBOMOJIOKHAS TEHICHIMS T. €. CTPEMICHHE K MHTCIpalMi. ABTOPOM Bhbije-
nsATCA 4 cTenenn cranHoi uuTerpamuu (tad. 5). Haubosee cCHitbHO CBA3aHbBI MeXy coboii
CeMEeHHBbIe TPYNIUPOBKK; Haubosee cnabo — THMMYHBIC arperaldd BO3HMKAIOLIME HA
MeCTax OT/bIXa.

[TpeanocneiHO0 TlIaBy NOCBSIIAET aBTOp mpobiemMe BIMSHUS BHEWIHHX (JaKTOPOB
Ha NPOCTPAHCTBEHHBIM X0 MuTpauuu. Ha ocHoBanuu ananu3a coOpaHHOTO MO CrelHalb-
HOJ TIporpaMMe MaTepuasia pu yerbe Cana a Takxke oOLMX JaHHBIX H3 Beeil [Tosbium
ABTOP TPHXOAMT K MHEHHIO, YTO: a) HABHTAMOHHBIE CHOCOOHOCTH MCCICAYEMOTO BHIA
OCHOBBIBAIOTCSl B 3HAYMTENLHON CTENEHH HA MCTOJB30BAHMM TAK HA3BIBAEMBIX HANpaB-
JISIOIINX JIMHKI TakuX, KaK MOpPCKHe nobepexbs U peku. B KpHTHYECKHX TyHKTaX, KaKMMH
ABJISAIOTCS CIMAHUE JBYX PeK (PacXojkIeHHe TEepesIeTHBIX MyTei), npedepeHius npaBuib-
HOTO IIyTH PEIIMTENbHBIM 00pa3oM BIMAET Ha NaJbHEHIIMI X0 mepenera M cyandy
MHTpaHTOB. Kaxapii u3 ciyyaes npe(epeHIiui ONpeIeJeHHOTO MyTH, KpOME BHYTPEHHEMH
MOTHBHPOBKH, 3aBHCHT BCELEJIO OT BO3JCHCTBYIOUIMX B JaHHbI MOMEHT BHEUIHMX (hak-
TOPOB; 6) MUTrpALMK YerpaBhl NPOOEraloT BAOJIb PEYHBIX PYCesl EAMHCTBEHHO 10 MOMEHTA,
KOrjila X IIMPHHA elle JAocTaToyHa s obecrieyenus HeoOXomuMoili i ntui 6e3omnac-
HOCTH (IIMpHHA BOASHOTO 3epKajia He MeHblue, yeM 60—70 m). Pemarommm sisercs
TyT (axkrop Ge30macHOCTH 00YyCIaBAMBAIOLINK BO3MOXHOCTH KOHTDOJIsS TPOCTPAHCTBA
paauycoM HE MEHBINE, YeM XapaKTepPUCTHYECKasi Ui ¥erpaBbl AHCTaHIMs Tobera B3po-
CJIBIX 0COOEli; B) C MOMEHTOM CHMKECHMS IIIMPUHBI PEKH HUXKE 3TOH KPHTHUYECKOH LIMPHHBI
YyerpaBhl MOKHIAOT peKy. [0 MOMEHTa HaxoJAKW HOBOW peku (MiH-Ke MOpCKOro rnobe-
pexXbsi) SBJIAIOIIEHCS HOBOM HANPABJSIOLIEH NyTh TNEpeieTa JMHUEH, MUIPAHTBI JETAT
yaepxkuBas B ob1iem xapakTepHoe Juis Buja obuiee Hanpasienue. CoBepuiaoT OHM TOT/a
KOPMEXKH ¥ IPOBOJAT KOYEBKHM Ha BCTPEYAEMBIX TONYTHO 0oJjiee KPYMHBLIX BOJOEMAX.
HauGonee cylecTBEeHHBIM MOMEHTOM OIPEHENISIOIUM OOIMI X0 MHIPalUH CYHTAET
aBTOP KaXIbl M3 CliydaeB NpeepUpOBaHUS MHTPAHTAMH OIPEENICHHOTO TYTH, B CBS3H
C YeM COCpeJOTAa4YHBACTCS OH HAa TaKuX npobiemax, Kak: a) ONpeJeeHHE KpPHTEPUEB
obHapyKHBaeMOCTH Cay4aeB npedepenimu, 6) KoJIMYEeCTBEHHAS XapaKTEPUCTHKA ABJICHUS,
B) HcclefioBanue (PaKTOPOB OTPaHHUMBAIOIUMX BO3MOKHOCTH Ipepepuposatns. B kave-



440 M. Jébzefik 60

CTBE HEOCHMOPHMBIX (hakTopoB mpedepeniun nepesetrHoro nytu ,,Can’ npuHHMaIOTCH
aBTOPOM CJlyyad TNoOBOpauMBaHus verpas B pycino Cana, KOTOpbie JO CHX IOp JIeTeln
LICHTPAJILHBIM H JIEBBIM CeKTOpoM Bucist (24,7%, nepenerarouieii nomyasunn) (1a6. 3).
Ha xonuuecTBeHHbBIH acnekT mpedepeHunn BiauseT BbicoTa jeta (tad. 7, rpad. 25). ot
KOTOPO#H 3aBHCHT NMPOCTPAHCTBEHHAS OPHEHTHPOBKA MTHI[ 4 3aTE€M H BO3MOXHOCTbH Tpe-
(epeHLMH COOTBETCTBEHHOTO TMpaBmibHOro myTtu. K (aktopam Haubosice CHHKAIOLIUM
BO3MOXHOCTH COBEPLIAHMSI NTHIAMH AKTHBHOTO BLIOOpA ONPEHENICHHOTO TYTH CJCAYeT
NPUYKCIHTL TOCTOJCTBYIOIIME (B Cllydae OCEHHEro Iepeliera), GoJiee CHIILHBIE BETPBI
HOPJA-BECT M3 cepepo-3anana (cuasuee 2—3° no Bodoprty) (tabmuner: 8—11; rpaduku:
26—27). IIpu HEKOTOPBIX 0OCTOATENILCTBAX MOTYT OHM IOJIHOCTBIO CCJATH HEBO3MOXKHBIM
BpIOOP mannHoro nytu. Cys Mo aHAIM3MPOBAHHOMY aBTOPOM ITPUMEPY OCEHHHX NEPEIETOB
uerpas B paifone ycrbsi peku Can (rpad. 24), cBbllle MOJ0BHHA MHIPAHTOB HMena Giaro-
NPUSATHBIE METEOPOJIOTHYECKHE YCIIOBHUS JUISl IPOCTPAHCTBEHHOM OPHEHTHPOBKH, a 3aTEM
HMeNa TOJHYIO BO3MOXHOCTH Tpe()epeHlH JajibHeHILIero MmyTH COTJIACHO BHYTPEHHOIH
MoTHuBlipoBke (Tab. 12). dakTopbl HapyUIAIOLIHE BO3MOXHOCTH TIpe)epeHIiun crnocoo-
CTBYIOT KOMIIEHCAIMOHHBIM MEXaHM3MaM, KOTOPbIC MO3BOJSIOT NTHLUAM B KPUTHYECKHX
MOMEHTAX COBEPIIMTH TACCHBHBIN BHIOOpP NPaBMWILHOTO NMyTH (HANpHUMEp JIET NPaBbIM
cekTopoM Bucnsr). B nocneayroweit vactu paboTel aBTOPOM NOAPOOHO aHATU3MPYETCs
3aBHCUMOCTD 1IIAHCOB COBEPLICHUS TpedepeHiun OT BHICOTHI MoJieta (rpaduku: 25—29).
ABTOD TIPHXOIUT K BBIBOAY, 4TO (DaKTOPBI BIMAIOLIME HA BBICOTY ToneTa (akTHYeCKH
ONpeJIENISIOT BO3MOKHOCTH NpedepeHIiny. B 3aKII0Y€HHN aBTOPOM MOTYEPKUBACTCS, MTO
HA OCHOBAMH NPOAHAJIM3UPOBAHHOTO TYT MaTepuasia, BPSI JIM BO3MOXKHBIM Oyzner cum-
TaTh, YTO JaXe€ B3POCIbIE CTapbie NTHILI, 00JalafolMe B 3HAYUTENbHONH CTCNeHH Ha-
KOTIJICHHBIM HWHJIMBHIyaJIbHBIM ONBITOM CMOTYT €XKEeroJHO COBEpPHIATh MMIPAIUIO 110
OIIHOMY M TOMY ke TyTH. Ha mpoCTpaHCTBEHHBIH XOI mepesieTa, Kpome BHYTpeHHei 00-
1IEHATIPABJISIOLICH MOTHBHPOBKH, CKJIAIbLIBAETCS BIMSHME BO3ACHCTBYIOUIMX HA INTHII
B KaXXZIOM MOMEHTE BHELIHHX (hakTOpOB.

OOvsicuenus K rpaduxam, kapram u tabimuam:

I'padpux 1. Pacnpenenenue sBcrpewaemocti verpasst B [Tonasuie B tevenuwe nocneauux 100 ser. I'lo
BEPTUKAIM — MPOLIGHT BCTPEY MO OTHOLICHHIO K OOLIEMY MX YHC/IY B npeaenax Kaxiaoi KaTeropuu; mno
rOpH3OHTaNN — roasl; A — cesepHas yactb INonbum; B — 10xkHas yacrts; C — obuwee s IMoabum pac-
npenesnenue Berpey (n= 423).

I'papux 2. Berpevaemocts verpasbl B [Tosbure B cooTBETCTBEHHBIC BpeMena roaa. ITo Beprukany —
NPOLEHT BCTPeY MO OTHOLICHHIO K 00IIeMY X YHCILY; 0 TOPH30HTAIN — roibl; A — RCTPEYH B Mecsuax:
Mapre, anpesie, Mae; B — BCTPeYH B WiOHE 1 HioJie; C — BCTPEYH B aBrycre, ceHtsadpe, okrsaope (n = 423).

I'paduk 3. Becennuii nepener verpassi B ITonbure. 1o BepTHKAINM — NPOLEHT BCTPEY a TaKKe BCTpe-
YaeMOCThb 0co0eii MO0 OTHOLICHHIO K OOUIeMY MX YHCILY; 110 FTOPH3OHTAIM — MECAUbI; A — BCTPEYaeMOCTh
ocobeit; B — Berpeyaemocts craj (ng = 183, np = 58).

I'padux 4. Ocennuii népener verpasst B [Toasuwe. 1o BepTHKaIN — OPOLEHT BCTPed CTajg u 0cobeit
10 OTHOILEHHIO K O0IIeMy HX YHC/y (C npaBoii CTOPOHBI — B KYMYJIATHBHOM ACHEKTE); [0 TOPH3OHTAII —
Mmecsiubl; A — BeTpeyaemMocts ocobeit; B’ — BerpevaeMocTs ctalx (A, B — KyMyIATHBHBIC OFHBbI KPHBBIX
A, B’) (ny = 1092, ng = 336).
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I'padux 5. Ocennmii nepesier Yerpasbl B cesepHbiX padonax ITosbum (cesepuee 52°307 ces. mmp.).
ITo BepTHKam¥ — MPOLEHT BCTPeY cTaj ¥ 0cobeil 0 OTHOIEHHIO K OBLeMy HX YHCIY; MO TOPH3OHTAIN
— Mecslbl; A — BCTpeyaeMocTh ocobeii; B — Berpevaemocts cran (ny = 604, ng = 122).

I'paduk 6. Ocenuuii nepener verpasbl B 10%HbIX paionax IMTonsum (roxkuee 52 30" ces. ump.). O6o-
3HayeHmsi — Kkak Ha rpad. 5) (ny = 488, np = 214).

I'padux 7. HanpasnenHoCTh nepesiera verpapbi npu yerbe Cana Bo Bpemsi ocenneii murpaunu B 1961
roay. ITo BepTHKam® — NpoUeHT 0cobeli M0 OTHOIICHHIO K 0OLEeMyY HX YMCIY; 110 TOPH3IOHTAIH — Mecs-
ubi; S — ocobu nersiue k lory; N — k cesepy (n = 203).

I'padwk 8. Ocennnit nepener verpasbi npu yerbe Cana B 1961 roay. ITo BepTHKaIH — NPOLEHT BCTpeY
craz i ocobeif MO OTHOTEHHIO K OOIIEMY HX YHCIY; 1O TOPH3OHTAIH — Mecslbl; A — BCTPEYAEMOCTh
ocobeit, B — Berpevaemoctb crag (ny = 207, ng = 97).

I'paduk 9. Ocennuii nepeser 4yerpasbl B HIKHeM Teuenwn Cana w cpeaHeM TeyeHus Buciast B 1960
roay. OGo3xayenuss — kak Ha rpaduxe 8 (ny = 91, np = 39).

I'padux 10. BerpewaemMocTs Yerpassi B HIOHE H HIONE B ceBepHsiX palionax IMosnsum. Mo BepTakanyu —
HPOLEHT MO OTHOLIGHHIO K KaXIOH KaTeropuu BCTPEY; MO TOPH3OHTAIM — MECALBI; A — BCTPEYaeMoOCTh
ocobeit; B — Bcrpevaemocts cran (ny = 98, ng = 34).

Ipaguk 11. Cyrounasi akTHBHOCTb 4erpaBbl. I10 BEPTHKAIM — IMPOUEHT BCTPEY MO OTHOLICHHEO
K OOUIeMY HX YHCIly; TIO TOPH3OHTAIIM — BPEMs CYTOK; 4 — CyTOYHas AKTHBHOCTB 110 MATEPHAJaM CO-
GpannbiM B 1960 roay; B — no marepuanam ¢ 1961 ropa; C — kpusas pesyibTupytowas 4, B (n = 148).

I'paduk 12. Cyrounasi akTHBHOCTH Yerpasbl (Ha OCHOBaHME MAaTepwanos aoktopa b. SsjioHckoro
cobpanusix B 1960 roay na Megeit Pese noa I'maubckom). 1o BepTHKAIH — NPOLEHT BCTPEYEHHBIX 0CO-
Oeil MO OTHOLIEHHIO K OBIeMy MX YHCILY; 10 FTOPHIOHTANK — BpeMs cyToK (7 — 60.).

I'paduk 13. Craguocts 4erpaBsl B cyToyHoM umkie (1961 r., Cau—Bucna). ITo BepTHKany — npo-
LECHTHBIC COOTHOIIEHHA COOTBETCTBEHHBIX KATErOPHH IPYMIMPOBOK 10 OTHOIIECHHIO K 0O1eMy 4Hcay
BCTPEY; 0 TOPU3OHIAIN — BPEMSA CYTOK; KaTeropwd rpynnupoBok: 4 — 1 ocods, B — 2 ocobu, C —
3 ocobu, D — rpynnsi cBeiine 3-x ocobeit (n = 114). )

I'padux 14. Cragnocts 4erpassl B cytoynom umkne (1960—1961, Can—Bucna). ITo Beprukany —
NPOLIEHTHLIE COOTHOIIEHHS COOTBETCTBEHHBIX KATErOPHK IPYNIHPOBOK M0 OTHOLIEHHIO K oOlemy vmciy
BCTPeY B Npeaenax JaHHOro Kiacca; ocrajibHbie 0603HaYeHHs — Kak Ha rpaduke 13 (n = 148).

I'padux 15. Beicora nosiera yerpasst # Bpems aus (1961, Can—Bucia). I1o Beprukany — npoueHt
BCTped ocobeit MO OTHOWEHHIO K OOLIEMY HX YHCIAY B Opee/iaX COOTBETCTBEHHON KATErOPHH BHICOTHI
Jieta; no rOpu3OHTAIH — BpeMs CyTOK; A — noJser Ha BeicoTe 10 20 M; B — 10 50 m; C — 1o 150 m
(n = 101).

I'paduk 16. HanpasienHOCTh moJsieTa dYerpasel B cyTounoMm umkiae (1960, 1961, Can—Bucna). Ilo
TOPH3OHTAIM NPOLEHTHOE COOTHOMIEH!E 0cobeif COBEPIIAIOIINX MOJIET MO JJAHHOMY HATPABJIEHHIO 110 0T~
HOLICHHIO K O0uiemMy 4HCiy BCTpeY; MO TOPH3OHTAIH BPeMsi CYTOK; A — JIET MO HAUPABIICHHIO K IOTY,
B — ner no HanpasJIeHHIO K ceBepy (n = 148). J

I'paduk 17. banaunc HanpasJeHHOCTH TONeTa verpasbl B cyTouynoMm mukie (1960, 1961, Can—Bucia).
ITo BepTukam — (C IPaBoi CTOPOHbI) MPOLEHTHOE COOTHOLICHHE JIETOB K 10Ty B Mpe/enax JaHHOoro kjiacca
110 BpemenH, (C JIeBOit CTOPOHBI) COOTHOIICHHE JIETOB K CEBEPY B Npejesax JaHHOTO KJIACCA 10 BPEMCHH;
MO TrOPH3OHTANIM — BpeMs cyTok (n = 148).

I'padux 18. CoumanbHbiit XapakTep rpynimupoOBOK Yerpasbl B CYTOMHOM LIMKJIE BO BPEMS OCEHHErO
nepenera (1961, Can—Bucna). ITo BepTHKAIH — MPOIEHTHHIE COOTHOLICHHS COOTBETCTBEHHBIX KAaTEro-
PHH rpYNIHPOBOK B Npeieiax JaHHOro K1acca 10 BPEMEHH; 0 TOPH3OHTAIM — BPEMSi CYTOK; A — CeMbH,
B — crana; C — oraensHbie 0COOH.

I'paduk 19. Craausii xapakTep rpyrninEpoBOK 4erpaBbl BO Bpems ocennero mepesera (1961, Can—
Bucna). ITo BepTHKAIM MPOUEHTHOE COOTHOWEHHE COOTBETCTBEHHBIX KATErOPHH TPYIITHPOBOK MO .OT-
HOMIEHHIO K OBIIeMy YHCIY BCTPEY; MO FOPH3OHTANM — MECsLbI; TPYIIHPOBKH: A — OTHE/IbHBIC SHHIY-
HbIe 0cO0H, B — rpynmei cocrosmue u3 2-x ocobeif, C — u3 3-x, D — u3 4—5 ocobeit (n = 83).

Ipaduk 20. 3aBucHMOCTh BEIHYMHBI CTana 4erpaB ot cuibl Berpa (1961, Can—Bwucna). ITo BepTH-
KAl — MPOLEHTHOE COOTHOIICHHE BCTPEY NAHHOH KATEropMM CTajia MO OTHOIICHHIO K OOuIeMy 4HCIy
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BCTPEY B 9TOH KaTErOpHH; MO rOPH30OHTAIN — CHJIA BeTpa o mkajie bodopra; 4 — BCTpedH OTAENBHBIX
eAMHUYHBIX ocobelt, B — craj cocrosmux u3 2-xX ocobeit, C — u3 3-x ocobeit (n = 69).

I'padwk 21. Brmsawe canel Berpa Ha Aucnepcwio verpasbl (1961, Can—Bucna). Ilo Beprukamt —
MPOLEHT EAHHHYHO BCTPeYaeMBbIX OCODeil 1O OTHOWICHHIO K YHCACHHOCTH BCTPeY OCTAIBHBIX KATErOpHH
IPYMIMPOBOK B MpEe/iaX JAHHOrO KJiacca MO CHIE BETPa; MO rOPH3OHTAIH — CHIA Berpa mo Gamnam
urkasiel Bodopra (n = 69).

I'paduk 22. B3anMO3aBHCHMOCTH MEXKIY BLICOTOM MoJIeTa Yerpasbl W BeawuuuoM crax (1961, Can—
Bucna). ITo BepTHKAIH — MNPOLEHT BCTPEY AAHHOM BEJIMYMHBI CTAja II0 OTHOIICHHIO K OOLIeMYy YHCITY
BCTPEY B JAHHOM KATErOPHH; MO FOPH3OHTAIN — BbICOTA IOJIeTa B M; A — oblee pacnpezenesue BEICOTHI
NOJIETa BCEX OTMEYEHHBIX CTal; B — pacmpeiesieHHe BHICOTHI MOJIeTa €OUHHYHO BCTpeYaeMbIX 0cobei;
C — craj HacyMTeIBalOLMX 3—4 ocobu.

I'padux 23. PacnpeneieHHe BETHYHHBI CTAJ Ye€rpaBbl BO BpeMs mepesiera Ha ror (NTHUUBI JEeTAnmMe
K CeBEpy TYT He PHHAMAJIMCH BO BHUMaHHe — OCeHHmH nepener, 1961 r., Can—Bucia). ITo seprakanya —
NPOLEHT OTMEYEHHBIX OCODel; MO rOPH3OHTAIM — BEMYAHA CTafa; A — MpPOLEHT Yerpas B mpejenax
JIAHHOTO KJ1acca 110 BEJIHYHHE CTada; B — NPOLEHT M0 OTHOLIEHHO K OOIIeMy YHC/Y MTHL JIETAMMX K 0Ty
(n = 167).

I'padwx 24. Ilpedepwposanwe verpasoit nytd ,,Can” Wi ,,Bucia” npu coemmHeHHH OOOMX pek
(ocennmii nepener B 1961 r.). ITo BepTHKAIM — NMPOLEHT O0COOEH NO OTHOIIEHHIO K OOIEMY MX YHCITY BO
BpeMS IIepesIeTa; Mo TOPH3OHTANM — Mecsausl; A — ocobu npedepupyioume Bucny; B — ocobu npede-
pupytoume Cau (7 = 189).

I'padux 25. Beicota nonera a npebepenuus oyt ,,Can” wm ,,Bucina” (1961). Ilo BepTukamm —
NPOLEHT BCTPEY CTaZ MO OTHOIUCHHIO K 00LIEeMyY HX YHCIY /IS JAHHOTO IMyTH; IO TOPH3OHTANH — BBICOTA
siera B M; A — BeIcOTa niosieta ocobeii seTammux Boiue ycrbs Cana B ganbHeimenm Bucioi; B — BeicoTa
nojieta 4erpas, kotopsie npedepuposanm pycino Cawua,

I'padux 26. Biusuue 061avHOCTH HA BICOTY nosieta yerpassi (1961, Can—Bucna). ITo BepTHkam —
NpoLeHT BeTped ocobelt HabiogaeMBIX IPH JaHHOM COCTOSIHHE 00JIAYHOCTH; MO FOPH3OHTAJIM — BHICOTA
nonera B M; A — pacnpezenenne BbICOTH nojiera npu Gezobnaunoit moroae (obnaunocrs 0); B — mpx
obnaunoctu 1—8°; C — npw nonxo# obnaunocru (10°),

I'paduk 27. BausHue CHIIBI BeTpa Ha BHICOTY moJiera derpassl (1961, Can—Bucna). ITo Beprukany —
NPOLEHT BCTPEY MO OTHOIICHHIO K MX YHCIIY B Mpeaeiax MAHHOW KATErOpHH BLICOTEHI; 110 TOPH3OHTAIH —
cuna serpa no Gamiam Bodopra; 4 — pacnpezeneHne BCTpey Yerpas JeTsimx Ha BeicoTe 1o 20 m; B —
Ha seicote 21—50 Mm; C — 51—150 M. .

I'padux 28. B3auM03aBHCHMOCTS BBICOTHI H HAlpaBeHHOCTH mosera yerpassl (1961, Can—Bucina).
Ilo BepTHKAIM — NPOLEHT 0cobei IO OTHOIIEHAO K 00IIeMy MX YHCIIY B JaHHOM KATErOpHH 11O HANpaBIIeH-
HOCTH; IO TOPH3OHTAIH — BHICOTA JIETA B M; N — pacnpee/ieHrHe BEICOTHI JieTa 0cobeil IeTAIMX K ceBepy;
S — pacnpenesieHde BBICOTHI JieTa ocobeit neTsuux k ory (7 = 70).

I'padux 29. B3aUMO3aBHCHMOCTH BLICOTHI 1OJIeTA M €ro (GpyHKUHOHAIBHOM Xapakrepucruku (1961,
Can—Bwucna). I[To BepTHKaH — NPOLEHT 0cobeil Mo OTHOUICHAIO K 00ImeMy uX YHCiIy B npeaenax JaHHOH
KaTeropuy JIeTa; MO FOPH30HTAIH — BLICOTA IOJIETa B M; A — JIeT NPAMOJIMHEIHHBIH; B — JeT H3BHIM~
cThlii (pa3BenoBaHHE K MOMCKH KOpMA).

Kapra 1. I'lnan pacrionioxesns TonorpadM4eckux mMyHKTOB B paione ycrbs Cana B Bucay. 1 — Bo-
JI0€Mbl, 2 — KHible NOCTpoiiky, 3 — mamba npeaoxpaHsiomas OT HaBOJKOB, 4 — JIeCONOCanKH, 5 —
HabGoAaTeIbHBIH MYHKT [0 [epesieTaM YerpaBbl.

Tabnuua 1. XapakTepuCTHKA BECEHHErO M OCEHHero mepenera 4erpassl B IToneme. (1) — mepener
(2) — Becenumii, 3) — ocenuuii, (4) — TEPPHTOPHS CTPAHBI PACHOIOXKEHA, (5) — BBHIYHCIICHO HA OCHOBA-~
muH, (6), (10) — YHCIEHHOCTH OTMeYeHHBIX ocobeit M BerpetaemoctH craf, (7), (11) — B cpexrem, (8),
(12) — cpemusis onmbka (B musx), (9), (13) — cpeanee xBajgpaTHYeckoe OTKIOHeHWe (B muax), (14) —
K cesepy ot 52°30’ ces. mmp., (15) — k rory or 52°30’, ces. ump., (16) — Teppuropus Beel crpansl, (17),
(19), (21) — BBIYHCIIEHO HA OCHOBAHHHA YHC/IA OTMeYeHHBIX ocobeit, (18) (20), (22) — BEMHCIEHO HA OCHO-
BAHHH YHCJIA BCTPEYEHHBIX CTal.

Tabarua 2. B3aMMO03aBHCHMOCTb BHICOTBI IMOJIETA M NAapaMeTpoOB CYTOYHOH AKTHBHOCTH YerpaBbl
(1961, Can—Bucuna). (1) — B 3aBHCHMOCTH OT, (2) — %%, (3) — df (ucyio crenenei cBobozpr) (4) — P (cte-
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TIEHb BEPOATHOCTH), (5) — B 3aBHCHMOCTH OT BpeMeHH auf, (6) — B 3aBHCHMOCTH OT HANpPAaBIEHHOCTH
cesep — ior, (7) — B 3aBHCHMOCTH OT HanpasiennocTH Can—Bucna, (8) — nuHelHOCTs mosera (npsMo-
JIHHCHHBIN, M3BHIMCTBIH, MOUCKOBO-PA3BENOMHBIM).

Tabmaua 3. Cpenusisi BeIMYHHA CTAAHBIX TPYNOKPOBOK 4erpasbl B [Tosiblre B MEpHOA NepeseTos.
(1) — reppuTopus Ilosnbum pacnogoxennas, (2) — BeIMYHHA IPYNNHPOBKH B CpeaHeM, (3) — B nepHon
BECCHHETO Tepenera, (4) — B mepwon ocenHero mepenera, (5) — x cesepy or 52°30/, ces. ump., (6) —
K 1ory ot 52°30" ce. ump., (7) — Teppuropus Beeii ITomsum.

Tabauua 4. BbicoTa B HANPABIEHHOCTH II0JIETA YerpaBbl B 3aBUCHMOCTH OT COLMAIBLHON CTPYKTYpBI
rpynnmupoBku (Beicota B M, 1961, Can—Bucna). (1) — xapakrep rpynnupoBkH, (2) — XapakTepHCTHKA,
(3) — cpenuas BenmynHa, (4) — cpejHee KBaApaTHYECKOe OTKIOHeHHe, (5) — cpemnsisa ourmbka, (6) —
NpOLEHT ocobeif eTsaluX K ory, (7) — nerswmx k cesepy, (8) — cemsH, (9) — crama, (10) — ornenbHbIe
CAMHHYHBIE OCOOH.

Tabauua 5. Cragnas MHTErpauus 4erpasbl BO BPEMs OCEHHEro mepesiera (BBIDAkEHO B MPOLEHTAX
1O OTHOIIEHKIO K obueii yienenHocTn ocobeit; 1961, Can—Bucna). (1) — xapaxkrep rpynnuposku, (2) —
cTenens muTerpamuy, (3)—(6) — rpajamus crenenu unrerpauue, (7) uroro, (8) — cemsbu, (9) — crana,
(10) — oTxenbHbIe eAHHAYHBIE OCOOH.

Tabnuua 6. AHanu3 X0ja TOCIErHe3MOBLIX KOYEBOK ¥ OCEHHErO Iepesiera Merpasbl B paione ycThs
Cana (B npouenrax). (1) — peka, (2) — cekTop pekH, (3) — 0cOOH HCKITIOYHTEILHO nepeneraonue, (4) —
NpOLEHT ocobelt mposeralomux, (5) — Baoyb Buciast nuke ycres Cana, (6) — B manbHeHImM BIOIB
Bucne: Beinre yerbs, (7) — B ganbneiiniem Tonbko Buoab Caua, (8) — yyactie cexkropa B nepenere, (9) —
no ycrbe Cana, (10) — Bbime ycrbs Cana, (11) — 0cobu copepuraronme KOYeBKH i HEpENeThl PacCMaTpH-
Baemble B 00em — noner no Hanpasienuio, (12) — k rory, (13) — k cesepy, (14) — npouent ocobei
coBepialommx KovesBkH, (15) — nessiit cexrop, (16) — uenrTpanbHblii cextop, (17) — mpassiii cekrop,
(18), (19) — B oGwem.

Tabmuua 7. Beicora nosiera u npedepuposanue verpasoii nyta ,,Can’ (8bicota B M). (1) — BeICOTA
nojera B cpeanem, (2) — cextops! Buchnbl, (3) — JeBblii ¥ UEHTPAIbHBIH, (4) — npassii, (5) — BbicoTa
nonera ocobeit npedepupyromux nyth ,,Can”, (6) — ocobeil B HaJbHEHIIMM NETAMMX ITHM XKe CAMbBIM
cekTopoM Bucibl.

Ta6nuua 8. ITepener yerpaBbl BIOJL ONpEJETCHHBIX CEKTOPOB Bucibl u npedepupoBanue IyTi
,»Can” B 3aBHCHMOCTH OT 00/IaYHOCTH M CHJIBI Berpa (MOAAHO B MPOLEHTHBIX COOTHOWeHMsX). (1) — peka
H cexTop, (2) — mereoponoruyeckue (akropsl, (3) — obnaynocts (no 10-Ganbuolt 1wkane), (4) — cuna
perpa (no Bodopry), (5) — neseiit cexTop, (6) — UeHTpanbHbIH CEKTOP, (7) — npasklii cexTop, (8) — Can
(B 06mem), (9) — Bucia (B obmem).

Tabnuua 9. 3aBHCHMOCTDL HATIPABJICHHOCTH IOJIETa Yerpasbl OT 06J1aYHOCTH (IIOAAHO B NMPOLEHTHBIX
cooTHOmeHusX). (1) — nosier Mo Hanpasienuio, (2) — obnavynocts (Mo 10-GanbHoOM urkane).

Tabnuua 10. BerpeyaeMOCTh YerpaBbl B IEPHOJ OCEHHEro nepenera npu 6e3BerpeHHo moroae u npu
BETPE M3 Pa3/JMuHbLIX HANpaBieHWH (MOJAHO B NMPOLEHTHBIX COOTHOWEHHsX). (1) — ycinoBusi nepesnera,
(2) — BCcTpeYaeMoCTh B IPOLGHTHLIX COOTHOLIEHHAX, (3) — nepener npu 6e3serpennoit noroae, (4) —
NnepeseT NpH BeTPe M3 HaNpaBJICHMIA.

Tabnuua 11. BerpedaeMOCTh YerpaBbl B 3aBHCHMOCTH OT CHJIBI BETPA M €ro HanpasieHus (B MPOLEHT-
HbBIX COOTHOWIEHHMSX; No mKkajie bodopra). (1) — Hanpasnenue Berpa, (2) — cuia Berpa, (3) — cesepo-
3anajHoe HanpasiieHue, (4) — JApyrue Hanpasienus, (5) — B obuem.

Tabmma 12. MeTeopoIornyeckie YCIOBHS OCEHHErO NepesieTa Yyerpassl B paiione ycres Cana. (1) —
xapakrep norofsl, (2) — nacmypnas (2—10°), (4) — 6e3o6naunas (0—1°), Ge3perpennas (0—1°), (6) —
MPOLEHT 0cobeif coBEpIIAIOIINX MEpesieT B YCIOBHAX JAHHOIO THNA MOIOBIL.
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