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" Abstract. The results of a study on changes in numbers and ways of living of
sea birds are given. The study was carried out from aboard fishing trawlers in the Atlantic,
in the region of Labrador and Newfoundland and that of north-western Africa, and in the
North Sea. The study showed relationships of the changes in the numbers of birds with the
geographical position, the presence of other trawlers in the fishery and the changes of weather.
It was found that the sea bird species under study anticipate unfavourable weather conditions
by migrating to other sea areas.

CONTENTS
1. Introduetions e ser orin o oL o i e R e s e g S bR D
Tl “WMethod "r S Neadiacs o s b e e S R e 58D
III. Fisheries in the region of Newfoundland and Labrador . . . . . . . . . . . . 587
Ve Hlisheriestin theYNotti i gear i e i siel baeay v f s i @ Sl i Sl e s 669
V. Fisheries off the Coasts of North-Western Africa . . . . . . . . . . . « .« . . 639
VI. Discussion . Sl SR SRRl T e el e R e 640
Referenepalidlo st oo ot So ket e S SS el e EE el e  d e 654
Streszezenion T e TR e SRt e s e e e 60
Pegtomer v i i o T e M e o s T Sl e R S e T 662

Acta Zoologica Cracoviensia nr 13 1



582

I. INTRODUCTION

This paper deals with the influence of environmental changes, mainly
weather changes on the birds living in the Atlantic Ocean and North
Sea. Observations of birds were carried out from aboard the Polish trawlers:
s. 8. ,Haneza“, m. s. ,Tasergal“, m. s. ,,Cetus“, s. s. ,Biala“ and s. s. ,,Przemsza®,
‘belonging to the Fishing Enterprises subordinate to the United Fisheries Cor-
poration and the Ministry of Navigation. The investigation covered three main
complexes of fisheries, in the North Sea, off the coast of Newfoundland and
Labrador in the western North Atlantic, and off the coast of north-western
Africa.

The purpose of the work has been to add to our knowledge of the behaviour
of birds migrating in the seas and their responses to human activities in fishe-
ries, and also to present material which may prove helpful for interpretation
of biometeorological processes.

The execution of the work would not have been possible but for the courtesy
of the Ministry of Navigation, United Fisheries Corporation, and Fishing
Enterprises, to which I wish to express my heartfelt thanks. I also owe grati-
tude to the Captains and Crews of the vessels in which I made voyages for their
kindness, help and friendliness during my stay on board their vessels. The
meteorological data were obtained by courtesy of the State Hydro-Meteoro-
logical Institute, or they were kindly provided by the Captains of the vessels.

My thanks go also to Prof. R. Woirusiak, Head of the Department of
Psychology and Ethology, Jagiellonian University, and Professor B. FERENS
for their help and concern at all the stages of my work.

II. METHOD

1. Collection of observational material

Ornithological observations were carried out from the decks of trawlers,
fishing in the North Sea, off Newfoundland and Labrador in the Atlantic Ocean,
and off the coast of north-western Africa (Fig. 1). I carried out observations
from one of the upper decks, from a place where the range of vision was least
limited. While watching the birds, I walked about the deck so as to embrace
the full field of vision in my observations. I used 11 x40 field-glasses for ob-
servation. During one of the voyages to the North Sea and that to the fisheries
in the African region I was engaged as a member of the crew and, consequently,
the time I had at my disposal to carry out observations was limited. Then
I made observations three times a day in the hours 10-00—11-00, 13-00—14-00
and 17-00—18-00 of the local time. During the other voyages observations were
conducted every 1!/, hours from morning (06-00—08-00) till dusk. A single
observation lasted 20 minutes, during which the species und numbers of birds



583

were noted. I noted the numbers of birds of particular species following the
trawler, those of birds sitting on the sea surface and flying at a distance from
the ship, separately. In this last case I also determined the direction of flight.
Whenever it was possible, the number and species of birds flying after other
trawlers in the fishery were noted. The total of birds counted in one observa-
tion consisted of 1) the maximum number of specimens following the vessel
directly, 2) the number of birds sitting on the sea surface, and 3) the number
of birds flying at a distance from the trawler.

Tig. 1. Itineraries of cruises and situation of fisheries in which observations were made

When it was possible to estimate the numbers cf birds following other
vessels sufficiently exactly, the largest number of birds observed was included
as that of birds following the vessel in the total of specimens of the given spe-
cies. Each observation covered an area within a radius of 500 m from the trawler.
Basing myself on the measurements of the position of the other trawlers in the
fishery by means of radar and on the determination of the conditions of obser-
vation and identification of individual species I established that this distance
was an approximate limit, to which I was able to determine the number and

1*
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species of birds. As the speed of the vessel at the time of trawling was 4 knots
an hour (7-4 km/hr), the birds present in an area of about 2-45 sq.km were
counted in a 20-minute observation. In determination of the species and age
of birds I used the keys by ALEXANDER and CAMB (1959) and PETERSON, MOUNT-
FORT and Horrom (1961). The age of the Gannet Sula bassana was determined
on the basis of the publication by KAy (1950). In addition, during my obser-
vations I also noted the numbers of vessels fishing in the field of vision and
the manoeuvres of these vessels. The manoeuvres of vessels were clagsified in
4 groups: 1. trawling, 2. casting and pulling out nets, 3. drifting, and 4. passage
to another fishery. The birds occurring in large numbers that could not be
counted were divided into smaller groups for rough estimation. The estimate
of the number of birds is charged with an error, which may come up to 25 per
cent of the total, when the total includes several thousand specimens. I tried
to achieve a higher degree of proficiency in estimation of this sort and for
this purpose as often as possible I checked the estimates for such smaller groups
by counting the birds later. In groups counting up to 250 birds the error was
about 10 per cent.

2. Elaboration of results

On account of the large amount of information collected, the observations
were divided for elaboration into 3 groups: I) morning observations up to 11-00
hours, IT) observations made from 11:00 to 15-00 hours, and IIT) those after
15-00 hours. Out of the single observations made in one of the groups, only
that with the maximum number of birds was taken into account in further
calculations. This was so because the fluctuations in the number of birds during
pa,fticular observations were rather remarkable. They were caused by the mo-
vement and special manoeuvres performed by the vessels in connection with
fishing. No such procedure was applied, when the numbers of birds were com-
pared with the kind of manoeuvres performed by the vessel and the number
of vessels in the field of vision. ‘

The numbers of birds in the three groups of observations were compared
with the values entered for particular elements of weather in the logbook of
the ship every 4 hours beginning at 00-00 hour of the local time. The positions
of the vessel at given moments were also rewritten from the logbook. The data
concerning the size of catches were obtained for particular vessels from a special
information service. Only the results of the Polish vessels fishing in the same
fishery were taken into consideration. The entry in the logbook included the
wind direction, wind speed according to the Beaufort Scale (Table I), state
of the sea (Table II), cloudiness (Table III), kind of precipitation, visibility
in sea-miles, atmospheric pressure in millibars, air temperature in degrees
Centigrade and temperature of the sea surface in degrees Centigrade.

The numbers of birds of particular species in the three periods of day were
compared with the above-mentioned factors. The distribution of observations



Table I

Scale of wind-speed used in log-book entries

‘ Degrees on Wind-speed in ‘Wind-speed
Beaufort scale knots in m/sec.
‘ 0 below 1 0—0.2
1 1—3 0.3—1.5
2 4—6 1-6—3-3
3 7—10 oRlliie
4 11—16 5:5—T:9 _
5 17—21 8:0—10-7
6 22—217 10-8—13-8
7 28—33 13-9—17-1
8 34—40 17-2—20-7
9 41—47 20-8—24-4
10 48—55 24-5—28-4
11 56—63 28:5—52-6
12 64—71 32-7—36-9
Table II

Scale of state of sea used in log-book entries

|

|

Degrees } Wave height,
of scale | in m.
0 0
1 0-0—0-5
2 0:5—1-0
3 1:0—-2-0
4 2:0—-3-0
5 3:0—4-0
6 4:0—6-0
7/ | 6:0—9-0
i * 9:0—14-0
9 above 14°

of particular numbers of birds in relation to various values of a weather element
was examined using the y* test, regarding the relations between variables as
significant, when the value of the zero hypothesis was smaller than 0:05 in
agreement with the principles accepted in biology. The use of the 2 test was

based on the work by GUILFORD (1964).

Following the advice given by SOLLBERGER (1965) and TromP (1963), in
the case of some weather elements their values from before 12, 24 and 48 hours
and also those obtained 12, 24 and 48 hours later were compared with the
number of birds observed. This procedure was adopted to determine the corre-
lation between the numbers of birds and the weather phenomena preceding

or following their counting.

Ot

Qt
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Table III

Scale of cloudiness used in log-book entries

t Degrees Percentage of sky area
| of scale covered by clouds
i 0 0
1l 25
} 2 50
‘ 3 75
} 4 100
1 x sky invisible for
L ! clouds

In order to determine the correlation between the number of birds and the
changes in weather I estimated the weather situation on the basis of the syn-
optic charts made by the State Hydro-Meteorological Institute in Warsaw
and for the African region on the basis of the Weather Bulleting of the French
,Ministére des Travaux Publice et des Transports, Secrétariat Générale a I’ Avia-
tion Civile“, which were rendered accessible to me by the aforesaid Institute.
The estimation of the weather included the determination what part of the
barometric system occurred over the fishery at the time of observation and the
determination of the position of the fronts in relation to the place of observa-
tion, paying attention to the fact whether a front was approaching (1000—
200 km), passing over, or moving away (100—500 km).

Moreover, to complement the complex estimation of the weather a drawing
was made, which diagrammatically showed the barometric situation with the
position of the fronts and the distribution of the highs and lows. The places
of particular observations were plotted on the diagram on the basis of the sy-
noptic charts of the study area so that their situation in relation to and distance
from the fronts, highs and lows were preserved. As a result, I obtained a static
picture of the distribution of observations relative to the pattern presented
by the synoptic diagram. The terms used in descriptions of such synoptic pat-
terns are those commonly accepted in meteorology.

The significance of the correlation between the number of birds and the
weather was checked using the analysis of variances. The ratio of the variance
between samples to that within samples (F) is given in the tables. When the
relation is statistically significant, the level of significance and the arithmetic
means from the numbers of birds in particular types of systems are given.
As in the case of the y2 test, the analyses were based chiefly on the work by
GUILFORD (1964). I consulted Dr. A. LOMNICKT a8 to the purposefulness of these
tests and the correctness of their application and I am greatly indebted to him
for his valuable remarks.
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3. Presentation of results

The results of the investigation are presented in tables and figures, and
discussed in further sections of this paper. The tables give the level of signifi-
cance of the correlations between the changes in the number of birds and the
environmental factor examined and the arithmetic means from the numbers
of birds related to the prevailing complex of weather factors. Graphs are used
to illustrate the statistically significant correlations. In the graphs presenting
the relations between the changes in the numbers of birds and those in parti-
cular weather factors, the proportions of the total of observations at a given
value of the environmental element formed by the observations with quanti-
tatively varying groups of birds are given along the ordinate. In the figures
arrows indicate the division into clagses of the multipartite table for which the
significance was analysed. The distribution of the values of the environmental
elements under study, given along the abscissa, is designated according to the
classification method presented in Section ITI. 2. or directly, as in the case of
months, air temperature, ete. In the descriptions of figures the explanation of
the subject of the graphs is accompanied by the time (N) of the weather factor
in question in relation to the time of observation. This information is given
in brackets; the figure represents the number of hours, and the signs ,,+* and
»—" are used to show that the weather factor followed or preceded the orni-
thological observation.

The significant correlations or their lack, if it throws some light on the
ethology of the bird species under study, are discussed.

IIT. FISHERIES IN THE REGION OF NEWFOUNDLAND AND LABRADOR
1. Introductory

I made the voyage to the fisheries in the region of Newfoundland and La-
brador in the fishing-and-processing vessel m. s. ,Cetus® in the period from
10 February to 20 May 1968. Seventy-two days of this period were spent in
the fisheries. Table IV shows when and how long the trawler stayed in parti-
cular fisheries. The route of the voyage and the situation of the fisheries are
presented in Figs. 1 and 2.

The fish caught was processed in the ship, and scraps and specimens unfit
for consumption were cleared away to the sea. Their removal was done in a nearly
continuous manner by flushing the deck with a jet of water. The scraps removed
overboard and the fishes which got out through the meshes of the nets, while
these were being pulled out aboard, were eaten by the birds. Since the abundant
catches of fish provided material for processing in excess during the nearly
whole voyage, the scraps were removed overboard practically day and night.
Irregularities in the work of the processing plant and changes in the amount
of scraps have not been taken into consideration because of the difficulties
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Table IV

Numbers of days of observation in fisheries in the Labrador
and Newfoundland region

Fishery No. Dates of observations | Numbers of days
1 27 March — 1 April 6
20—29 April 10
Total days 16
20 17—19 April 3
2—4 May 3
5—9 May 5
Total days 11
3 19 February—4 March 15
Total days - 15
4 8—13 March 6
15—24 March 10
11—16 April 6
Total days 21
Others 5—17 March
14 March
23, 26 and 30 April
1—2 May. Total days 9
Total for all fis
heries 72

encountered in their quantitative estimation. It has therefore been assumed
that the amount of the scraps and the time of their removal overboard are
proportional to the weight of fish caught by the crew of the trawler. For this
reason the mean. output of catches in a fishery was used for comparison with
the numbers of birds. ;

The correlation between the number of birds at the time of single observa-
tions and the amount of food for birds thrown away from the ship from which the
observations were made was determined by comparing the numbers of birds
with the simultaneous manoeuvres of the ship. The passage of the trawler
to another fishery was not as a rule accompanied by the processing of fish.

A similar technique of processing was used by nearly all the trawlers fishing
in this area, not excluding those under foreign flags.

Fishing was done at the slope of the shelf in the region revealing an action
of the cold Labrador Current. The trawlers moved among floes and in freely
drifting ice, which was rather compact till the beginning of March. As will
be seen from the entries in the log-book, in the evening of 2 March the ice sur-
rounding the trawler began to move somewhat apart, leaving fairly large -areas
of the water surface free from ice. Later, fishing was continued in less compact
ice fields. The Labrador Current drifted the ice and the trawlers fishing in free
areas amidst it at a speed of about 1 knot southwards (Newfoundland and
Labrador Pilot, 1965).
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Fig. 2. The distribution of fisheries in the region of Labrador and Newfoundland in the north-

western Atlantic. The graphs show percentages of observations with different numbers

of birds of the four species examined: A. Fulmarus glacialis: T — 0—50, IT — 51—400, III —

401—1000, IV — over 1000; B. Rissa tridactyla: 1 — 0—100, IT — 101—200, IIT — 201—500,

IV — 5011000, V— over 1000; C. Larus hyperboreus: I — 0, II — 1—20, IIT — over 20;
D. Pagophila eburnea: I — 0, II — 1—5, ITI — 6—20, IV — over 20

The weather fluctuations showed great amplitudes, being characterized
by the wind-speed of 1 to 11—12 degrees on the Beaufort scale, the air tempe-
rature of —18 to +10°C and the barometric pressure of 959 to 1030 millibars.

The elaboration of the results does not as a rule include the state of the sea,
because the waves were markedly suppressed by the ice-floes.

Out of the birds observed in the vicinity of the trawler, Fulmars, Kitti-
wakes, Glaucous Gulls and Ivory Gulls occurred in fairly large numbers. Only
these species were embraced in comparisons carried out between the numbers
of birds and the changes in weather. Fulmars and Kittiwakes were more nume-
rous and appeared nearly every day. Consequently, it was possible to obtain
information as to what percentages of the total were formed by the birds fol-
lowing the ship, flying at a distance or migrating, and, lastly, sitting on the sea
surface, in a fairly large number of observations. In the case of the remaining
birds only the total number was taken into account.
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2. Fulmar Fulmarus glacialis (LINNARUS, 1761)

Fulmars appeared in the study area everyday except for a period from
20 February to 1 March. After that period the numbers of birds at the time of
observations reached 4500 on 4 March, 7840 on 15 March, 5400 on 16 March,
5300 on 18 March, 3500 on 12 April and 2700 on 13 April. The numbers of birds
in particular observations are presented in Fig. 3, which shows that this species
occurred sporadically and in small numbers from 19 February to 1 March.
This was probably due to the fact that the trawlers fished among large and
compact ice-fields, which made it difficult for the fulmars to penetrate the
area on account of their specific manner of flying, in which they make use
of the air currents produced by the action of the wind on the undulating sea
surface.

The correlation between the number of birds and the situation of the fishery
in which the observations were made is also statistically significant (Table V,
Fig. 2). Figure 2 indicates that the largest numbers of these birds were observed
in the fisheries situated farthest to the north and designated by the numerals 3
and 4. The number of birds varied also from month to month (Fig. 4A). Apart
from the lack or small numbers of birds observed in February, in March, April
and May these numbers showed a gradual decrease.

The number of birds in the fisheries was correlated with the average output
of the catches. Fig. 4 B shows that an increase in the size of catches was accompa-
nied by a rise in the mean number of birds counted during one day.

Table V
Analysis of significance levels of correlations between the number of Fulmars
and the factors examined

—48 —24 —12 0 +12 424 448
Fishery 0-01
Month of observation 0-01
Number of trawlers 0-20
Size of catches 0- 05
Manoeuvres of trawler 0-30
Time of day 0-10
Time of day+ 0-80
Wind-speed 0-:30 0-02 0-30 0-10 0-50 0-70 0-80
Wind direction 0-10
State of sea 0-30
Cloudiness 0-20  0:70 0-30 0-80 0-50 0:50 0-01
Visibility 0-01 0-:30 0-20 0-70 0-20 0-98 0-01
Barometric pressure 0-70 0-50 0-05 0:10 0-20 0-70 0-20
Air temperature 0-30 0-80 0-80 0-80 0-10
Water temperature 0-01

Time of day+ — the relative numbers of birds, during the day, classified in groups of maxi-
mum, medial and minimum numbers of birds, were compared bhetween particular times of day.
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The abundance of fulmars was related to the following weather factors:
the wind-speed 24 hours before the observation (correlation significant at the
level of 0-02), the cloudiness 48 hours after the observation (correlation signi-
ficant at the level of 0-01), the visibility 48 hours before and after the observa-
tion (correlations significant at the level of 0-01), the atmospheric pressure
12 hours before the observation (0,05) and the water temperature (0-01). The
correlation between the number of birds and the passage of fronts was not signi-
ficant.
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Fig. 4. Changes in the number of Fulmars according to A — month of observations, B —— size

of catches in fishery expressed in tons per trawler, C — barometric pressure (N = —12),

D — cloudiness (N = +48), E, F — visibility (N = +48, —48), G — wind-speed (N = —24),

H — sea surface temperature. The blocks represent the quantitative share of observations
with 0—400 birds

The number of Fulmars in relation to the wind-speed recorded 24 hours
earlier is presented in Fig. 4 &, which shows that an increase in the wind-speed
caused a rise in the number of birds. Similarly, there was an increase in the num-
ber of birds 48 hours after the deterioration of visibility (Fig. 4F) and 12 hours
atter an increase in the barometric pressure to above 1011 millibars (Fig. 4 C).
At the same time a rise in the number of birds occurred 48 hours before a de-
crease in cloudiness and 48 hours before the deterioration of visibility (Fig. 4D
and F). A drop in the number of birds was associated with the reverse values
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of these weather factors. The weather factors are summarized in Table VI,
which facilitates further analysis of the correlations. The correlation between
the number of birds and the temperature of the superficial layer of the sea
is given in Fig. 4H, which shows the occurrence of large numbers of Fulmars
only when this temperature was 0 and —1°C.

Figure 5 is a diagrammatic weather chart with the results of observations
plotted on it. As can be seen from the map and from Table VII, the birds of
this species were most numerous behind a depression, in an anticyclone or col,
and also in a shallow depression. They occurred in the smallest numbers at the
time of the passage of fronts and during a low. An analysis of the movement
of the high in relation to the place of observation (Table VIII) shows that
a rise in the number of birds coincided with the presence of the edge of a high

Table VI
Weather factors accompanying maximum numbers of Fulmars
i = Barometric :
Date Visibility Wind-speed profsure Cloudiness
Sy gy dubpi i ] i ! +48
3 III 5 5 6 981 4
4 TII 2 5 4 993 3
4 III 2 5 4 996 2
9 IIT 10 10 5 992 1
9 III 10 10 5 983 Al
9 III 2 10 5 981 1
10 III 3 2 6 987 4
1100 2 5 6 1010 1
11T 5 10 6 1015 1
13 II1 10 5 8 1000 4
14 IIT 2 9 7 1016 4
16 III 1 10 8 992 2
16 1II 1 10 8 1001 1
16 III 2 10 8 1002 2
il 101 2 10 3 1017 0
17 T 2 10 4 1015 0
18 III 2 10 3 1012 1
22 T1I 5 1 6 1015 il
23 111 2 5 6 1015 3
12 IV 10 2 1012 2
12 IV 10 2 1012 2
12 IV 5 2 1011 3
13 IV 1 10 2 1013 3
13 IV 1 10 2 1013 P
14 IV 5 10 3 1011 1
14 IV 15 10 3 1011 il
14 IV 10 10 4 1012 1
23 IV 3 10 ] 4 1017 1
23 IV 3 10 5 1017 1
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Table VII

Correlation between the number of Fulmars and the situation of the place of observation
plottet on the synoptic diagram

: |
0—100 |101—500| 501—1000 |above 1000| Mean

I High and col 11 19 3 10 780
2 Fronts 5 12 1 1 500
3 Depression 12 17 3 3 470
4 Behind depression 1 2 1 3 1200
5 Weak low-pressure system 5 3 2 4 780
T = 252
p < 0:05

Table VIII

Correlation between the number of Fulmars and the movements of the high in relation to the
place of observation

0—100 [101—500| 501—1000 |above 1000 | Mean
1 Approach of high towards
place of observation 0 0 0 2 2000
2 High over place of observation 6 12 2 3 632
3 High-pressure ridge obver pla-
ce of observation 2 6 1 0 455
4 Edge of high over place of ob-
servation 2 3 1 3 970
= 4.34
p << 0:01

over the fishery. Fewer birds occurred in the high itself or in a ridge of high
pressure. Table IX presents these relations for a low. According to it, the birds
are most numerous in a trough of low pressure and least numerous in the
peripheral portion of lows. The correlation between the number of birds and the
passage of fronts is not significant (Table X).

Fulmars occur more numerously in the northern oceanic areas situated off
Labrador and give preference to sea regions with a superficial water tempera-
ture of 0 to —1°C. The increase in the number of birds in the period of bigger
catches is hard to interpret, because the higher output of fishing was achieved
in March and in the fisheries farthest to the north, and these circumstances
may have affected the results obtained.

Large flocks of Fulmars were observed when the barometric systems moving
over the fishery were transitional between the high and the low, whereas a de-
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Table IX

Correlation between the number of Fulmars and the movements of the low in relation to the
: place of observation

0—100 |101—500| 501-1000 |above 1000| Mean
1 Approach of low towards place |
of observation 2 5 1 1 630
2 Centre of low over place of ob-
servation 3 5 2 1 620
3 Low moving away from place
of observation 2 2 1 640
4 Low-pressure trough over place
of observation 3 3 3 3 830
5 Edge of low over place of ob-
servation 11 7] . 255
F = 264
p< 0-05
Table X

Correlation between the number of Fulmars and the movement of the fronts
in relation to the place of observation

| 0—100 {101—500| 501—1000 | above 1000

1 In advance of front 9 6 it 1
2 During the passage of :
| front . 10 12 9 6
g 3 Behind front 10 32 4 2
F = 2:54

crease in their number fell in the high and low themselves. The maximum num-
bers of birds were seen 48 hours after a spell of poor visibility and heavy winds,
and at the same time 48 hours before an improvement in both visibility and
cloudiness. Keeping to the peripheries of high-pressure systems and to shallow
depressions, these birds avoid stormy weather and periods of poor winds which
may happen during a high and make it difficult for them to fly in search of
food.

Birds following the trawler

The results concerning the birds flying after the trawler are collected in
Table XI, which shows that their percentage was correlated with the wind-speed
at the time of observation (significantly at 0.01 level), the cloud-cover 24 hours
before the observation (significantly at 0-05 level) and the barometric pressure
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24 and 12 hours before and 12 hours after the observation (significantly at
0:02, 0-01 and 0-02 levels, respectively).

The absolute number of birds following the trawler was also correlated with
the wind-speed at the time of observation (0-01 level of significance).

Table XII presents the correlation between the percentage of Fulmars
following the trawler and the pattern of synoptic situation. Tt is significant
at the 0-01 level. .

Table XI

Analysis of significance levels of correlations between the percentage of the
Fulmars flying after and feeding at the trawler and the factors examined

|
5 g 94 P ifol 0h s hip iod g
|
Total of birds j 020
Time of day ' 0-70
Time of day+* 0-70
Wind-speed 0-70 0-20 0:70 0-01 0-50 0-70 0-80
Wind direction 0-10
State of sea 0-30
Cloudiness 0-99 0-05 070 0-95 0-90 0-70 0-70
Barometric pressure 0-50 002 0-01 0-20 0:02 0-30 0-95
Number of Fulmars fol- -
lowing trawler ace. to
wind-speed ] 0-30 0-01 0-70

Table XII

Correlation between the percentage of the Fulmars following the trawler
and the synoptic situation pattern

0—20 | 21—60 61—100 Mean

1 High and col 10 13 14 589,

2 Fronts 2 1 14 869%

3 Depression 9 4 21 O

4 Weak low-pressure sy-

stem 6 1 4 469%
=415
p< 001

The percentages of birds flying after the ship at various wind-speeds are
given in Fig. 6 A. It will be seen from it that an increase in the wind-speed to
above 4 degrees on the Beaufort scale caused a rise in the percentage of these
birds. As shown in Fig. 6 B, the numbers of Fulmars following the ship obser-
ved at various wind-speeds behaved similarly.

Acta Zoologica Cracoviensia nr 13 %
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The relation of the percentage of Fulmars flying after the ship to the cloud-
iness preceding their count by 24 hours is presented in Fig. 6 C. A rise of the
percentage was observed 24 hours after an increase in the cloud-cover. Fig. 6D,
E and F shows the percentage of Fulmars following the ship as related to the
barometric pressure 24 and 12 hours before and 12 hours after the observation.
A fall of pressure to below 1010—1001 millibars was followed by an increase
in the percentage of birds flying after the ship.

A B
10 10
05 el 05
T 2 514 56- 1 2 314 5 6-11
c )
10 — 10
05 w95
0-1 213 4 12194 5
F
1,0 = 10
05 05
127955 T 28 85

Fig. 6. Changes in the percentage of Fulmars following the trawler according to A — wind-

speed (N = 0), B — changes in the total of Fulmars in the neighbourhood of the vessels rela-

tive to the wind-speed (N = 0), C — cloudiness (N = —24), D, E, F — barometric pressure

(N = —24, —12, 424). The blocks, except in Graph B, represent the quantitative share of

observations with 0—409, of birds, those of Graph B observations with 0—400 birds. In Graphs

D, E and I the barometric pressure values are 1. 971-—990, 2. 991—1000, 3. 1001—1010,
4. 1011—1020, 5. 1021—1030 millibars

Table XII presents the relations between the percentage of Fulmars follow-
ing the ship and the synoptic situation pattern. The data given in this table
show that these birds formed the highest percentage of the total when fronts
passed over the fishery and during a depression; on the other hand, the lowest
percentage occurred at the time of a high, col and weakly cyclonic weather.

Fulmars flying at a distance from the ship

The results of observations concerning the correlation between the percent-
age of birds flying at a distance from the ship and the environmental elements
examined are given in Table XIII. This correlation appears significant with

N
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the wind-speed 24 hours before the observation (0-02 level of significance),
the wind-direction at the time of observation (0-02 level) and the cloud-
iness 24 hours before (0-05 level). In addition, there is a correlation between
the number of Fulmars flying at a distance from the ship and the total of these
birds from before 48 hours.

1.0 1.0

B
M
osﬂ 051 ,—ﬁ
o
ey

|

L

0-10010HO00. 02 3 4 5 76
1000

05 W 0,5[

OMEOHS T4 Sb\N»\’\lW

Fig. 7. Changes in the percentage of Fulmars flying at a distance from the trawler according

to A — total of Fulmars (N = —48), B — wind-speed (N = —24), C — cloudiness (N = —24),

D -— wind direction (N = 0). The blocks represent the quantitative share of observations
with 0—409%, of birds

Table XIII

Analysis of significance levels of correlations between the percentage of the
Fulmars flying at a distance from the trawler and the factor examined

’ o i L) o L
Total of Fulmars 0:05 095 0-30 0:70 0-20
Time of day 0-70
Wind-speed 0:50 0:02 0-60 0-99 0-10 0-30 0-80
Wind direction 0- 02
State of sea 0-95
Cloudiness 0:99 0-05 0-70 0-20 0-70 0-20 0:90
Barometric pressure 0-99 0-30 0-10 0-99 0-70° 0-30 0-95

No correlation was found between the percentage of Fulmars and the com-
plex estimation of the weather.

Fig. TA shows the percentage of Fulmars flying at a distance from the
trawler in relation to their total number 48 hours earlier. An increase in the
percentage occurred 48 hours after a rise in the total of Fulmars.

The correlation between the percentage of Fulmars flying at a distance
from the ship and the wind-speed and cloudiness 24 hours before the observa-

2*



600

tion is given in Fig. 7B and C. A decrease in the wind-speed and cloudiness
appears to have been responsible for a rise in the percentage of birds. Besides,
the rise of the percentage of Fulmars flying at a distance was related to the
west winds blowing at the time of observation (Fig. 7D).

-

Fulmars sitting on the sea surface

An analysis of the correlations between the percentage of Fulmras sitting
on the sea surface and the environmental elements examined is presented in
Table XIV. Significant correlations occurred between the percentage of birds
and the wind-speed 48 and 12 hours before the observation and that at the time
of-observation. These correlations are significant at the 0-05, 0-05 and 0-01
levels, respectively. Moreover, correlations significant at the 0-01 level have
been found between the percentage of birds and both the wind direction and
the state of the sea at the time of observation.

The distribution of the percentages of birds sitting on the sea surface in

_relation to the complex estimation of the weather is not significant.

Fig. 8A shows the percentage of birds floating on the sea surface at various
wind-speeds preceding the count by 48 hours. As will be seen from this figure,
a rise in the percentage of birds occurred 48 hours after an increase in the wind-
speed to above 4 degrees on the Beaufort scale. The effect of the same factor
12 hours before and at the time of the observation is illustrated in Fig. 8B and
C. A higher percentage of Fulmars swam on the sea when the force of wind
was below 4 degrees on the Beaufort scale.

The south-west winds prevailed when the percentage of birds sitting on the
sea surface was on the increase (Fig. 8E). An increase in the percentage of Ful-
mars occurred also at the time when there were slight waves on the sea (below
3 degrees on the Beaufort scale — Fig. 8D).

Table XIV

Analysis of significan‘ce levels of correlations between the percentage of the
Fulmars sitting on the sea surface and the factors examined

g od ol 0 1D g g
Total of Fulmars 0-70 0-10 0-10 0-20 0-95
Time of day ' 0:70
Time of day+ 0-50
Wind-speed 005 030 005 001 020 0-20 0-90
Wind direction 0-01
State of sea 0-01 :
Cloudiness 0-50 0-95 070 0-80 0:80 0-80 0-10
Barometric pressure 0-10 0-98 0-90 0-20 0-20 0-50 0-90
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Fig. 8. Changes in the percentage of Fulmars sitting on the sea surface according to A, B,
C — wind-speed (N = 0, —12, —48), D — state of sea (N = 0), E — wind direction (N = 0).
The blocks represent the quantitative share of observations with 0—409, of birds

Recapitulation of the results of investigation on Fulmars

Table XV summarizes the factors to which the changes in the number
and percentages of Fulmars classified according to the three types of their
behaviour are related.

An increase in the total of Fulmars was observed during a shallow depression
and a high (mainly at its edge), behind a low and in a trough of low pressure
on the days following a spell of poor visibility, fast winds, and directly after
a rise in barometric pressure. In my observations a decrease in the number
of Fulmars occurred when two days of good visibility and slight winds were
followed by a fall in barometric pressure, or during a low, at its edge, and at
the time of active fronts and a high-pressure wedge. The close correlation with
the changes in cloudiness and visibility 48 hours before the observation suggests
a rather long duration of a favourable or unfavourable state of weather. An in-
crease in the percentage of Fulmars following the trawler, most of which fed
on scraps removed from the deck and organisms thrown to the sea surface
by the revolutions of the ship screw, occurred before and after a fall in baro-
metric pressure, 24 hours after an increase in cloudiness, during the passage
of a low and fronts, and at the time of a rise in wind-speed.

A fall in the percentage of Fulmars which followed the trawler was recorded
before and after a rise in barometric pressure, after a decrease in cloudiness,
at the time of a high, shallow depression and subsiding wind.

A comparison of the complexes of weather factors which induced changes
in the total number of Fulmars and in the percentage of birds following the
trawler reveals that the factors responsible for an increase in the total of Ful-
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mars and a decrease in their percentage following the trawler are very much
a like and, vice versa, similar weather factors bring about a decrease in the total
of Fulmars and a rise in the percentage of birds flying after the ship.

The rise in the percentage of Fulmars flying at a distance from the trawler
or migrating occurs during the weather which favours their gathering in the
fishery. This is also true of the birds sitting on the sea surface. In this last case
the increase depends chiefly on the local factor, i. e., the state of the sea, but
its correlation with the wind-speed 48 hours before the observation suggests
that the percentage of Fulmars floating on the sea increases during the weather
with mild winds and the gathering of large numbers of Fulmars associated
with it. In addition, the percentage of birds sitting on the sea surface increased
48 hours after a rise in the total of birds.

A fall in the percentage of Fulmars sitting on the sea occurred at the time
of heavy waves and south or west winds — under circumstances opposite to
those described above.

To sum up, it should be stated that Fulmars feed on the scraps removed
from the trawler during the weather which causes a fall in the total number
of birds (unfavourable factors), whereas they fly up in the air, migrate, or swim
on the sea when the weather resembles the situation which brings about the
gathering of large numbers of Fulmars, only that these types of behaviour
are characterized either by a shift in time in relation to the quantitative maxima
or by lack of any direct connections with them.

3. Kittiwake Rissa tridactyla (LINNAEUS, 1758)

Kittiwakes appeared in the study areas everyday. On some days their
number came up to several thousand (7500 — 27 February, 6340 — 29 February,
3150 — 4 March, 2200 — 9 March). The numbers of Kittiwakes on particular
days of observation are given in Fig. 9. It shows, among other things, that
the number of these birds decreased considerably in the second half of March.
The correlation of the number of Kittiwakes with the month in which obser-
vation was carried out is significant at the 0-01 level (Table X VI, Fig. 10A).

The number of Kittiwakes was also related to the place of observation,
which relation was significant at the 0-01 level. Fig. 2 shows the quantitative
share of observations with different numbers of specimens of this species for
particular fisheries. It will be seen from this figure that the largest numbers
of Kittiwakes occurred in the northernmost fisheries (Nos. 3 and 4).

The number of birds in the vicinity of the trawler changed with manoeuvres
performed by her. The numbers of Kittiwakes found in observations at diffe-
rent manoeuvres of the trawler are presented in Fig. 10B. It shows that more
birds accompanied the trawler during the feeding and hauling of nets,at the time
of trawling and drifting than while she was passing to another fishery. The
difference between the numbers of birds accompanying these two groups of
manoeuvres is significant at the 0-05 level.
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Table XVI

Analysis of significance levels of correlations between the number of Kitti-
wakes and the factors examined

—48 —24 —12 0 +21 424 48

Fighery | 0- 01
Month of observation 0- 01
Number of trawlers 0:50
Size of catches 0-99
Manoeuvres of trawler 005
Time of day 0- 01
Time of day-+ 001
Wind-speed 0-50 0-80 050 0-20 0-01 0-02 0-20
Wind direction 0:50
Cloudiness 0-80 0-80 0-20 0-20 0-70 0:30 0-70
Visibility 0-95 0-80 0-30 0-10 0-10 0-70 0-30
Rainfall 0-30
Barometric pressure 095 0-70 0-20 0-30 0-10 0-70 0-95 |
Barometric tendency 0-10 :
Air temperature 0-01 002 0-01 0-01 0-10

10, A 10 2 10 g

05 05 05

TR t w dlp EEoES

Fig. 10. Changes in the number of Kittiwakes according to A — month of observations, B —

manoeuvres of trawler, C — time of day. The blocks represent the quantitative share of obser-

vations with 0—100 birds. Designations in Graph B: t — trawling, w ——feeding and hauling

of nets, d — drifting, p — passage to other areas. Designations in Graph C: 1 — observations
made in the morning, 2 — at noon, 3 — in the afternoon

The time of day had a significant effect on the number of Kittiwakes (at
00-1 level). Fig. 10C shows the numbers of these birds observed at particular
times of day (morning, afternoon, evening). The correlation between the occur-
rence of the maximum, medial and minimum numbers of birds and the time
of day is given in Fig. 11. Both these figures show that in the morning the
birds occurred in the smallest number, being most numerous in the evening.

As regards the weather factors, the number of Kittiwakes is related to the
changes in winds-speed 12 and 24 hours after the observation and those in air
temperature at the time of observation, 24 and 48 hours before it and 24 hours
after. These correlations are significant at the 0-01, 0-02, 0-01, 0-02 and 0-01
levels, respectively. The correlation between the number of birds and the place
of observation, as plotted on the synoptic diagram, was significant at the 0-01
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level. The relation of the number of birds to the situation of fronts at the time
of observation was also significant (at 0-05 level).

Fig. 12A and B shows the changes observed in the number of Kittiwakes
in relation to the wind-speed. An increase in wind-speed to above 3—5 degrees
on the Beaufort scale followed a fall in the number of birds and, on the contrary,
a rise in the number of birds preceded winds the force of which was lower than
3 degrees.

1:0
N
0.5
Tig. 11. Correlation between the maximum, minimum and medial
! S numbers of Kittiwakes and the time of day. 1 — morning, 2—noon,
= 4 3 — afternoon, a — maximum numbers, b — medial numbers, ¢ — mi-
a o c : nimum numbers

The correlation between the number of Kittiwakes and air temperature
is illustrated in Fig. 12C, D, E and F. An increase in the number was associated
with a fall in temperature.

The diagram of the weather pattern (Fig. 13, Table X VII) shows that Kitti-
wakes were most numerous during a high and col and least numerous while
the fronts were passing over. The correlation of the number of these birds with the
passage of fronts (significant at the 0-05 level) is presented in Table XVIII,
from which it can be seen that a rise in the number of birds occurred ahead of
the fronts, a fall at the time of their passage, and again a rise behind the front.

o o oy AR
05 03 05
1 23456 1 2314556 B
o= —— o o—
=
05 05 05 1
1254 "8 3 % e S

Fig. 12. Changes in the number of Kittiwakes according to A, B — wind-speed (N = +12,
+24), C, D, E, F — air temperature (N = —-48, -—24, 0, +24). The blocks represent the quan-
titative share of observations with 0—300 birds in Graphs. A and B, and 0—100 in Graphs.
C—F. Designations in Graphs. C—TF': 1. above 2°C, 2. +1— —1°C, 8. —2— __5°(, 4. below—5°C
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The significant change in the number of Kittiwakes was not connected with
the distribution of highs and lows.

The foregoing observations indicate that Kittiwakes are most numerous
in the fisheries situated in latitudes higher than 52°N. This is confirmed by
the correlation found between the number of birds and the air temperature,
which becomes lower in higher latitudes. The fall in the number of Kittiwakes
in the second half of March may have been connected with their migration to
the Atlantic regions lying farther to the north or back to their breeding grounds.

Table XVII

Correlation between the number of Kittiwakes and the synoptic situation pattern

[

0—100 |101— 500[ 501—1000

above 1000 1 Mean

1 High and col 34 4 5 | 7 460
2 Fronts 16 3 0 0 162
3 Depression 39 15 7 ] 1 320
F=59
p < 001

Table XVIII

Correlation between the number of Kittiwakes and the movement of the
fronts in relation to the place of observation

0—100 |101—500| 501-—1000 | above 1000

1 In advance of front 0 1 3 1
2 During the passage of :
front 5 14 0 0
3 Behind front 4 8 6 ' )
I = 4-70
p< 0:05

The relation of the number of Kittiwakes to the sort of manoeuvres perfor-
med by the trawler and to the time of day points to the gathering of specimens
of this species in the proximity of the fishing vessels. They feed on large amounts
of fish scraps thrown overboard. The increase in the number of Kittiwakes
in evening hours was probably due to the fact that, having come across a ship,
some of them stayed in her neighbourhood till dusk.

Apart from the foregoing factors, the changes in the number of birds obser-
ved in the fisheries depended on the meteorological factors associated with
the changes in the weather situation on particular days.
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Kittiwakes following the trawler

The results of observations are given in Table XIX. It shows that the per-
centage of Kittiwakes following the trawler was correlated with the time of
day and cloudiness 12 and 24 hours before the observation.

Its correlation with the synoptic pattern of the passing fronts, depressions
and highs was below the level of significance.

Fig. 14 A shows the percentage of Kittiwakes flying after the trawler at
different times of day; it reaches its maximum in the evening and minimum

Table XIX

Analysis of significance levels of correlations between the percentage  of
the Kittiwakes flying and feeding at the trawler and the factors examined

—48 —24 12 0 +12 424 48
Total of Kittiwakes 0-90
Time of day 0-80
Time of day+ 0-01
Wind-speed 0:30 0-30 0-30 0-50 0-20 0:30 0-30
Wind direction 0-30
State of sea 0-20
Cloudiness 0-90 005 005 0-70 0-50 0-10 0-70
Barometric pressure : 0-20 0-98 0-30 0-30 0-20 090 0-99
Air temperature 0-30 0-30 0-80
1.0 At Hop L ok e
\\ B
0.5 N\ 05 O54
5 7 \\ 5]
N
NN,
I DR R T 25

Fig. 14. Changes in the percentage of Kittiwakes following the trawler according to A — time

of day,”B. C — cloudiness (N = —24, —12). The blocks in Graphs B and C represent the quan-

titative share of observations ‘with 0—409%, birds. Graph A shows the relative percentage

value of Kittiwakes. a — maximum numbers, b —anedial numbers, ¢ — minimum numbers,
1 — morning, 2 —noon, 3 — evening

in the morning. The quantitative share of observations with different percen-
tages of Kittiwakes following the trawler in relation to the cloudiness 12 and
24 hours before the observation is given in Fig. 14 B and C. It shows that an
increase in cloudiness was followed by a rise in the percentage of birds following
the trawler.

It may be stated in general on the basis of the material presented in this
paper that Kittiwakes, for the most part, feed in the evening and after an increase
in cloud-cover.
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Kittiwakes flying at a distance from the trawler

Table XX shows the results obtained in this respect. The percentage of
birds flying at a distance from the trawler was correlated with the wind-speed
at the time of obser¥ation (0-05 level of significance) and the cloud-cover 12
hours before the observation (0-02 level of significance). The effect of the pattern
of synoptic situation and that of fronts, lows and highs on the percentage of
Kittiwakes flying at a distance from the trawler were not significant.

The quantitative share of observations with Kittiwakes flying at a distance
from the trawler at various wind-speeds is given in Fig. 15A, which shows
that the greatest quantity of these birds occurred at a wind-speed of 2—3

Table XX

Analysis of significance levels of correlations between the percentage of the
Kittiwakes flying at a distance from the trawler and the factors examined

—48 —-24 —12 0 +12 424 448
Total of Kittiwakes 0-30
Time of day 0-30
Time of day+ 0-30
Wind-speed 0-50 0-10 0-50 005 0-50 0-90 0-10
Wind direction 0-90
Cloudiness 0-95 0-30 0-02 0-70 0-70 0-90 0-50
Barometric pressure 0-50 0-98 0-50 0-80 0-50 0-98 0-50
Air temperature 0-90 0-90 0-20
1.0 = 10 e
05 05
1-2 314 25 1 23| 4
10 < 1.0 D
0.5 0.5
m2ts 4 112545

Fig. 15. Changes in the percentage of Kittiwakes flying at a distance from the trawler (A, B),

sitting on the sea surface (C, D) relative to A — wind-speed (N = (), B — cloudiness (N = —12),

C — total of Kittiwakes, D — state of sea (N = 0). The blocks in Graphs A, C and D represent

the quantitative share of observations with 0—209, of birds, in Graph B those with 0—409.

Designation in Graph C: 1. 0—100, 2. 101—500, 3. 501-—1000, 4. over 1000 specimens alto-
gether
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degrees on the Beaufort scale. This share in relation to the cloudiness 12 hours
before the observation is presented in Fig. 14B. An increase in the percentage
of birds flying at a distance took place 12 hours after light cloudiness (1—2)

Kittiwakes sitting on the sea surface

Out of the factors examined, the total number of Kittitvakes at the time
of observation and also the state of the sea have an effect on the percentage
of specimens sitting on the surface of the sea (Table XXI). The influence of
the first of these factors was significant at the 0-05 level and that of the other
one at the 0-02 level. The correlation between the percentage of birds floating

on the sea and the pattern of synoptic situation and the effect of fronts, lows
and highs were significant below the 0-05 level.

Table XXI

Analysis of significance levels of correlations between the percentage of the
Kittiwakes sitting on the sea surface and the factors examined

—48 —24 —12 0 F12 24 448
Total of Kittiwakes 0-05
Time of day 0-20
Wind-speed 0-70 0-10 0-10 0-70 0-10 0:30 0-90
Wind direction 0-70
State of sea 0-02 ’
Cloudiness 0-98 0-70 0-70 0-10 0-80 0:90 0-90
Barometric pressure 0-20 0-90 0-80 0-10 0-20 0:70 0-70
Air temperature 0-70 0-98 0-98

Fig. 150 shows a quantitative share of observations with different percen-
tages of Kittiwakes swimming on the sea against the changes in the total num-
bers of these birds. The number of birds swimming on the sea increased with
the rise of the total number of specimens in the vicinity of the ship. The per-
centage of birds sitting on the sea surface at various states of the sea is illustrated
in Fig. 15D. This percentage was higher, when the state of the sea was lower,
according to the Beaufort scale, that is, the waves were smaller.

Recapitulation of the results concerning Kittiwakes

The factors statistically associated with the changes in the total number
of Kittiwakes and those in the percentages of these birds classified according
to the three types of their behaviour are given in Table XXII.

A rise in the number of Kittiwakes occurred in the evening, on the days
preceding a decrease in wind-speed. This happened chiefly at the time of a high
and col or ahead of and behind fronts. The number of Kittiwakes decreased
in the morning, before a rise in wind-speed, and during a low and the passage
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of fronts. Besides, fairly large numbers of birds were observed at a low air
temperature at the time of observation, on the days preceding and on the
day following it. Smaller numbers of birds were seen at the time of an increased
air temperature persisting for four days.

The percentage of Kittiwakes flying and féeding in the proximity of the
trawler increased 24 and 12 hours after an increase in cloudiness and in evening
hours, and a fali in it followed a decrease in cloudiness and occurred in the
morning.

The percentage of Kittiwakes swimming on the sea rose when the total
of these hirds increased and when the waves were lower. A fall in the percentage
was recorded when the total of birds decreased and there was a high wave
on the sea.

The percentage of Kittiwakes flying at a distance from the trawler (inclu-
ding migrants) rose 12 hours after a decrease in cloudiness and at the time of
mild winds.

A fall in the percentage of Kittiwakes flying at a distance from the trawler
was observed 12 hours after an increase in cloudiness and at the time when
fairly strong winds prevailed.

As in the case of analogous relations in Fulmars, more birds followed the
trawler and fed in her proximity when the complex of weather factors resembled
that bringing about a fall in the total number of birds.

It may be stated on the basis of the foregoing data that the percentage
of migrating Kittiwakes is higher when the weather is similar to that responsible
for a rise in the total of birds (decrease in wind-speed).

The occurrence of migration is also associated with low cloudiness. After
a spell of increased cloudiness the percentage of Kittiwakes feeding in the vi-
cinity of the trawler was higher.

4. Glaucous Gull Larus hyperboreus GUNNERUS, 1767

Glaucous Gulls appeared in the study area nearly every day, most often
in numbers somewhat exceeding 10 specimens. The maximum numbers observed
were 335 on 26 February, 306 on 30 March and 300 on 13 April. The numbers
of these gulls counted in the fisheries are given in Fig. 16. They were signifi-
cantly correlated with the place of observation (fishery) at the 0-02 level (Ta-
ble XXIIT).

Fig. 2 shows the percentage share of observations with different numbers
of Gloucous Gulls in 4 fisheries. It will be seen from this figure that the birds
were most numerous in fishery 1, situated farthest to the south, and in fishery
4, which was situated farthest to the north.

The number of birds is not correlated with the month in which the obser-
vations were made, the number of ships and the output of catches in the parti-
cular fishery. It was correlated with the change in wind-speed 24 and 48 hours
after the observation and that in cloudiness 24 hours after it (Table XXIII)

Acta Zoologica Cracoviensia nr 13 3
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Table XXIII

Analysis of significance levels of correlations between the number of Glau-
cous Gulls and the factors examined

—48 —42 —12 0 412 +24 +48

Fishery 0-02
Month of observation 0-99
Number of trawlers 0-80
Size of catches 0-95
Time of day 0-90
Time of day+ 0-30
‘Wind-speed 0-20 090 099 0-70 0-20 0-01 0-05
Wind direction 0-50
Cloudiness 0-50 0-50 0-70 0-30 0-20 0-05 0-10
Visibility 099 0:80 0:20 0-50 0-20 0:70 0-50
Barometric pressure 0-30 0-30 0-90 0-20 0-10 0-10 0-30
Mean air temperature 099 0-70 0-20 0-30 0-90 =
Amplitude of tempera-

ture > 0-50

at the 0-01, 0-05 and 0-05 level, respectively. The correlation between the number
of birds and the place of observation, as plotted on the synoptic diagram, was
significant at the 0-05 level.

The relation of the number of Gloucous Gulls in particular observations
to the wind-speed 24 and 48 hours after these observations is presented in Fig.
17 A and B. An increase in the number of birds was recorded 24 and 48 hours
before a wind of a speed lower than 4—>5 degrees on the Beaufort scale. A fall
in the number of gulls occurred 24 and 48 hours before a wind blowing at a hig-
her speed.

Fig. 170 shows the quantitative share of observations with gulls at diffe-
rent degrees of cloudiness 24 hours after the observation. A fall in the number

Table XXIV

Correlation between the number of Glaucous Gulls and the synoptic pattern

0 : 1—20 | above 20 - Mean
1 High and col 10 29 12 10
2 Fronts 9 12 1 4
3 Depression 4 20 17 5 6
4 Behind depression 1 6 1 10
5 Weak low-pressure sy- :
stem 5 9 2 8
F = 2:94 :
p< 0-05

3*
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of birds occurred before an increase in cloudiness and, vice versa, 24 hours
before a decrease in cloud-cover there was a rise in the number of observations
in which more than 20 specimens were counted.

The synoptic pattern (Fig. 18, Table XXIV) shows that the largest numbers
of Gloucous Gulls were observed in the fisheries during a high and col and after
a low. The gulls were least numerous at the time of a low and fronts.

A B €

02 05 05

1-2 314 5 129050 4005 10 ey

Fig. 17. Changes in the number of Glaucous Gulls according to A, B — wind-speed (N = +24,
+48), C — cloudiness. The blocks represent the quantitative share of observations with 0—10
birds

The foregoing observations indicate that Glaucous Gulls give preference
to sea areas with light winds, which together with low cloudiness often charac-
terize anticyclonic or col weather (very low pressure gradient). The data pre-
sented also show that the occurrence of these birds in particular sea regions
is chiefly related to the weather which is to follow.

5. Ivory Gull Pagophila eburnes (PHIPPS, 1774)

In the study areas Ivory Gulls appeared in small numbers (maximum num-
bers being 70 specimens on 4 March, 25 on 18 March and 24 on 30 March).
The numbers of birds occurring in the fisheries at the time of particular obser-
vations are given in Fig. 19. As can be seen from this figure, Ivory Gulls were
as often as not entirely lacking or represented by single specimens. No speci-
mens of this species were observed after 20 April. The birds observed included
also specimens marked by juvenile colouration. The quantitative changes
found in this species were independent of the place of observation and the month
in which it was carried out (Table XXV). Table XXV shows also that there
were no significant correlations between the number of Ivory Gulls and the
number of trawlers fishing in the place of observation and the average output
of fishing in the fishery examined. Out of the remaining factors, the number
of birds was correlated with the visibility 12 hours after the observation at the
0-01 level of significance. Its correlation with the place of observation plotted
on the synoptic diagram was also significant at the 0-01 level (Table XXVI,
Fig. 20).

Tig. 21 shows that a decrease in visibility below 3 occurred 12 hours after
a rise in the number of Ivory Gulls from 1 to 5, and, above all, to above 6 spe-
cimens. >
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The weather diagram (Fig. 20, Table XX VI) shows that an increase in the
number of birds took place in an area over which a shallow depression was
moving (mean number of birds in an observation was 2:7), whereas a fall in

Table XXV

Analysis of significance levels of correlations between the number of Ivory
Gulls and the factors examined :

—48 —24 —12 0 +12 424 448
Fishery 0-98
Month of observation 0-90
Number of trawlers 050
Size of catches 0-70
Time of day 0-90
Time of day-+ 0-50
Wind-speed 0-70 099 099 099 0-20 0-30 0-99
Wind direction 0-99
Cloudiness 0-50 0:70 0-70 0-99 0-70 0-50 0-70
Visibility 0-30 0-95 0-20 0-99 0.01 0-99 0-70
Barometric pressure 0-30 0-70 0-20 0-30 0-80 0-70 0-70
Air temperature 0-80 0-20 0-70 0-20 0-20
Water temperature 0-50

Table XXVI
Correlation between the number of Ivory Gulls and the synoptic situation
pattern

l

i 0 1—5 above 6 Mean

|
1 High and col 31 14 6 1-4
2 Fronts 16 7 0 0-3
3 Depression 25 10 7 1-9
4 Behind depression 7 0 0 0-0
5 Weak low-pressure sy- ;

stem ) 4 4 27
F=58
p< 0-01

it occurred at the time of the passage of fronts and behind a low (no specimens
observed). There were on an average 1-4 and 1-9 birds per observation during
a depression, high, or col. Table XXVII shows the weather pattern and the
absolute values of visibility accompanying the maximum occurrences of Ivory
Gulls. In addition, the fall of rain (4 March) and snow (in the remaining cases)
is represented in this table by its time compared with the time of observation.
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As will be seen from this table, in all the cases the rise in the number of birds
was correlated with the position of the place of observation in relation to the
synoptic pattern or with the deterioration of visibility combined with rainfall.
In two cases (30 March and 13 April) there was no deterioration in visibility
in 12 hours, but there occurred falls of snow after 24 and 8 hours, respectively.

Table XXVII

Weather factors accompanying maximum numbers of Ivory Gulls

Date Visibility 12 }.1rs aftér Occurrence of weak brfca;:tf:lrleﬁﬁzﬁshﬁus
observation low-pressure system after observation)

4 111 0-3 (+12)
4 111 5 (+12)
7 111 2 (+12)
18 IIT 10 +

18 III 10 Gl

24 111 2 (+12)
24 TII 1 (+12)
25 ITT 2 i

26 IIT 6 il

30 1II 5 (+24)
SALAUNE 2 (+12)
31 IIT 2 (+12)
11V 2 (+12)
13 IV 05 (+12)
13 V 10 (+8)

Table XXVIII

Levels of significance of correlation between

the numbers of particular species examined

in fisheries in the Labrador and the Newfound-
land region

Fulmarus glacialis — Pagophila eburnea : 0-99
Fulmarus glacialis — Larus hyperboreus : 0-02

Lulmarus glacialis — Rissa tridactyla  : 0-50
Rissa tridactyla  — Larus .hyperboreus : 095
Rissa tridactyla  — Pagophila eburnea : 0-30

Larus hyperboreus — Pagophila eburnea : 0-50

The present investigation shows that the occurrence of Ivory Gulls is not
associated with a definite area in the region examined, neither does it reveal
‘any connections with the presence of fishing trawlers. The only factor with
which the changes in their numbers are correlated are the changes in weather.
The birds aggregate in the largest numbers in areas which exhibit a shallow
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depression, depression, or anticyclone. They appear most rarely at the time
of the passage of fronts and behind a low-pressure system. A rise in the number
of Ivory Gulls occurred also 12 hours before a deterioration in visibility, always

10

05

Tig. 21. Changes in the number of Ivory Gulls according to visibility

(N = +12). The blocks represent the quantitative share of observations
with 0—5 birds

10 ——

Fig. 22. Relationship between the number of Glaucous Gulls and that of 05
Fulmars. The blocks represent the quantitative share of observations with ‘
0—10 Glaucous Gulls in relation to the gquantitative ditribution of Fulmars:

1. 0—50, 2. 51—400, 3. 401—1000, 4. over 1000. 1213 4

combined with the fall of snow or rain. This fact indicates that they can mi-
grate actively to regions with more favourable atmospheric conditions. They
can also acquire information about the approach of poor visibility and rainfall
about 12 hours in advance.

6. Relations between the numbers of particular bird species

Levels of significance for the correlations between the numbers of parti-
cular species at the time of observation are presented in Table XXVIII. It
shows that there was a correlation between the number of Fulmars and that
of Glaucous Gulls. Fig. 22 shows the share of the observations with Glaucous
Gulls in relation to the number of Fulmars in the fishery. It will be seen from
this figure that the increase in the number of Glaucous Gulls accompanied the
increase in the number of Fulmars.

IV. FISHERIES IN THE NORTH SEA

1. Introductory

I made cruises to the fisheries in the North Sea in the trawlers s. s. ,,Haricza*
from 3 February to 9 March 1964, s. s. ,,Biala* from 22 August to 19 September
1968 and s. s. ,Przemsza® from 4 to 25 October 1968. The stay in the fisheries
lasted 48 days altogether.

Table XXIX gives the numbers of days and dates of stays in particular
fisheries. The itineraries of cruises and the situations of fisheries are presented
in Figs. 1 and 23.

The catches were followed by the classification and preservation of the fish
caught on board the trawler. The hauling of nets on to the deck was accompa-
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nied by a number of manoeuvres performed by the trawler, and for the birds
these movements were an indication of the possibility of finding food in the
proximity of the vessel. As a result, only a slight number of birds followed
the trawling vessel (MANIKOWSKI, 1966), since at that time they were feeding
at other fishing trawlers. The removal of fish scraps overboard by flushing
the deck with water was done after the processing of fish. Then the birds gath-
ered in the vicinity of the trawler until all the food had been collected. This

Table XXIX

Numbers of days of observations in fisheries in the North Sea

Fishery No. Dates of observations | Numbers of days
n

1l 13—15 February 3
21—22 February 2
29 February—6 March 7
Total days 12

2 16 February 1
19—20 February 2
28 February 1
Total days 4

3 25—27 August 3
10 September 1
16 September 1
17 October i 1
Total days 6

4 14—16 October 3
Total days { 3

5 28 August—8 Septem-

ber 12

11—15 September 5
6—11 October 6
Total days 23
Total for all fis- 48
heries

type of behaviour of the birds did not allow the adequate determination of the
proportions of migrating specimens and those sitting on the sea surface, because
all the birds stayed near the trawler feeding or waiting for food during this
phase of fishing. At the time of trawling the birds flew to another vessel that
was busying herself with hauling in the nets and processing the fish.

Only observations with the maximum numbers of birds at the time of haul-
ing in the nets with fish have been taken into consideration in the further
elaboration of material.

The weather fluctuations in the fisheries showed a great amplitude, embra-
cing the wind-speed from 0 to 8 degrees on the Beaufort scale, the state of sea
from 0 to 9, and the barometric pressure from 995 to 1035 millibars.
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Fig. 23. Distribution of fisheries in the North Sea. The graphs show the quantitative share

of observations with different numbers of birds of the four species examined: A. Fulmarus

glacialis: I. 0—10, II. 11-—40, III. 41—100, IV. over 100. B. Rissa tridactyla: I. 0—50, II.

51—100, III. 101—400, IV. over 400. C. Sula bassana: I. 0—10, IT. 11—40, III. over 40.
D. Larus marinus: 1. 0—10, II. 11—40, I1I. 41—100, IV. over 100

Fulmars, Kittiwakes,vGreat Black-backed Gulls and Gannets occurred most
numerously in the fisheries and only these species are included in the present
study.

2. Fulmar Fulmarus glacialis (LINNAEUS, 1761)

Fulmars appeared nearly everyday in the period of investigation. Their
maximum numbers in an observation were 600 specimens on 28 August, 430
on 29 August and 400 on 30 August 1968. The numbers of Fulmars in particu-
lar observations are presented in Fig. 24. The changes in the number of these
birds are significantly correlated (Table X XX) with the situation of the trawler
and the month in which the observation was carried out (Figs. 23 and 25A).
The figures show that the largest numbers of birds were observed in fishery
No. 5 and, as regards the time, in August and September.
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Fig. 24. Numbers of Fulmars in particular observations made in the fisheries in the North
Sea in the morning, at noon and in the afternoon in the periods: 12 February — 6 March 1964,
25 August—16 September 1968, and 6—17 October 1968

Table XXX

Analysis of significance levels of correlations between the number of Fulmars
and the factors examined

—48 —24 —12 0 +12 +24 448
Fishery 0-01
Month of observation 0-01
Number of trawlers 0-10
Size of catches 0-99
Time of day 0-70
Time of day+ 0-99
Wind-speed 0-10° 0-05 095 020 050 0-90 0-01
Wind direction 070
State of sea 0-30 001 0-70 0-10 0-:20 0:01 0-01
Cloudiness 0-99 0-20 099 0-99 0-99 0:90 0-50
Visibility 099 0-50 020 0-50 0-30 0:70 0-30
Barometric pressure 099 099 099 0-30° 0-50 0-30 0-99
Air temperature 0-30
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The changes in the number of Fulmars are also correlated with the wind-
speed 24 hours before and 48 hours after the observation (at 0-05 and 0-01
levels, respectively) and the state of the sea 24 hours before and 24 and 48
hours after the observation (in all cases at 0-01 level).

The correlation of the number of Fulmars with the situation of the place
of observation, as plotted on the synoptic diagram, was not significant (Table
XXXT), but with the movements of the barometric systems it was significant
at the 0-05 level.

10 = 1.0 -
0.5 Q.54
VIl X X i GRS
1.0 & 1.0 D
0.5 0.5
12134175 112 3>
e o
0.54 (©)foh
il 2 5{)4 112 5124

Fig. 25. Changes in the number of Fulmars according to A — month of observations, B, C —

wind-speed (N = —24, +48), D—F — state of sea (N = —24, +24, -+48). The blocks of

Graph A represent the quantitative share of observations with 0—100 birds, and those of the
remaining graphs with 0—400 birds

Fig. 25B and C, which presents the correlation between the number of
Fulmars and the wind-speed 24 hours before and 48 hours after the observa-
tion, shows that there was a rise in the number of these birds before and after
winds of speeds ranging from 2 to 4 degrees on the Beaufort scale. Lighter
winds brought about falls in the number of birds and, on the other hand, a fall
in this number was followed by stronger winds. A similar situation occurs
in so far as the states of the sea associated with the wind-speed are concerned
(Fig. 25D, E and F). Waves of a strength of 2—3 degrees were preceded and
followed by a rise in the number of Fulmars.
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Table XXXI

Correlation between the number of Fulmars and the synoptic situation

pattern
1 l ;
i | 0—25 | 26—50 51—100 | above 100
1 High b g 1
[ 2 Fronts 23 4 3 4
i 3 Before depression 9 Il 2 2
| 4 Depression 15 3 1
\ 5 In advance of occulusion 17 3 2
_} 6 Passage of occlusion and
| behind it 25 5 2
HE=—RS

The relation of the number of Fulmars to the general barometric situation
is presented in Table XXXII, which shows that a rise in the number of birds
occurred during a col. Medium numbers of birds were observed during a high
and the minimum ones appeared during a low.

Table XXXII

Correlation between the number of Fulmars and the movement of barometric systems

{ 0—25 26—50 ‘ 51—100 |-~above 100 Mean
1 High 24 6 ' 3 ‘ 2 35
2 Low 36 11 2 2 P21l
’ 3 Col 14 3 , 4 4 7
I = 399
p< 005

The largest numbers of Fulmars were recorded in August and September
and in the fishery which, out of all the fisheries in the region of Great Britain,
was situated farthest from the coast. A rise in the number of these birds took
place within an area of a relatively low gradient of fluctuations of wind-speed
and state of sea, that ig, in a barometric col. The presence of these birds in ad-
vance of moderate winds indicates the possibility of their active choice of such
a region of the sea as can provide them with the optimum conditions to carry
on flights in search of food. On the other hand, they are able to anticipate the
approach of too strong or too light winds and leave a given area 24 and 48
hours earlier.

The lack of correlation between the number of Fulmars and the number
of fishing trawlers, the output of fishing and the time of day shows that these
birds are not associated with the presence of ships in an absolute manner.
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3. Kittiwake Rissa tridactyla (LINNAEUS, 1758)

Kittiwakes occurred everyday throughout the study period. Their numbers
were subject to great fluctuations, ranging from several to 2000 specimens.
Fig. 26 gives the numbers of Kittiwakes in particular observations. The largest
numbers were observed in October, February and March in fisheries Nos. 1,
4 and 5, and the smallest ones in August and September in fisheries Nos. 2 and
3 (Figs. 23 and 27A). These differences are significant at the 0-01 level (Table
XXXIIT).

500
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Fig. 26. Numbers of Kittiwakes in par ticular observations made in the fisheries of the North
Sea in the morning, at noon and in the afternoon in the periods: 12 February — 6 March 1964,
25 August—17 Septe mber 1968 and 6—17 October 1968

Out of the weather factors, the wind-speed 24 hours before and after obser-
vation (at 0-05 and 0-01 levels), the wind direction at the time of observation
(0-01), the state of sea 24 hours before and 12 and 24 hours after the obser-
vation (0-01, 0-05 and 0-02), and the cloud-cover and barometric pressure
12 hours before the observation (0-05 and 0-05) had an effect on the number
of Fulmars. The correlation between the number of birds and the place of obser-
vation plotted on the synoptic diagram is not significant (Table XXXIV)
but that of the number of birds with the movement of a high wags significant
at the 0-01 level and with the passage of an occlusion at the 0:05 level (Tables
XXV oand XXXV,
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Fig. 27E and F shows the quantitative share of observations with given
numbers of Kittiwakes at various wind-speeds 24 hours before and after the
observation. It will be seen from both these graphs that an increase in wind-

Table XXXIII

Analysis of significance levels of correlation between the number of Kitti-
wakes and the factors examined

—48 —24 —12 0 +12 +24 +48
Fishery 0-01
Month of observation | 0-01
Number of trawlers i 0-50
Size of catches 0-80
Time of day 0-30.
Time of day+* 0-30
Wind-speed 0-20 005 050 0-99 0-20 0-01 0-30
Wind direction 001
State of sea 070 0-01 0-10 0-80 005 0:02 0-30
Cloudiness 0-70 0-30 005 0-70 0-10 0-90 0-50
Visibility 0-99 0-80 0-90 0-50 0-80 0-30 030
Barometric pressure 0-99 099 005 0-70 0-50 0-10 0-70
Air temperature 0-20

Table XXXIV

Correlation between the number of Kittiwakes and the synoptic
situation pattern

0—50 | 51—100 | above 100

1 High 6 8
2 TFronts 20 7 6
3 Before depression 5 6 3
4 Depression 8 5 6
5 In advance of occlusion 8 7 8
6 Passage of ocelusion and

behind it 26 2 4

=079

speed was followed or preceded by a rise in the number of birds. In both cases
a slight rise in the number of birds occurred also when the wind-speed decrea-
sed to 1 degree on the Beaufort scale or lower. Similarly, a rise occurred when
‘the west winds were blowing, whereas a fall coincided with the east winds
(Fig. 28).

Acta Zoologica Cracoviensia nr 13 4
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Fig. 27B, C and D shows a relationship between the number of Kittiwakes
and the state of the sea 24 hours before and 12 and 24 hours after the obser-
vation. In all the cases the rise in the number of birds was correlated with an
increase in waving. It also occurred 12 hours after an increase in cloudiness
(Fig. 27G) and 12 hours after a drop in barometric pressure (Fig. 27H).

A B (@
10 10 1,0
— 7 T |
05 [— 05 ! 05
Vi XX 11/ 1213 24 1213 5h
D E =
10 10 10
05 05 0,5
1 213 )4 1=2803 ey 5 1-2 3t & 5
G H
10 10
05 05
(R i)

Fig. 27. Changes in the number of Kittiwakes according to A — month of observations, B,
C, D — state of sea (N = —24, +12, +24), E, F — wind-speed (—24, +24), G — cloudiness
(N = —12), H — barometric pressure (N = —12). The blocks represent the quantitative
share of observations with 0—50 birdsin Graph A, 0—100 in Graphs B—G and 0—60 in Graph H.
Desgignations of barometric pressure in Graph H: 1. Below 1010 millibars, 2. 1011—1020
millibars, 3. above 1020 millibars 3

e Fig. 28. Changes in the number of Kittiwakes according to
I y the wind-direction (N = 0). I. 0—50, II. 51—100, III. over

s 100 birds in an observation
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Tables XXXV and XXXVI illustrate the number of birds as related to
the situation of a high and the passage of an occlusion and show that an increase
in it took place at the edge of the high and behind the occlusion.

The presence of Kittiwakes was not correlated with the number of trawlers
and the size of catches in the fishery. Apart from the changes in the number
of birds dependent on season on the and situation of the fishery, the Kittiwakes

Table XXXV

Correlation between the number of Kittiwakes and the movement
of the high in relation to the place of observation

|
l 0—50 | 51—100 | above 100 Mean
1 High 14 7 41-0
2 High-pressure ridge 10 4 Tt s 49-2
3 Edge of high . 2 5 2 . 215
Bi=—80°1
p<< 0:05

Table XXXVI

Correlation between the number of Kittiwakes and the movement of the
occlusion in relation to the place of observation

r
0—50 '51-1001 bove 100 | Mean

1 Passage of occlusion and ;

ahead it ‘ 29 12

1
!
|
|
(
7 77-3
' 2 Behind occlusion 1 8 2 3

2534

F = 441
p< 0:05

grew in number 24 and 12 hours after a deterioration of weather consisting in an
increase in wind-speed, sea waves and cloudiness and a fall in barometric pres-
sure. A complex weather analysis shows that this situation occurred at the edge
of a high and after the passage of an occlusion. The number of birds rose both
12 and 24 hours before an increase in wind-speed and sea waving. It was
increased at the time of west winds.

4. Great Black-backed Gull Larus marinus LINNAEUS, 1758

Great Black-backed Gulls were observed everyday. The maximum numbers

of birds reached 2000 specimens on 16 October 1968, 1500 on 17 October 1963,
900 on 22 February 1964 and 400 on 5 March 1964. Fig. 29 presents the numbers
of these birds in particular observations. Table XXXVII is an analysis of
4%
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Fig. 29. Numbers of Greater Black-backed Gulls Larus marinus in particular observations
made in the fisheries in the North Sea in the morning, at noon and in the afternoon in the
periods 12 February — 6 March 1964, 25 August—16 September 1968 and 6—17 October 1968

relationships between the number of gulls and the environmental factors exa-
mined. It shows that the number of gulls is significantly correlated only with
such .weather factors as cloudiness 12 hours after the observation and baro-
metric pressure 12 hours before the observation. The relationship of the number
of birds with the synoptic pattern and the movement of weather systems except
for the movement of a high-pressure system is insignificant (Tables XXX VIII
and XXXIX).

The share of observations with given numbers of gulls as related to cloudiness
ig given in Fig. 30 A, which shows that a rise in the number of birds preceded
an increase in cloudiness. This share in relation to the barometric pressure 12
hours before the observation is presented in Fig. 30B. The number of birds
rose 12 hours after a drop in barometric pressure. When a high was active,
the number of gulls increased at the edge of the system and decreased in its
middle and in a high-pressure ridge.
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Table XXXVII

Analysis of significance levels of correlation between the number of Great
Black-backed Gulls and the factors examined

—48 —24 —12 0 412 +24 148
Fishery 0-98
\ Month of observation 0-70
Number of trawlers 0-30
Size of catches 0-20
Time of day | 0-70
Time of day+ 0-10
Wind-speed 0-90 0-50 0-90 0-30 0-30 0-99 0-20
State of sea 0-70 0-70 0-70 0-70 0-50 0-99 0-20
Wind direction 0-20
Cloudiness 070 0-90 0-30 0-70 005 0-10 0-:70
Visibility 0-20 0-70 0-50 0-80 0-90 099 0-99
Barometric pressure 0-30 0-50 002 099 0-99 099 0-99
Air temperature i 0-30

Table XXXVIII

Correlation between the number of Great Black-backed Gulls
and the synoptic situation pattern

0—50 | 51—100 | above 100

1 High 10 1 3
2 Fronts 23 6 3
3 Before depression 9 3 2
4 Depression 11 1 6
5 In advance of occlusion 12 3 7
6 Passage of occlusion

and behind it 22 5 6

B 172

Table XXXIX

Correlation between the number of Great Black-backed Gulls and the
movements of the high in relation to the place of observation

| 0—50 [ 51—100 | above 100 Mean
1 Centre of high bl e 117
2 High-pressure ridge 8 ‘ 2 4 124
3 Edge of high 1o 9 ‘ 2 362
I = 4-02

p< 005
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The foregoing data indicate lack of correlation between the number of
Great Black-backed Gulls and the fishery, season, number of trawlers and size
of catches. The changes in the abundance of this species are associated only
with the changes in weather

10 . 10

05 05

|
e TS

Fig. 30. Changes in the number of Greater Black-backed Gulls according to A — cloudiness

(N = +12), B — barometric pressure (N = —12). The blocks represent the auantitative

share of observations with 0—40 birds in Graph A and 0—10 in Graph B. Barometric pressure
in Graph B: 1. below 1010 millibars, 2. 1011-—1020 millibars, 3. over 1021 millibars

5. Larus sp. juv.

Young gulls of different species were recorded as a separate group, because
it was difficult to identify them under field conditions, and their number was
analysed against some environmental factors. Table XL shows that the largest
numbers of birds belonging to this group were observed in October (Fig. 31A).

1,0 2! 10 2

05 05

Vil IX X 1 212 4

Fig. 31. Changes in the number of young gulls Larus sp. according to A — month of observa-

tions, B — number of Great Black-backed Gulls. The blocks represent the quantitative share

of observations with 0—40 birds. Numbers of Great Black-backed Gulls in Graph B: 1. 1—10,
2. 11—40, 3. 41—100, 4. over 100 :

Table XL

Levels of significance of correlations between the number of
young gulls Larus sp. and the factors examined

|
| 0
Total of Greater Black-backed Gulls 0:01
Fishery 0-70
Month of observation 005
Number of trawlers 0:70
Size of catches 0-99
Time of day 0-99
Time of day+ 0-99
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The other factors exerted no influence on the number of these birds. The corre-
lation between the rise in the number of Great Black-backed Gulls and that
of juveniles is significant at the 0-01 level (Table XL, Fig. 31B) and indicates
that the latter birds belonged chiefly to this species. For this reason I gave
up calculating the relations between the changes in the number of birds of this
group and the changes in weather.

6. Gannet Sula bassana (LINNAEUS, 1758)

Gannets appeared in the Study area everyday. Their number reached 1000
specimens on 16 October, 500 on 17 October and 130 on 6 October 1968. The
numbers of Gannets in particular observations are given in Fig. 32. Levels

70
60
50 |
40

Q‘Z:JMMM%WMI1 th min,_

&=

OOV 20 P 28 1298 S@LST XD 5 O il 8 9, (Ol DR s T

W]
™

2o

2
SO e
201

300
1000

9
500

12043 14 15 16 19 2021 22 282911l 2 5 4 5 6

Fig. 32. Numbers of Gannets Sula bassana in particular observations made in the fisheries
in the North Sea in the morning, at noon, and in the evening in the periods 12: February—6 March
1964, 25 August—16 September 1968 and 6—17 October 1968

of significance of the relationships between the number of these birds and the
environmental factors examined are presented in Table XTLI. The correlation
between the number of Gannets and the month of observation, shown in Fig. 33 A,
iy significant at the 0-05 level. The birds were most numerous in October and
least numerous in February and March.



Out of the weather factors, the wind-speed 24 hours before the observation,
wind direction at the time of observation, state of the sea 12 hours and visi-
bility 24 hours before the observation had an effect on the number of birds,
significant at the 0-05, 0-01, 0-01 and 0-02 levels, respectively.

The relationships of the number of Gannets with the place of observation
against the synoptic pattern (Table XLII) and with the general type of weather
prevailing in the fishery (Table XLIII) are also significant.

05 f‘r ‘ L o5 /‘—\ ‘
!
VB X W) 120504 56
w E
1 € 10 D il
I
@15 0.5
S
T2rsig B 68

T'ig. 33. Changes in the number of Gannets according to A — month of observations, B — wind-

speed (N = —24), C — state of sea (N = —12), D — visibility (N = —24), E = wind direc-

tion (N = 0). The blocks represent the quantitative share of observations with 0—10 birds

in Graph A, 0—40 in Graph B and 0—20 in Graphs C and D. Designations in Graph e I
0—10 birds, II. 11—40 birds, 1II. over 40 birds

Fig. 33B shows the share of observations with given numbers of Gannets
in relation to the wind-speed 24 hours before the observation. As will be seen
from this figure, a rise in the number of birds follows the increase in wind-
speed; it occurs also 12 hours after an increase in sea waving and 24 hours
after an improvement in visibility (Fig. 33C and D), and at the time of west
winds (Fig. 33E).

The distribution of the numbers of birds plotted on the synoptic diagram
(Fig. 34, -Table XLII) indicates that an increase in their number took place
at the time of the passage of an occlusion and behind it, in the vicinity of other
fronts and in advance of a low. A fall in the number of birds occurred ahead
of an occlusion. Generally speaking, the Gannets grew in number when the low-
pressure systems were active and decreased during a high and col (Table XLIII).

The results presented above show that the number of Gannets on the sea
rose after a deterioration of weather inclusive of an increase in wind-speed
and higher sea waves or during the phenomena that accompany the passage
of a depression.
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Table XLI

Analysis of significance levels of correlations between the number of Gan-

nets and the factors examined

|
|
|

| —48 —24 —12

0 412 +24 448

| Fishery 0-10

® Month of observation 0-05
Number of trawlers 0-20
Size of catches 0-50
Time of day 0-80
Time of day+ 0-10
Wind-speed 090 0-05 0-30 0-10 070 0:99 0:50
Wind direction | 001
State of sea 0-99 0-20 001 050 0-70 0:99 0-50
Cloudiness 070 0-30 0-50 0-70 0-70 0-70 0-99
Visibility 0-30 002 0-20 090 0:30 099 0-80
Barometric pressure 0-50 0-90 0-20 0-95 0-99 0-99 0-99
Air temperature 0-70

Table XILII

Correlation between the number of Gannets and the synoptic situation pattern

0—10 11—20 | 21—40 | above 40 Mean
|
1 High 9 3 2 11
2 Fronts il 8 2 6 3ol
3 Before depression 8 2 4 2 120
4 Depression  / 11 3 3 2 13
5 In advance of occlusion 14 6 3 12
6 Passage of occlusion
and behind it 12 10 8 20 19
|

F = 305
p < 005

Table XLIIT

Correlation between the number of Gannets and the movement of barometric systems

0—10 | 1120 | 2140 | above 40 | Mean E
1 Depression 19 10 l 13 9 S
! 2 High and high-pressure ridge 27 21 | 7 1 15

F— 418
p< 0-05
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7. Relations between the numbers of birds of particular species

Levels of significance for the quantitative correlations between different
bird species in the North Sea are offered in Table XLIV, which shows that
there were no such correlations.

Table XLIV

Levels of significance of correlations between
the numbers of particular species examined
in the fisheries in the North Sea

Fulmarus glacialis — Larus marinus : 0-50
Irulmarus glacialis — Rissa tridactyla : 0-80

Fulmarus glacialis — Sula bassana  : 0-50
Rissa tridactyla  — Larus marinus : 0-70
Rissa tridactyla  — Sula bassana  : 0:70
Larus marinus — Sula bassana  : 0-70

V. FISHERIES OFF THE COASTS OF NORTH-WESTERN AFRICA

1. Introductory

The cruise to the fisheries situated in the shelf region off the north-western
coast of Africa was made in the trawler m. s. ,Tasergal® from 2 December
1964 to 12 April 1965. The stay in the fisheries lasted 67 days. The numbers
of days and dates of the stay in particular fisheries are given in Table XLV.
Figs. 1 and 35 show the itinerary of the cruise and the situation of the fishe-
ries.

Fishing was started before the sunrise and ended late in the evening.
All the fish unfit for consumption and scraps were removed to the sea. As there
are no data concerning the size of catches in these fisheries, the quantities
of fish caught and scraps removed were not taken into account in the further
analysis of the material. Neither was the sort of manoeuvres performed by the
trawler included in it.

The amplitude of the fluctuations of weather was small and marked out
by the wind-speed from 1 to 7 degrees on the Beaufort scale, the state of sea
from 0 to 5—6 degrees, the air temperature from -+14 to +30°C and the ba-
rometric pressure from 1008 to 1030 millibars. The analysis of observations
covered the species which occurred in the largest numbers in the vicinity of
the trawler: Lesser Black-backed Gulls Larus fuscus L. and Brown Boobies
Sula leucogaster (Bodd.). Mean numbers of birds from the observations on a gi-
ven day and mean values of the weather elements examined were used in com-
parisons. i
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Fig. 35. Distribution of fisheries in the north-western African waters. The graphs represen

the quantitative share of observations with different numbers of birds of the two species ob-

served: A. Larus fuscus: I. 0—100, II. 101-—300, III. over 300, B. Sula leucogaster: I. 0—10,
II. 11—20, III. over 20

2. Lesser Black-backed Gull Larus fuscus LINNAEUS, 1758

The numbers of Lesser Black-backed Gulls ranged from hardly a few to
about 1000 specimens on 22 December, 26 December and 23 January. In Fig. 36
they are presented for particular days of investigation. They were dependent
on the place of fishing (Table XLVI). Fig. 35 shows the distribution of obser-
vations with three quantitative groups of birds in different fisheries (significant
correlation at 0-01 level). It will be seen from this figure that the observations
including larger numbers of birds were most frequently made in fisheries Nog. 2
and 3, situated between the parallels of latitude 17 and 20 °N. The numbers
of birds observed in December were significantly larger (at 0-01 level) than those
recorded in the other months (Fig. 37 A). The numbers of gulls were significantly
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Table XLV

Numbers of days of observation in fisheries in the North-West
Africa region

Fishery No. Dates of observations | Numbers of days

v

1 2—6 March

Total days

2 17—18 December

21—22 January

27 February—1 March

8—12 March

23 March

Total days

3 15—16 December

19—20 December

22—28 December

19—20 January

23 January — 3 Feb-
ruary

24—26 February

13—16 March

19—22 March

24—27 March

Total days

4 18 January

17, 18, 28, and 29 March

Total days

Others 4 Tebruary, 7, 30, and |

31 March '

Total days

Total for all fis-
heries 67

[VURE O GRS S §

o
B T O o W = Ot

o~ —
™= S BB R W b

(23

S

correlated with the following environmental elements: the wind-speed 24 hours
after the observation (0-05), the daily maximum wind-speed in all the cases
examined, and the state of sea 24 hours before and at the time of the obser-
vation (0-02 and 0-05, respectively).

The relationship between the number of birds and the wind-speed 24 hours
after the observation is illustrated in Fig. 37 B, which shows that a rise in the
number of Lesser Black-backed Gulls in a fishery precedes an increase in wind-
speed. Fig. 37D — H presents a relationship between the number of gulls and
the daily maximum wind-speed. An increase in wind-speed appears to have
been accompanied by a rise in the number of birds observed. The degree of
sea waving is associated with the wind-speed. Its effect on the number of birds
is given in Figs 370 and I. This figure shows that the number of birds rose
24 hours after and simultaneously with an increase in sea waving.
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Table XLVI

Analysis of significance levels of correlations between the
number of Lesser Black-backed Gulls and the factors examined

’ ” —48 —24 - 0 424 48
Fishery 0-01
Month of observation ' 0-01
Wind-speed 0:50 0-10 0-20 005 050
Maximum wind-speed 005 001 002 001 005
/ State of sea 0:20 0-10 005 002 050
Cloudiness 0-30 0-50 0-99 0-70 0-30
Visibility 0-99 099 0-99 0-99 0-99
Minimum visibility 095 0-20 0-99 0-70 0-80
Barometric pressure 0-20 0-99 0-20 0-50 0-20
Air temperature 0-70 0-80 0-99 0:99 0-99
Water temperature 0-99

Table XLVII

Correlation between the number of Lesser Black-backed Gulls and the movement of barometric
systems

0—30 31,—100( 101—200 ’above 200| Mean

1 High 2 5 7 l "4 } 173
2 Low 4 6 10 | 5 125
F — 636
p< 0-05

Table XLVIII

Correlation between the number of Lesser Black-backed Gulls and the movements of the

cold front
' 0—30 | 31—100 | 101—210 | above 200 | Mean
1 Approach of front } 1 1 9 ‘ 118
2 Passage of front | 5 293
3 Behind front b 1 3 1 B o
F=1725
p< 0-01

An analysis of the influence of the movement of barometric systems on the
number of gulls, offered in Table XLVII, reveals that a rise in this number
coincides with the occurrence of a high in the study area and a fall with a low.
In addition, the number of gulls rises during the passage of a cold front and
decreases ahead of and behind it (Table XLVIII).



644

The foregoing data indicate that Lesser Black-backed Gulls give preference
to sea areas with fairly strong winds and, in consequence, increased sea waving.
This' may be caused by the fact that winds facilitate their flight in search of
food. In the region investigated the wind-speed seldom exceeded 5 degrees on
the Beaufort scale.

1.0 A 10 = 10 ¢
35 05 05
Xuo1on 2 3 |54 o123 %4
O NOraa s 0
0.5 051 05
2 34 DRI 2 3 he
or - o= o
05 05 05
PRI 2 34 (.3—1 2123

Fig. 37. Changes in the number of Lesser Black-backed Gulils according to A — month of
observations, B — wind speed (N = +24), C and T — state of sea (N= 424), D—H — daily
maximum wind-speed (N = 448, +24, 0, —24, —48). The blocks reépresent the quantitative
share of observations with 0-—200 birds in Graph A and 0—150 in the remaining graphs

Table XLIX

Analysis of significance levels of correlations between the
number of Brown Boobies and the factors examined

|

—48 —24 0 424 148
!

Fishery 0-80
Month of observation 0.01
Wind-speed 0-80 095 0-99 0-20 0-99
Maximum wind-speed 0-80 0-80 0-99 0-95 0-50
State of sea 0-50 020 0-20 0-30 0-50
Cloudiness 0-99 0-98 0-99 0-99 0-90
Visibility v 0-99 070 0-99 0-99 0-99
Barometric pressure 0-70 0-99 0-30 0-80 0-90
Air temperature 0-70 0-50 0-70 0-90 0-50
Water temperature 099




645

G961 UOIBIN [€ 01 $961 19qUIII([ G WOIJ UOOUIdIJL O[ Ul PUB WOOU I ‘SUIIONI 9y} Ul BOLY
UI9)80M-[[}I0TU JO SBOD OU) JJO SOLIDYSIF O(} UL 9PBW SUOIIBAIISQO IB[Mo1Ied Ul «2)sphoons] mIng SOIOO0E UMOIF JO SWQUINN ‘8¢ "SI

Ie S 166, 80, /o . 9% S0 6. S0 @ G .06 6l 8

(R o G 07 G 7z ,
: ey W o e e W 9 S «wir‘.mL.INfTiLt@\x,‘.lmmu.rwl.N CNLLN\L G s el

96  GCo bxm CC Gl VRO 6] _0_ 86 G ROGEGC . Y. G GGG 5 .@C § Bl il ZlE QLR AING]

By e = e

Acta Zoologica Cracoviensia nr 13



646

3. Brown Booby Sula leucogaster (BODDAERT, 1783)

Brown Boobies appeared in the study area irregularly, being most numerous
in December. Their numbers in particular observations are presented in Fig. 38.
The difference between the increased number of birds in December and their
numbers in the other months is significant at the 0-01 level (Fig. 39). No environ-
mental elements examined had a statistically significant effect on the number
of Brown Boobies (Table XLIX).

1.0
05
Fig. 39. Changes in the number of Brown Boobies according to month of
observation. The blocks represent the quantitative share of observations with
A 0—10 birds

The results obtained show that Brown Boobies visit fisheries irrespective
of the weather prevailing in them. This is possible owing to a relatively low ampli-
tude of the fluctuations of particular weather factors in the latitudes and season
in which my investigation was carried out.

VI. DISCUSSION

On the basis of the material presented in this paper the factors that cause
changes in the number of birds on the sea may be divided into three classes:
1. geographical and climatic, 2. meteorological, and 3. anthropogenic. Not all
of them have the same effect on the number of birds and not all of them act
on each of the species under observation. :

The fluctuations in the number of birds brought about by geographical
and climatic factors were fairly often reported in literature (WYNNE-EDWARDS,
1935; RANKIN and DUFFEY, 1948, FISHER, 1952; FISHER and LOCKLEY, 1954;
BierLoroLski, 1957 and others). They were particularly distinet in species
visiting also the coastal area. Besides their being related to changes in tempera-
ture, in all the species such fluctuations are associated with physiological chan-
ges connected with reproduction. As regards the material gathered in this study,
the relationships of this class were rather subtle in character, because they were
expressed by changes in the number of birds in areas situated relatively near
each other. The situation of the fishery examined within one of the three main
fishing regions exercised an influence upon the number of Fulmars, Kittiwakes,
Glaucous Gulls and Lesser Black-backed Gulls but not on that of Ivory Gulls,
Great Black-backed Gulls, Gannets and Brown Boobies; these last species
appeared equally frequently all over the fishing region.

Seasonal environmental conditions, and so the month in which the study
was carried out, influenced the occurrence of Fulmars, Kittiwakes, Lesser
Black-backed Gulls, Gannets and Brown Boobies, but not the number of Ivory
Gulls, Great Black-backed Gulls and Glaucous Gulls.
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Out of the species examined, only two, Great Black-backed Gulls and Ivory
Gulls, occurred in the sea regions irrespective of the time (month) of obser-
vation and the place of fishing. This may be due to the fact that these species
inhabit sea edges: Ivory Gulls live at the border of the ice-field enclosing the
Arctic Sea in the north and Greater Black-backed Gulls in the littoral zone
of the sea and often also on the shore, feeding in harbours (DEMENTYEV, GLAD-
KoV and SPANGENBERG, 1954; BrENT, 1963).

The most dynamic changes in the number of birds were associated with
the meteorological phenomena. I shall discuss the meteorological factors and
the influence of the weather complexes on the number of birds separately.

The only species whose quantitative changes were not associated with weather
changes was Brown Booby observed in the fisheries of north-western Africa.
This fact may be explained by the small amplitude of the changes in weather
in the subtropical zone and perhaps by the small numbers of these birds found
in January, February and March.

Out of the 42 cases of correlation found between the number of birds and
meteorological factors, only in 5 cases it concerned the factor active at the time
of observation. In 19 cases a change in the number of birds followed and in
18 cases preceded the action of a meteorological factor. These facts suggest
the existence of a mechanism enabling the birds to get information as to the
changes in the intensity of some weather elements which are to occur in 12, 24
and even 48 hours. This mechanism is certainly of great importance to the
adaptation of these birds to the sea environment.

Changes in wind-speed and sea waving may be counted among the metecro-
logical factors that influence the occurrence of birds on the sea in an essential
manner. Strong winds demand a great use of energy for motion in the air and
they may make effective food aecquisition difficult or even imposible. Flight
in a windless period also demands greater expenditure of energy. Poor winds
in the tropical zone of the globe are according to FISHER and LockLEY (1954)
and WING (1956) one of the reasons why Albatrosses do not visit the northern
hemisphere. Owing to their specific manner of acquisition of food by continuous
examination of the sea surface from the air, the brids of all the species described
in this paper make use of wind also or air currents resulting from the action
of wind on the waving sea or the sides of a ship (GROEBBELS, 1956). Strong
winds hinder and protract the flight of birds, which has repeatedly been found
in so far as land species are concerned. While migrating, passerines also make
use of the systems of winds prevailing along the route of their flight (WILLIAM-
SO, 1958, 19614, b, ¢, 1962a; CORNWALLIS, 1959). A sudden change in the wind
direction during their migration over a sea causes their being drifted from the
chosen route often to regions remote from the shore (WirLrLramson, 1955; LACK,
1959; BrADLE, MowBRAY and EATton, 1931; SCHOLANDER, 1955; JORDANS
and NIETHAMMER, 1957). The sea birds respond to the disadvantageous action
of too strong winds by staying in areas where the wind-speed is on the decrease
or is going to decrease, as in the case of Fulmars and Kittiwake in the region

5*
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of Labrador and Newfoundland. The necessity of finding suitable areas is also
connected with the lack of shelter in the open sea. Birds which inhabit land
environments or the shore are able to avoid the effects of strong winds, e. g.
by taking shelter in ground depressions (TINBERGEN, 1953; ZALETAYEV, 1952).
It should be mentioned that in some cases the systems of regularly blowing
winds may be used by birds during their migrations and when they wander
about the oceans (DorsT, 1956).

The wind direction may be of local importance, since it makes birds move
from one place to another, e. g. from the northern to the southern shore of Hel
Peninsula (BIEX and DoBROWOLSKI, 1961), or gather together, e. g., an increase
in the number of Kittiwakes, Fulmars and Gannets at the coasts of Great
Britain during westerly winds (WILLIAMSON, 1962Db). The gathering of Kitti-
wakes and Gannets in the fisheries off the coast of Great Britain at the time of
westerly winds, observed in the present study, supports this statement.

Changes in the state of sea are, as a rule, caused by the action of wind on
the superficial layers of water. It is difficult to interpret the relationships be-
tween the number of birds and the degree of sea waving, because the conse-
quences of the action of heavy winds on the sea birds are not known exactly.
The results obtained indicate that this influence is advantageous, for an increase
in sea waving often resulted in a rise in the number of birds, e. g., Fulmars,
Kittiwakes, Gannets and Lesser Black-backed Gulls.

Changes in visibility and cloudiness will be discussed jointly, as they both
condition the navigation of birds on the sea. Poor visibility, caused by fog,
rainfall or interception of light, makes the observation of the field of vision
and, consequently, the so-called topographical orientation difficult (GRrIFFIN,
1944; WoJitusiAk and FERENS, 1947a, b; SARGENT, 1962, and others). A de-
terioration of visibility probably brought about the migrations of Ivory Gulls
to the sea (in the fisheries in the Labrador region). An improvement in visi-
bility was also followed by a rise in the numbers of Fulmars and Gannets.

Good visibility may facilitate the birds, among other things, to get informa-
tion as to the occurrence of food at the surface of the sea in fisheries. As has
been demonstrated (MANIKOWSKI, 1966), the sight of birds feeding near a ship
is a signal that informs the gulls about the presence of fish scraps at the surface
of the sea. '

Heavy cloudiness makes the spatial orientation of birds difficult or impos-
sible (KRAMER, 1951; MATHEWS, 1951, 1955). The ceasing of migration on cloudy
days was also observed in land species ScHUTZ, 1952; JENKINS, 1953; WILLIAM-
SON, 1958, 19624, b; LACK, 1962; LAck and LACK, 1966; DAvIis, 1966; PARS-
Low, 1969). It is noteworthy, that some bird species, e. g., waders, are able
to choose the right direction of migration even when the sky is heavily overcast
(EVANS, 1968). Studies carried out by NisBeT and DRURY (1967) also show that
the cloud-cover does not interfere with the migration of birds.

The investigation presented in this paper shows that the decrease in cloudi-
ness followed a rise in the numbers of Fulmars and Glaucous Gulls in the fisheries



649

off the coast of Labrador. Out of the other species, Kittiwakes and Great Black-
backed Gulls appeared in larger numbers before an increase in cloudiness in
the North Sea, and the remaining species occurred on the sea independently
of the degree of cloudiness.

Barometric pressure is the meteorological factor that may be treated as
the prognostic of other weather elements. A drop in pressure indicates the ap-
proach of a depression, which usually brings stronger winds, cloudiness and
rainfall, whereas a rise in air pressure presages an improvement in weather.
However, changes in pressure are not used by birds as indications of meteoro-
logical changes. This is evidenced by the lack of correlation between the number
of birds and the changes in barometric pressure. Other authors, especially those
conducting field studies, also hold the opinion that barometric pressure, trea-
ted independently of other weather factoré, has no effect on the intensity of
bird migrations (ScriTz, 1952; JENKINS, 1953; RAYNOR, 1956; HASSLER et al.,
1963). Nevertheless, some Workers observed a correla‘mon between the behawour
of animals and the changes in barometric pressure (ALLE et al., 1958; AHLQVIST
and PALMGREN, 1935). BAGG et al (1950) also suggest the existence of a relation-
ship between the migration of birds and the changes in pressure.

Air temperature and that of the superficial layer of sea are important fac-
tors responsible for the distribution of birds on the sea. In his study carried
out in the north-western Pacific KUroDA (1960) found that within an area
examined some species may show a peculiar thermal preference. A dependence
of the distribution of birds on the temperature of the superficial layer of sea
was also ascertained by BAILEY (1966). The Gulf Stream is of great importance
to the distribution of birds in the North Atlantic (RANKIN and DUFFEY, 1948).
The influence of the temperature of the supperficial layer of sea on the distri-
bution of birds in the Labrador region was also stated by REEs (1965). In the
present study I succeeded in observing a relationship between the rise in the
number of Fulmars and a drop in the temperature of the superficial layer of
sea in the Labrador region of the Atlantic. According to FISHER (1952) and
BRYAN (1968), there is a slight correlation between the distribution of Fulmars
and the temperature of sea.

The results of my investigation indicate also an 1nﬂuence of air temperature
on the occurrence of Kittiwakes in this region of the Atlantic. It is an intere-
sting fact that, according to the classification proposed by WyNNe-EDWARDS
(1935), Fulmars and Kittiwakes belong to the species of pelagic distribution.

Analyses of the effect of weather as a complex of factors made it possible
to establish correlations in some cases such as allow the arrangement of the
responses of birds to single weather factors. In general, a rise in the number
of birds occurred during a high or col (in 5 cases examined). Exceptions were
Gannets, which gathered together at the time of the passage of a depression
over the fishery and Ivory Gulls, Great Black-backed Gulls and Kittiwakes
in the North Sea, whose appearance did not show any correlation with the
barometric system.
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The passage of a depression was accompanied by a rise in the number of
Gannets and a fall in the number of Fulmars, Glaucous Gulls and Lesser Black-
backed Gulls. The changes in the number of the remaining four species were
not correlated with the occurrence of a depression.

A rise in the number of Glaucous Gulls and Lesser Black-backed Gulls was
associated with the passage of a cold front, that in the number of Gannets
with the passage of an occlusion, and a fall in the number of Glaucous Gulls
with the passage of a warm front. The passage of fronts, irrespective of their
character, caused a rise in the number of Gannets, a fall in the number of Ful-
mars and Kittiwakes in the Atlantic and that in the number of Ivory Gulls.
The changes in the number of Brown Boobies were not correlated with the
changes in weather.

Generally speaking, in most cases a rise in the number of birds was observed
during anticyclonic weather, a fall during lows. The action of fronts may
induce both a rise and a fall in the number of birds. The results of investigations
conducted by VERNON (1969) and NisBeET and DRURY (1969) on migrating
land birds indicate that the changes in weather accompanying the passage of
fronts may reduce the rate of migration.

A logical consequence of the changes in the number of birds in one place
is their migration, whose rate and amplitude of the number should agree with
the rate and amplitude of the intensity of the factors with which the changes
- in the number of birds are correlated. In the case under study I am concerned

with two, zoogeographical and meteorological, types of the causes of changes
in the number of birds. The zoogeographical factors, in the form of phenologi-
cal changes the duration of which is of the order of months, do not raise any
objections and are known from some earlier studies on this subject. The weather
factors were responsible for the migrations of birds to the areas with the opti-
mum meteorological conditions, the rate of weather changes being fast and the
changes themselves occurring in the course of successive days or hours. So far
weather-induced migrations have been found in the Swift Apus apus (L.). The
approach of a depression promotes these birds to migrate in the opposite di-
rection to that of the wind. Thus the birds shorten their stay in the zone of
‘rainfall accompanying the approaching depression (Koskinies, 1950). The
distances covered by Swifts in their weather migrations reach above 500
miles as the crow flies, though the actual route is far longer. On migration
the Swifts may orient themselves by avoiding places with small numbers of
insects on which they feed, zones of rainfall, and other weather conditions such
as heavy cloud-cover, low cloud ceiling ete. (LACK, 1955, 1956). Similar migra-
tions were observed in Black Swifts Nephoecetes niger (GM.) in British Columbia
(UDVARDY, 1954). s

On the basis of the studies on sea birds carried out so far it is generally sup-

posed that birds avoid the type of weather designated as ,stormy“. In areas
overrun with tropical cyclones, the birds that have not managed to escape
from the place in which a cyclone is formed or over which it is passing are dri-
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ven to the centre or ,eye“ of the storm and carried away for long distances,
often far inland (MurpHY, 1936; IoUuAIN, 1953; TuUck, 1968). Strong gales
also cause drifts of sea birds to the land, often resulting in the death of the birds
(PasuBY and CupwoRrtrH, 1969). A gale was preceded by a rise in the number
of birds, accompanied by a fall, and followed by a rise again. This is the case
with different species of birds (RourH, 1949; BLGMORK, 1961). During rather .
strong winds all species of birds show a tendency to fly against the wind, which

would prevent them from being drifted away from the occupied area and,

in the case of an approaching depression, to the regions with still stronger

winds (MurpHY, 1936; THOM, 1956; BROWNE, 1958).

The present study shows that the migrations of sea birds are a mass pheno-
menon characteristic of all the species observed in all the areas examined, where
the amplitude of fluctuations of particular weather factors reaches its extreme
values. In the fisheries situated in the subtropical zone no weather migrations
were observed in Brown Boobies, whereas Lesser Black-backed Gulls flew to
the areas with stronger winds and sea waving, which confirms the supposition
quoted above after Fisuer and LockLEY (1954) and WING (1956) that there
exists a barrier, formed by the equatorial belt of calms, for birds characterized
by soaring flight. :

In so far as the type of reactions to weather changes is concerned, Gannets
hold a separate position because of their atypical migrations towards the areas
occupied by depressions with strong winds. It may be supposed that this beha-
viour is connected with their ways of acquisition of food. Feeding in the vici-
nity of a fishing trawler enables these birds to collect sufficient amounts of
food in a relatively short time. Having ceased feeding, the Gannets flew off
towards the land in the evening. Hence, it may be supposed that in a spell
of fairly favourable weather conditions the birds of this species feed in places
less remote from the colonies in which they spend the night and that this type
of weather is propitious to their finding food. These birds have the possibility
of choice of a suitable area, because they are able to cover as many as 400 miles
in their flights to feeding grounds (NELSON, 1966). '

Some common characters may be distinguished in Great Black-backed
Gulls and Ivory Gulls in respect of their responses to weather. They consist
in the fact that there is no correlation between the number of these birds and
the changes in wind-speed and sea waving as well as the zoogeographical fac-
tors. The appearance of Ivory Gulls, which live on the shores of Arctic islands
(BIRKENMAJER, 1969), is invasive in character and it is probably their escape
from approaching poor visibility and rainfall. No similar relationship could
be demonstrated clearly enough for Greater Black-backed Gulls, but it may be
similar in character in connection with the occurrence of correlation between
the number of birds and the cloudiness 12 hours after counting them.
Hence, it may well be that their stay on the sea is an escape from the
. unfavourable weather conditions prevailing in the area occupied by them
previously.



The appearance of Glaucous Gulls on the sea preceded mild winds accompa-
nied by anticyclonic weather. As the fisheries visited by these birds were situ-
ated close to the shore, it should be supposed in accordance with the opinions
of DEMENTYEV et al. (1954) and BENT (1963) that they most readily spend
the winter time along the sea-shore. Their migrations to the sea preceded a day
with high-pressure weather by one or two days.

Fulmars and Kittiwakes are species characterized by their pelagic distri-
bution in the Atlantic Ocean, which means that during their stay on the sea
they keep far from the shores, visiting the land only in the breeding season.
Hence the clear relationship of the number of these birds with the situation
of the fishery and the month in which the observation was carried out. The
relationship between the occurrence of these species and the weather changes
was also evident. Both these species give their preference to areas with mode-
rate winds and avoid depressions and disturbances of weather connected with
the passage of fronts. During unfavourable weather the specimens that had failed
to fly away from the area occupied gather in the vicinity of ships and more
than usual avail themselves of the scraps removed from the deck. In these
birds, as in the remaining species, a change in weather induces not only responses
consisting in commencement of migration, but also a change in their ways
of living. Observations made in the North Sea showed that in this region the
responses of Fulmars to weather changes resembled those in the Atlantic Ocean.
Kittiwakes occurred in larger numbers in areas with increasing wind-speed.
The migrations of birds in connection with the shifting of barometric systems
are of great importance to them, because in the course of a few successive days
the numbers of birds reach an amplitude ranging from several dozen to seve-
ral thousand specimens. This phenomenon may be called weather migrations,
since the birds move to areas which are more favourable in respect of weather.

A factor that makes it possible for birds to choose the optimum conditions
on the sea actively is their orientation concerning the distribution and heading of
barometric systems. The existence of such orientation in some birds is suggested
by MEISCHNER (1963). The responses of birds in advance of weather changes
have often been reported in literature (SzULEJKIN, 1954; TARASOW, 1956;
SOKOLOWSKI, 1958; BRUDIN, 1961 and others). The oncoming of raing and —
in a sea region — storm weather may be signalled by changes in air humidity,
temperature, cloudiness ete. There may also be other factors inducing meteoro-
tropic responses in man and animals. The approach of depressions and storm
centres is accompanied by ultralong waves emitted by them (REITER, 1951;
KoN1G, 1958). WEVER (1967, 1968) pointed out an effect of this type of radia-
tion on the daily rhythm pattern of man. SZULEJKIN (1954) suggests that
the organisms associated with sea environment are able to perceive acoustic
waves of subaudible frequencies emitted by the strongly waving sea surface.
PALMGREN (1937) and WARDEN et al. (19356—40) claim that there is correlation
between the intensity of flights of passerines and the changes in the atmospheric
electric fields and the degree of air ionization. These factors have been taken
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into consideration, because the dependence of the intensity on the changes
in the meteorological conditions were not always unequivocal, which has also
been emphasized by some more recent authors, e. g., SCHOLANDER (1955) and
OwEN (1958). The effect of an electric field generated by the movement of air
masses on animals has not, as yet, been examined adequately (ScutTz, 1955;
SCHWERDIFEGER, 1963), though some experimental studies (ScmUA, 1952;
1954; HEINE, 1961; HEINE and KONiG, 1961; KHOLODOV, 1966) indicate the
sensitivity of various species of animals to changes in electrical charge.
Particularly violent changes in the physical and chemical conditions of environ-
ment (among other things changes in the degree of air ionization) are associa-
ted with the passage of fronts. The amplitude of these changes is termed the
front activity (Tromp, 1963). Tromp distinguished also five important elements
of a front responsible for biological changes:

1. the speed at which it travels,
the size of barometric pressure fall,
the size of temperature fall or rise,
the size of disturbance in the atmospheric electric field, and
. the amount and duration of rainfall.

The activity of fronts, which particularly strongly affect the human organism,
induces behavioural (»nd physiological changes concerning nearly all organs.
The influence of these disturbances on the organism of birds has not, as yet,
been explained thoroughly. The ascertainment of -the possibility of perception
by birds of disturbances in the electric or electromagnetic field induced by the
movements of fronts and low-pressure systems might explain the phenomenon
of weather orientation and anticipation of a definite type of weather in birds.

Analogically to the terms used in ecology, in the case of sea birds one can
speak of a weather habitat or environment as one of the main factors determi-
ning the distribution of birds within a geographical zone inhabited by a given
species.

The presence of vessels, chiefly trawlers, fishing in an area and the manner
in which this is done should be treated as a complex of anthropogenic factors.
These factors include such elements analysed in the present study as the number
of fishing vessels, the size of catches, the manoeuvres performed by vessels
while handling the nets, and the method of fishing. The presence of a vessel
had also a selective effect on the number of bird species open to observation.
In the Atlantic and North Sea the vessels are avoided by the species of the ge-
nus Puffinus and probably the Alcidae, whereas they attract the Laridae,
Stercorarvidae, Fulmars and Gannets (RANKIN and Durrey, 1948; FISHER,
1952; FisHER and LockLEY, 1954; BoSWALL, 1960; REms, 1963; ELGMORK,
1966). However, it should be emphasized that in none of the cases examined
it was possible to demonstrate a simple correlation between the number of birds
and that of vessels and the size of catches or the amount of seraps used by birds
as food. A rise in the number of Kittiwakes in the daytime until they reach
a maximum in the evening hours, observed in the region of Labrador and Now-

St W
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foundland, is probably associated with the presence of vessels. The cause of
this is the fact that having come across a vessel, when wandering about the
sea, the birds remain in her vicinity so long that, as a result, an increase in their
number is observed as the time goes on. No Kittiwakes were found in the neigh-
bourhood of the trawler (within the reach of searchlights) in the night. No such
accumulation of birds was found in Fulmars, because these remained near
the vessel also at night.

Translated into English Department of Zoopsychology and Ethology
by Jerzy ZAwWADZKI Jagellonian University,
Krakéw, Krupnicza 50
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STRESZCZENIE

W pracy przedstawiono wyniki badai nad zmianami zachowania sie oraz
zmianami ilogei ptakéw w zalezno$ei od zmian §rodowiska, gléwnie w postaci
zmian pogody. Obserwacje nad ptakami przeprowadzane byly z pokladow
polskich trawleréw rybackich polawiajacych na Morzu Pélnoenym, u wybrzezy
Nowej Fundlandii i Labradoru oraz u wybrzezy péinocno-zachodniej Afryki
(rye. 1). Obserwacji ornitologicznych dokonywano za pomoca lornetki 11 x 40,
co 1,6 godziny. Czas trwania jednej obserwacji wynosit 20 minut. Wyjatek sta-
nowily badania w czasie jednego rejsu na Morze Pélnocne i rejsu na lowiska
polozone w poblizu Afryki, kiedy obserwacji dokonywano trzy razy dziennie.
W czasie obserwacji notowano liczbe ptakéw, wiek oraz rodzaj wykonywanych
czynno$eci. Na ogélng liczbe ptakéw przebywajacych w poblizu statku skladaty
sie: maksymalna ilo$é ptakéw latajacych w poblizu statku, suma ptakow sie-
dzacyeh na powierzchni morza, suma ptakoéw latajacych w powietrzu, nie zwig-
zanych ze statkiem. Stada ptakow, liczace kilkaset lub kilka tysiecy osobnikdw,
oceniano szacunkowo. Wyniki calodziennych obserwacji pogrupowano w trzy
grupy: ranne do godz. 11, potudniowe od 11—15, wieczorne od 15 do zmierzchu
(czasu miejscowego). Brano pod uwage w dalszych opracowaniach obserwacje,
w ktérej notowano maksymalng liezbe ptakow w poszezegélnych trzech prze-
dziatach czasowych. IloSci ptakéw pordwnywano z nastepujacymi czynnikami
meteorologicznymi: szybkodcig i kierunkiem wiatru, stanem morza, zachmu-
rzeniem nieba, widzialno§eig, ciSnieniem barycznym, temperaturs powietrza,
temperaturg powierzchni morza. Zwigzek pomiedzy tymi czynnikami a liczbg
ptakow oceniano za pomocs testu chi-kwadrat. Ponadto badano wplyw wymie-
nionych czynnikéw pogodowych zaistniatych 12, 24 i 48 godzin przed obser-
wacjg oraz 12, 24, 48 godzin po dokonaniu obserwacji. W ten sposéb (zalecany
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przez SOLLBERGER (1965), TroMP (1963)) ustalono, w jakich przypadkach pojaw
lub zmiana zachowania sie ptakéw poprzedza zmiane pogody, oraz w jakich
przypadkach jest jej nastepstwem.

Dodatkowo dokonywano analizy map synoptycznych z badanych akwenéw,
dokonujac kompleksowe]j analizy pogody. W sklad tej oceny wchodzilo opisanie,
ktora cze§é ukladu barycznego zalegala nad lowiskiem (wyz, niz, siodlo),
opisanie zaleznosei pomiedzy ruchem frontéw a polozeniem miejsca obserwacji
(uwzgledniano rodzaj frontu i odleglo§é od lowiska). Sporzadzano schematy
mapy synoptycznej, na ktére nanoszono polozenie miejsca obserwacji z zacho-
waniem takich proporcji odleglofei w stosunku do wyzéw, nizéw i frontow,
jakie znajdowaly sie na oryginalnych mapach synoptycznych. Istotno$é zwig-
zku zmian liczby ptakéw w zaleznosci od panujgcej sytuacji baryecznej oce-
niano za pomocy analizy wariancyjnej.

Badania w okolicy Labradoru i Nowej Fundlandii dokonywane byly w dniach
od 19 IT do 9 V 1968 (tab. IV, ryec. 2). Na towisku najliczniej przebywaly Ful-
marus glacialis, Rissa tridactyla, Larus hyperboreous, Pagophila eburnea. Te ga-
tunki wzieto pod uwage w czasie dalszego opracowywania.

Zmiany ogolnej iloSei Fulmarus glacialis przedstawiono na ryec. 3. Wyniki
badan zwigzku liczby ptakow z czynnikami $rodowiska przedstawiono w tab. V.
Z tabeli tej oraz rye. 2 wynika, ze najwieksze iloci ptakéw obserwowane byly
na lowiskach polozonych w pdinoenych rejonach akwenu. Najwiecej ptakow
obserwowano w marcu, mniej w kwietniu i w maju (ryec. 4A). Wzrost liczby
ptakow nastepowat réwniez w czasie wzrostu wydajnosci polowéw ryb (rye. 4 B).
Stwierdzono réwniez zwiazek pomiedzy liczba Fulmarus glacialis, a zmianami
szybkosel wiatru przed 24 godzinami. Wzrost liczby Fulmarus glacialis naste-
powal po wzrodcie szybkodei wiatru w dniu poprzednim, 48 godzin po pogor-
szeniu sie¢ widzialnosei oraz 12 godzin po wzrodcie ci$nienia baryeznego (rys. 4 C,
F, G). Jednoczesnie wzrost liczby ptakéw nastepowal 48 godzin przed spadkiem
zachmurzenia nieba i 48 godzin przed polepszeniem si¢ widzialnogei (ryc. 4D, E).
Wazrost liezby ptakéw nastepowal rowniez w zwigzku z niskg temperaturg
powierzehni morza. Z kompleksowej analizy pogody wynika, ze wzrost liczby
ptakéw nastepowal wowezas, gdy nad lowiskiem zalegal skraj wyzu, nizu,
siodto baryezne (rye. 5, tab. VII—X). Ogélnie mozna stwierdzié, ze ptaki
te unikajg sztormowej pogody w nizach oraz stabych wiatréw w obrebie ukla-
déw wyzowych. -

W tab. XTI przedstawiono poziomy istotnosci zwigzku pomiedzy procentem
Fulmarus glacialis latajacych za statkiem a badanymi czynnikami. Wzrost
procentu ptakéw notowano w czasie wzrostu szybko$ei wiatru, 24 godziny
po wzroscie zachmurzenia nieba, 24, 12 godzin i po 12 godzin przed spadkiem
ciSnienia baryeznego (rye. 6 A, B, C, D, B, F). Najwiecej ptakéw notowano
réwniez w czasie przechodzenia nizu i frontéw (tab. XII).

Procent ptakéow latajacych w powietrzu niezaleznie od statku wzrastal
48 godzin po wzroscie ogélnej ilosci Fulmarus glacialis, 24 godziny po spadku
szybkodel wiatru i zachmurzenia nieba (tab. XIII, rye. 7TA, B, C, D).



659

Procent ptakow siedzgcych na powierzehni morza wzrastal 48 godzin po
wzroseie szybkosei wiatru, oraz 12 godzin po stabych wiatrach, w czasie stabych
wiatréw i w czasie stabego falowania morza. Wiecej Fulmarus glacialis siedzialo
na powierzehni morza w czasie wiatréw poludniowo-zachodnich (tab. XIV,
ryc. 8A; By G, B,

Reasumujac mozna stwierdzié, ze zerowanie ptakéw za statkiem odbywa
sie w czasie dziatania pogody powodujacej spadek ogélnej liczby ptakéw (dzia-
lanie czynnikéw niekorzystnych), loty w powietrzu (migracje) i siedzenie pta-
kow na powierzehni morza wystepujg w czasie pogody zblizonej do powoduja-
cej gromadzenie sie duzych iloSei Fulmarus glacialis na lowisku.

TloSci Rissa tridactyla w czasie obserwacji na lowiskach w poblizu Labradoru
i Nowej Fundlandii przedstawiono na rye. 9. Najliczniej gatunek ten obserwo-
wano w lutym i marcu, wystepowal zwlaszeza na towiskach polozonych w pot-
nocnych regionach badanego akwenu. Najwiecej ptakow przebywato w poblizu
statkn w czasie tralowania, wybierania i wydawania sieci oraz w polozeniu
statku w dryfie. Wiecej ptakéw notowano wieezorem, najmniej rano (tab. XVI,
rye. 10A, B, C, 11). Ponadto wzrost liczby ptakéw nastepowat 12 i 24 godziny
przed spadkiem szybkosei wiatru oraz w czasie spadku temperatury powietrza.
Najwiecej ptakéw notowano w wyzu i siodle barycznym oraz po przejsciu
frontéw (tab. XVII, XVIII, rye. 12A—F, 13).

Procent Rissa tridactyla latajagcych za statkiem wzrastal w godzinach wie-
czornyeh, 12 1 24 godziny po wzroScie zachmurzenia nieba (tab. XIX,
ryc. 14 A—C).

Procent Rissa tridactyla latajacych w powietrzu wzrastal w czasie szybkosei
wiatru 2—3° w skali Beauforta oraz 12 godzin po niskim zachmurzeniu nieba
(tab. XX srye: 15 A B).

Procent Rissa tridactyle siedzacych na powierzchni morza wzrastal w czasie
ogdlnego wzrostu liczby ptakéw tego gatunku oraz w czasie slabego falowania
(tab. XXT, ryec. 15 C, D).

Ogélnie mozna stwierdzié, ze wigkszy procent Rissa tridactyla migruje
(lata w powietrzu) w czasie pogody zblizonej do takiej, ktéra powoduje zwie-
kszanie si¢ liezby ptakéw — jest to gléwnie spadek szybkosei wiatru. Z wysta-
pieniem migracji wigze sie rowniez niskie zachmurzenie nieba. Po m]nym Z-
chmurzeniu wiekszy procent ptakéw zeruje za statkiem.

Ilo$ei Larus hyperboreus w czasie obserwacji na lowiskach w okolicy Labra-
doru i Nowej Fundlandii przedstawiono na rye. 16. Najwiecej ptakéw notowano
na towiskach polozonych najblizej ladu, 24 i 48 godzin przed spadkiem szybkosei
wiatru i 24 godziny przed spadkiem zachmurzenia nieba. Wzrost ponadto
nastepowal w wyzu i siodle barycznym oraz za nizem (tab. XXIII, XXIV,
ryc. 17TA—C, 18).

Tlo$ei Pagophda eburnea w czasie obserwacji przedstawmno na rycinie 19.
Wzrost liezby tych ptakéw nastepowat 12 godzin przed spadkiem widzialnosel
-1 wystgpieniem opadu deszezu lub §niegu (tab. XXV, XXVII, rye. 21).
Badania na Morzu Pélnocnym wykonywano w czasie trzech rejséw w dniach
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od 3 IT do 9 IIT 1964, 22 VIII do 19 IX 1968, 4 X do 25 X 1968. Trasy rejsow
i polozenie towisk przedstawiono na ryc. 1 i 23, iloSci dni i daty pobytéw na
poszezegélnych towiskach przedstawiono w tab. XXIX. Do obliczen wzieto
pod uwage wyniki obserwacji prowadzonych w czasie wybierania sieci na poklad
statku i obrébki ryb, kiedy w poblizu przebywalo najwiecej ptakdédw. Z gatunkéw
najliczniej gromadzacych sie w poblizu statku opracowano cztery: Fulmarus
glacialis, Rissa tridactyla, Larus marinus i Sula bassana.

Liczbe Fulmarus glacialis w czasie obserwacji przedstawiono na ryc. 24.
Najwiecej ptakéw obserwowano na lowisku oznaczonym numerem 5, zwlaszcza
w miesigeach sierpniu i wrzesniu. Wazrost liczby tego gatunku nastepowat
24 godziny przed i 48 godzin po wiatrach o szybkosei 2—4° w skali Beauforta.
Podobna zalezno$é wystepuje w stosunku do stanéw morza (tab. XXX,
ryc. 25 A—F). Ponadto wzrost liczby ptakéw nastepowat w siodle barycznym,
mniej w wyzu i nizu (tab. XXXII).

Tlosci Rissa tridactyla w czasie obserwacji na Morzu Pélnoenym przedsta-
wiono na ryc. 26. Najwiecej ptakéw notowano w lutym, marcu i pazdzierniku
na lowiskach 2 i 3 (rye. 23, 27 A). Wzrost liczby mew nastepowal w czasie wia-
tréw zachodnich, oraz 24 godziny przed i 24 godziny po wzrofcie szybkofei
wiatru. Wzrost liczby ptakéw wiazal sie réwniez ze wzrostem falowania po-
wierzehni morza 24 godziny przed, 12 i 24 godziny po obserwacji. Wzrost liczby
ptakéw nastepowal tez 12 godzin po spadku ci§nienia barycznego i wzrofcie
zachmurzenia nieba (tab. XXXIII, rye. 27 B—H).

Tlo$ci Larus marinus obserwowanych na Morzu Polnocnym przedstawiono
na rye. 29. Wzrost liezby ptakéw nastepowal 12 godzin przed wzrostem zachmu-
rzenia nieba, 12 godzin po spadku ci$nienia barycznego oraz na skraju wyzu
(tab. XXXVII, XXXIX, rye. 30A, B).

Tlo$ci Sula bassana w czasie obserwacji na Morzu Péinocnym przedstawiono
na ryc. 32. Liczniej gatunek ten obserwowano w pazdzierniku, najmniej licznie
w lutym i marcu. Wzrost liczby ptakéw nastepuje ponadto 24 godziny po wzro-
$cie szybkosei wiatru, 12 godzin po wzro$cie falowania morza i 24 godziny po
polepszeniu widzialnosci oraz w czasie wiatréw zachodnich. Wzrost ptakéw
nastepowal w czasie przechodzenia nizéw (tab. X LI, XLII, XLIII, rye. 33A—E,
34).

~ Badan na towiskach polozonych na szelfie w poblizu péinocno-zachodnie]
Afryki dokonywano w czasie rejsu w dniach od 2 XII 1964 do 12 IV 1965
(tab. XLV, ryec. 1, 35). Do obliczenn wzieto pod uwage wyniki obserwacji Larus
fuscus i Sula leucogaster. ‘

Tloéci Larus fuscus w czasie obserwacji przedstawiono na ryc. 36. Najwiecej
ptakéw tego gatunku obserwowano na towiskach nr 2 i 3. Wiecej ptakéw obser-
wowano w grudniu niz w miesigcach pozostatych. Wzrost liczby ptakow na
morzu nastepowat w zwigzku z wystapieniem silniejszych wiatréw (maksymalng
szybkosé osiggaty one w granicach 5—7° w skali Beauforta) oraz silniejszym
falowaniem powierzchni morza. Wzrost nastepuje ponadto w czasie zalegania
wyzu nad badanym akwenem (tab. XLVI, XLVII, ryc. 37 A—J).
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Tlosei Sula leucogaster w czasie poszezegdlnych obserwacji przedstawiono
na ryc. 38. Wiecej ptakéw obserwowano w grudniu niz w miesigcach nastepnych.
7 innych badanych czynnikéw zadne nie byly zwiazane w sposéb statystycznie
istotny ze zmianami liezby Sula leucogaster (tab. XLIX, rye. 39).

7 przedstawionego materialu wynika, ze czynniki powodujace zmiany liczby
ptakéw na morzu mozna zaklasyfikowaé do trzech grup: 1. geograficzne i kli-
matyezne, 2. meteorologiczne, 3. antropogeniczne. Miejsce potowu w obrebie
kazdego z owisk miato wplyw na liczebno$é ptakéw nalezacych do 4 gatunkow,
miesige, w ktérym dokonywano badai powodowat réznice w ilosci ptakéw u b ba-
danych gatunkéw. Tylko dwa gatunki: Larus marinus i Pagophila eburnea poja-
wialy sie na morzu niezaleznie od polozenia statku nalowisku oraz od pory roku.

Najbardziej dynamiczne zmiany liczby ptakéw wigzaly sie ze zmianami
czynnikow meteorologicznych. Wyjatek stanowity tu Sula leucogaster. Istnienie
tego faktu tlumaczyé mozna niewielkg amplitudg zmian pogody w rejonach
miedzyzwrotnikowych. Spofréd 42 przypadkéw zwigzku istotnego statysty-
cznie pomiedzy liczba ptakéw badanych gatunkéw a wartoseia czynnika po-
godowego tylko w 5 przypadkach istnial zwigzek pomiedzy aktualnie dziataja-
cym czynnikiem pogodowym a liczbg ptakéw. W pozostatych przypadkach
zmiana warto$ci elementu pogodowego poprzedzata zmiane liczby ptakéw
lub nastepowata po zmianie liczby ptakow.

Czynniki pogodowe mozna poklasyfikowaé na dziatajace mechanicznie —
wiatr i falowanie powierzchni morza, warunkujgce orientacje przestrzenng —
zachmurzenie nieba i widzialno§é, dzialajace termicznie — temperatura po-
wietrza i temperatura powierzchni morza, oraz jako oddzielng grupe — cisnienie
powietrza, majace, jak wynika z badan, marginesowe znaczenie zaréwno jako
czynnik determinujgcy pobyt ptakéw, jak tez jako czynnik moggcy orientowaé
zwierze co do ewentualnej zmiany pogody.

Wzrost liczby ptakéow notowano zazwyeczaj w zwiazku z przechodzeniem
wyzow, spadek w nizach. W nizach natomiast nastepowat wzrost liczby ptakéw
przebywajacych w poblizu statku i korzystajacych z wyrzucanych odpadow.

W zwiagzku ze zmianami liczby ptakéw, zaleznynii od zmian pogody, mozna
méwié o migracjach pogodowyech majacych na celu przemieszezenie sie ptakow
w akwen o dogodniejszych warunkach fizyeznych. W przypadku ptakéw zy-
jacych na Oceanie ma to wielkie znaczenie ze wzgledu na brak mezliwosci
schronienia sie przed niekorzystnymi warunkami pogodowymi np. w postaci
sztorméw lub okreséw ciszy. W zwigzku z tym typem migracji stwierdzono
u ptakéw morskich specyficzng orientacje co do nadehodzgcych zmian pogodo-
wych. Reakeja ptakéw wyprzedzata zmiane niektérych czynnikéw pogodowyeh
nawet o 48 godzin. Istnienia mechanizmu, powodujacego wezesniejsze zdobycie
informacji co do kierunku przebiegu zmian pogody w przyszlosci, za pomocg
metodyki przyjetej przy wykonywaniu tych badan nie udalo sie ustalié. W roz-
dziale VI rozwazano mozliwosé¢ zwigzku orientacji pogodowej u ptakéw ze zmia-
nami pola elektromagnetycznego, wzbudzanego miedzy innymi w czasie prze-
mieszezania sie frontow.

Acta Zoologica Cracoviensia nr 13 6
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W zwigzku z wykazanym zwiazkiem wystepowania poszczegdlnych gatunkow
ptakow z okreslonymi wartosciami czynnikéw pogodowych mozna analogicznie
do poje¢ uzywanych w ekologii méwié o siedlisku lub §rodowisku pogodowym
jako jednym z gltéwnych czynnikéw determinujacych rozmieszezenie ptakéow .
w obrebie strefy geograficznej, zajmowanej przez gatunek.

Jako zespdl czynnikéw antropogenicznych nalezy rozumieé obecnogé stat-
kow przebywajacych na towiskach rybackich. Wszystkie wziete w pracy pod
uwage gatunki ptakéw korzystaly ze statku jako miejsca, w poblizu ktorego
znajdowaé sie moze pozywienie. Nie stwierdzono jednak powszechnej zaleznoseci
pomiedzy liczbg statkéow i wydajnoseia polowow ryb a liczbg ptakéw w poszeze-
g6lnych dniach.

PE3IOME

B macrosieit paGoTe MPEICTABIEHO MTOIY HUCCIIENOBAHUN HAl N3MEHEHUSAMY TIOBEIe-
HUSI, 8 TAK)KE UBMEHEHMSMU KOJIFUECTBA ITUI] B 3aBUCHUMOCTY OT CMEHbI CPEIbI, INIABHBIM
o0paszom cmeHbI Toroanl. HaOmroaeHus: HaJ OTUIAMM BEJIMCh M3 May0 HOJIBCKUX TPajlb-
LIUKOB, NIPOM3BOAAIMX 0TIOB PeI6 B CeBepHOM Mope, y mnobeperxuii Herodayumrenna
u Jlabpamopa, y mobGeperxuii ceBepo-samaanoit Abpuxu (dur. 1). Habmogenus npous-
BOJMJIMCH C TOMOIIBI0 OMHOKIIA 11 x40 uepes 1,5 waca. IIpomoinkenue omguoro HabII0O-
nmenus 20 muHyT. Kax MCKITIOUeHve COCTaBIsIM MCCIETOBAHMA BO BPEMSI OMHOIO pefica
B CeBepHOM MOpe U peiica oxosio Adpuku, Korjga HabIIOLEHUA BEIUCh TP Pasa B JEHb.
Bo Bpemsa HaOIIONEHHMIT OTMEUANIOCH KOJIMUECTBO IITHII, BO3DACT, 4 TAKXKE XapakrIep
BBINOJIHSAEMBIX JleficTBuii. Ha ofIlee KOJIMYECTBO TTHI[, HAXOMAIMXCS BOIMSH cymHa
CKJIAAIBIBAJICE | MAKCUMAJIbHOE KOJMUYECTBO ITHII, JICTAIOIMX BOIM3K CYQHA, CyMMa TITHII,
JIETAIOIIMX B BO3JyXe HE CBsASAHHBIX C CyAHOM. Cram nTuI] COCTOSIINE M3 HECKOJBKO
COT WJIM HECKOJIBKO TBHICSY OCOOEH MPUHMMAIINCh OIeHOUHO. VITOrHM HaOIIOeHui pac-
peZeeno B Tpu rpymnel: yrfennue 10 11 vacos, obemenusle ¢ 11—15 vacos, Beuepnue
¢ 15 no cymepex (mecTHOro BpeMeny). [Ipunumasocs BoO BHUMAHWE HAOIIONEHME, B KOTO-
pPOM IOMEUaIOCh MAaKCUMaJIbHOE KOJIMYECTBO IITHI] B OTHAEIBHBIX TPEX WHTEpBAJIaX Bpe-
menu. KoymuectBa OTHI CPABHMBAJIUCH CO CJIEHYIOIUMMU METEOPOJIOTHUECKUME (haKTo-
paMHi: CKOPOCTBIO UM HANTPABJICHUEM BETPA, COCTOSHUEM MODPS, 0OJIAUHOCTHIO He0A, BHIU-
MOCTBIO, aTMOC(EPHBIM [ABJIEHUEM, TEMIIEPATYPO BO3YXa, TEMIIEPATYPOH TOBEPXHOCTH
mops1. CBA3b MEXKIY 9TUMH (haKTOpaMy K KOJMUECTBOM IITHUL ONIPEIEIIsIIUCh IPY IIOMOIIH
72. Kpome TOr0 OTMEUAJIOCh BIIMSIHUE BbIUIE YIOMSHYTBIX (DAKTOPOB IOTObI, BOSHUK-
mmx B 12, 24 u 48 yacoB nepen HabimogenueM, a Taroke 12, 24 u 48 YacoB Imocie HabJII0-
menus. Taxum obpasom mpemaraembim CossseprepoM (1965), Trommom (1963), ycra-
HOBJIEHO B TAaKUX CJIyyasX TOsSBIICHHE WM M3MEHEHUE IIOBEICHMS INTHI[ ONEPEXKAaeT
U3MEHEHUe TIOrOfbl, 4 TAKKE B KAKUX CIIydasxX sBJIAETCA €€ CIIeICTBUEM.

06aBOYHO, aHAIM3UPOBAHO CHUHONTHUECKUE KapThl UCCIIETOBAHHBIX aKBEHOB, NPO-
U3BOJA KOMIUIEKCHBIH aHAIM3 TOrojpl. B COCTaB 9TOH OLEHKM BXOAWJIO OIUCAHME,
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KOTOpast 4acTh 6ApMUECKOH CHCTEMbI HAXOMIIACH HAJ] MECTOM JIOBJIH (061aCTh HOBDIIICH-
HOTO [IABJICHUS, IOHIYKEHHOIrO JIABJIEHUs, CEUIOBUHA), OIMCAHUE 3aBUCUMOCTH MEYKLY
ABIWKCHHEM (DPOHTOB ¥ PACIIOJIOZKEHMEM MECTa HAGIIOACHMs (YIUTBIBATIOCh POX (poHTA
U PACCTOSIHHE OT MECTa JIOBJH). IIpMroTaBJIMBAaNCh CXeMbl CHHOITHUECKHX KapT, Ha
KOTOpbIE HAHOCHJIMCH IIOJIOZKEHUA MECT HAOJIOJEHME C COXPAHEHUEM TAKMX HPONOPIMiL
PACCTOSTHUE B OTHOIIEHUH K 00JIACTAM MOBBIIIEHHOTO JABJICHUA, TOHWKEHHOrO TABJIEHU
1 QpOHTOB, KOTOPBIE HAXOAUIIMCH HA OPUIUHAJIBHBIX CHHOITHUYECKHX Kaprax. lleicrsu-
TEJIbHOCTD CBsISH USMEHEHUH KOJMTECTBA ITHIL] B 3aBUCHMOCTH OT CyIIECTBYIOmCH Gapi-
YECKOH CHTyalluu ONIPEJeIAIach UPY IIOMOIIU JIUCIEPCHOHHOTO AHAIN3A.

Hccnenosanus B oxpecrnocru JlaGpagopa u Herodaynmuenma npousseneso ¢ 19 II
mo 9 V 1968 r. (tabn. IV, dur. 2). B mecre m0BIH Hauboee 00MIbHBL 0L : Fulmaris
glacialis, Rissa tridactyla, Laurus hyperboreus, Pagophila eburnea. 9ti Bumbl 6butu
NIPUHATHl BO BHUMAHVE IIPH jajibHeiliuedl pabore. ;

Msmenenuss B obumiem xosmruectse Fulmarus glacialis npencraBneno wa ¢ur. 3.
Mroru uccie/ioBanuil Hajl CBA3BI0 KOIMUYECTBA ITUL, C (HAKTOPAMU CPEBI IPEACTABIICHO
B 1abn. V. C oroit rabiuusl, a Taroxe Gur. 2 ClIeayeT, 4To HAHOOJbIIEE KOJIMUECTEO
ITHI HAOJIO/AJIOCh B MECTaX JIOBJIH, DPACHOJIOKEHHBIX B CEBEPHLIX PAHOHAX AKBEHA.
HauGosmpie ntuiy Haboqaaocs B MapTe, MeHblle B anpesie u mae (¢ur. 4 A). Pocr xomu-
UECTBA ITHIL IIPOUCXOANT TaK)Ke BO Bpems pocra JioB/M peIb (dur. 4 B). Koucratupo-
BaHO TaKKE CBsA3h MEXY KoymdectBoM Fulmarus glacialis n u3meneHneM CKOpPOCTH
Berpa nepest 24 vacamu. Pocr xoymuecrsa Fulmarus glacialis mpoucxomar mocie ycue-
HYSI CKOPOCTM BETpa Ha TPEABIAYINUiI meHb, 48 wacoB mocie yXyIUIEHUs BUIHUMOCTH
u 12 yacoB mocie yBesnuueHus armocdepuoro mapienus- (dur. 4 C, ¥, G). Opuospe-
MEHHO POCT KOJIMYECTBA ITHI[ MIPOHCXOMMT 48 uacoB Ieper MOHMYKEHMEM 06IauHOCTH
Heba 1 48 yacos mepey yuryumenvem Bumpumoctu (ur. 4 D, E). Bospacranue xomuecTsa
NTUL TIPOMCXOJUIIIO TAKYKE B CBSSH C HH3KOU TEMIEPaTypoOil IOBEPXHOCTH Mops. K3
KOMIIEKCHOT'O aHAJIM3a IOTOAbl CIIEAYET, UYTO BO3PACTAHUE KOJIMUYECTBA IITHI] MMEJIO
MECTO TOTHA, KOIJa Ha[ MECTOM JIOBJIM HAXOMUIICST Kpail 00/IaCT¥ IOBBILIEHHOIO [JaBJIe-
HUSI, TOHIDKEHHOIO JaBileHust win cemionuna (dur. 5, Tabn. VII—X). To ecrs oti
- ITANBI U30€raroT MITOPMA IPU HOHWKEHHOM [IaBJIEHWM M CJIA0bIX BETPOB B 00JIACTH
IIOBBIIEHHOTO JAaBJICHHS.

B rta6n. XI mnpencraBieHo ypoBHE UCTHHHOCTH CBS3M MEXIY IpoleHToM Fulmarus
glacialis, neraromux sa cymHoM U mcciIemyeMbIMI (haxTopamu. Poct HPOIEHTA IITUI]
OTMeUaJICA BO BPEMS DOCTa CKOPOCTH BeTpa, 24 yaca mocie pocra obiauxocrd, 24,
12 vacos mocie u 12 uaco nepes moHmwKeHuem armocdepnoro mapnenus (dur. 6 A,
B, C, D, E, F). Hau6oJbl1e IITHI] TaK)KE OTMEUATOCH BO BPEMS IPOXOIKICHASA 00IACTH
TIOHIDKEHHOI0 atMoc(hepHoro gaBieHus u dpouron (tabn. XII).

Iporient seTaomuX NITHI] B BO3/LYXE HE3ABHCHMO OT Cy[QHA Bo3pacTald 48 uacoB
nocie pocra oduiero Kommaecrsa Fulmarus glacialis, 24 daca mociie yMeHBIIEHHs CKOPOCTH
Berpa ¥ obmaunocru (rabn. XIII, dur. 7 A, B, C, D). .

IIponenT CUAAIMX ITHUI] HA IIOBEPXHOCTH MOPA BoapacTal 48 9yacoB IOCie BO3PAC-
TaHUST CKOPOCTU BeTpa U 12 uacoB mocie CiabbIx BETPOB, BO BPEMs CIAOBIX BETPOB
u cmaboro BosHenust mops. bombute Fulmarus glacialis caneno Ha MOBEPXHOCTH MOPS
BO BpeMsa IOT0O-3amafHbIX BeTpoB (tabn. XIV, dur. 8 A, B, C, D, E).

6%
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Pesromupyst MOYKHa KOHCTATHPOBATh, UTO JOOBIUZ KOpMA ITHI[AMM 32 CyJHOM HMEET
MECTO BO BpeMsa MOeHCTBHA IOrOAbI IPHUHHAIOIIEH IOHIYKEHHE OOIIEro KOJMUYECTBa
niTun (eficTBYIE OTPUIATENFHBIX (DAKTOPOB), JIET B BO3MyXe (MUIDALMM) M CHACHUE IITHUIY
HA TIOBEPXHOCTH MODSI MMEET MECTO BO BPEMsI IIOrOfbI IIOXO)Keil Ha Ty, IPH KOTOpPOM
cobupaercs Gossinoe xommuectBo Fulmarus glacialis B mecre ynosa.

Komuuecrsa Rissa tridactyla Bo Bpems HaGroneHuil B mMecTax JioBa Bosje JlaGpa-
mopa u Hrrodaynmenaa npeacTapieHo Ha ¢ur. 9.

Haubostee MHOTOUMCIIEHHBIM OH OBLT B (heBpajie M Mapre, a TAK)KE B MECTax JIOBJIH,
DACIIOTIOMKEHHBIX B CEBEPHBIX DPAafOHAX MUCCIEOBAHHOIO aKBeHa. HamGosbure mrun
HAXOOUJIOCH BOMM3M CyJHA BO BPEMsI TPaJleHWs, BBIOMPAHUS M OTJAUM CETEH, a TarKe
KOTJa CyJHO HaXOAMWIOCh B Apelide. Boiblie Iyl 0TMEYaIoch BEYEPOM, MEHBIIE YTPOM
(tabn. XVI, dur. 10 A, B, C, 11). Kpome TOro pocT KOJIMYECTBa ITHUIl IPOUCXOAMT 12
U 24 yaca mepeJ] IOHMYKEHUEM CKOPOCTH BETPA, a TAKIKE BO BPEMs IIOHMYKEHMsI TeMIIEpa-
TypbI Bo3ayxa. Hauboiblie ITUIL OTMEYEHO B 00JIACTH IOBBILIEHHOIO NAaBJIEHHS M B CEMl~
JIOBUHE, a TaloKe IIocie Tpoxoykaenys (ponroB (tabn. XVIII, ¢wur. 12 A-F, 13).

Ilporient Rissa tridactyla, meTarolpx 3a CyJHOM BO3pacTal B BEUYEPHHE YacChI,
12 u 24 yaca mocie pocra obmauHoctTd Ha HeGecHom cBogme (Tabm. XIX, ¢ur. 14
A—C).

TIpouent Rissa tridcatyla neraolnux B BO3Ayxe BO3pacTajl BO BPEMsI CKOPOCTH BETPa
2—3° o mixase Bodopra, a Takyke 12 uacoB mocse cyaboit 061aUHOCTH HEOECHOTO CBOAA
(tabn. XX, ¢ur. 15 A, B).

Ilponent Rissa tridactyla, cumsmux Ha IOBEPXHOCTH MOPSI BO3PACTaJll BO BPEMST
OOLIEr0 POCTa KOJMYECTBA IITUI[ 9TOTO BUAA, @ TAKXKE BO BPEMA CIa00ro BOJHEHHST
(tab. XXI, ¢ur. 15 C, D).

B 0611eM MOYKHO KOHCTATHPOBATh, uTo Gosblumil iponent Rissa tridactyla murpupyer
(7IeTaeT B BO3MyXe) BO BPEMsI IIOrOABI COMMKEHHON K TOM, KOTOPast ABJIIETCS MPAYMHON
YBEJIMUEHUA KOJUUECTBA IITUL] — 5TO IJIABHBIM 00PA30M ABJIAETCS YMEHBIIEHHE CKOPOCTH
BeTpa. C murpanueit Takyke cBsisana ciabas obaurocts Hebecnoro coza. Ilocse cubHOI
0071auHOCTH, OOJBIIMA IPOLEHT ITHI{ HOOBIBAECT IMHINY 3a CYIHOM.

KomuuectBo Larus hyperboreus Bo Bpems HaOJIONEHUI B MECTax JIOBJIM B paioHe
JIa6pamopa u Herodayspienna mpencraBieHo Ha ¢ur. 16. Hanbosblue ITuI] OTMEUEHO
B MECTax JIOBJIM, pacnonoméHbex BOMsK cymd, 24 u 48 9yacoB meper yMEHBIIEHHEM
cKkopocTu Berpa M 24 waca Iepes yMeHbIueHHeM obyauHocTH HebecHoro csopa. Pocr
TAKyKE TIPOMCXOMMII B O0JIACTH TOBBIIEHHOIO HaBJIEHMA ¥ B Oapuyeckolt CeIIOBHUHE
(tabm. XXIII, XXIV, ¢ur. 17 A—C, 18).

Komuuecrsa Pagophila eburnea Bo BpeMsi HaGIONEHNS TIPE/ICTaBIeHO Ha dur. 19.
PocT KOJIMUECTBA STUX ITUI] UMeJI MeCTO 12 uacoB mepel MOHMKEHMEM BUAUMOCTA M BbI-
mafieHreM aTMOC(hEpHBIX OCAIKOB MJIM CHEra (Ta6j1. XXV, dur. 21).

HUccnegopanuss Ha CeBepHOM MOpE IPOM3BOILIICE BO BpeMs Tpéx pedicoB ¢ 3 II
mo 9 I1I 1964 r., 22 VIII mo 19 IX 1968 r., 4 X mo 25 X 1968 r. Tpaccel peficoB u pac-
TIOJIOYKEHMS MECT JIOBJIM IpeACTaBieHo Ha dur. I 1 23, KOJMUECTBO JHEH U JaThl IPeObI-
BaHMS Ha OTAEIBHBIX MECTaX JIOBJM npencrasiennl Ha Gur. XXIX . K nmopcuéram npussaro
BO BHUMAHHE MTOTM HabJIIoIeHuil, IPOBOAUMBIX BO BpeMs BBIOMPaHUA ceTed Ha mayOy
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cynHa u o0paboTKM pbIO, KOrpa BOTMSHM HAXOJWIOCH HAMOOJIBIIEE KOJMUECTBO IITHIL.
3 naubosiee COCPEIOTAUMBAIOIINXCSA BULOB BOJIM3U CyQHA MCCIEHOBAHO 4eThIpe: Ful-
marus glacialis, Rissa tridactyla, Larus marinus, Sula bassana.

Komauectso Fulmarus glacialis B0 BpeMs HaOIIONEHMIT IpEICTaBIeHO HA (ur. 24.
HauGossiee KOIMYIECTBO IITHL HAGIONAIOCH B MECTE JIOBJIX 0003HAUEHHOM HOMEPOM 3,
a TAalOKe B aBryCTe U CeHTAOpe. PocT KoIwuecTBa 9TOr0 BUAA MMET MECTO 24 yaca mepen
u 48 mocie BeTpoB co cKopocreio 2—4° mkanel Bogopra. Ilomobmas s3aBuMuUCOCTH
HAOJIIOAETCA B OTHOLICHHM K COCTOSHMAM mopst (tabn. XXX, ¢ur. 25 A—E). Kpome
TOr0 POCT KOJMUECTBA ITHIl IIPOMCXOJWI B GapUUecKoil CeIIOBHHE, MeHee B 00iactu
C NOBBILICHHBIM M TOHIYKEHHBIM armochepHBIM mapienumem (Tabm. XXXII).

Konuuecrsa Rissa tridactyla Bo Bpems: HabaroneHuit B CeBEpHOM MODE IIPEICTABIIEHO
ma ¢ur. 26. HauGosblee KoJMYecTBO ITHI[ OTMEUeHO B (eBpase, MapTe U OKTAOpE,
B Mecrax JioBiu 2 u 3 (dur. 23, 27 A). Pocr xoimmuecTBa YaeK MPOHCXOJMI BO BPEMA
3amaIHbIX BETPOB, a Taroke 24 uaca mepes ¥ 24 yaca I0ciIe pocTa CKOPOCTH Berpa. Taroxe
POCT KOJIMUECTBA ITUI] ObLI CBJ3aH C BO3PACTAHMEM BOJIHEHHA Mops 24 dyaca mepen,
12, 24 gaca mocie Habmogenus. PocT KojmMuecTBa ITUI] IPOMCXOAMII TaKyke 12 yacos
mocjae TMaJeHusa aTMOC(EPHOro aBlEHUs U YCHIEHHA 00JIa4HOCTH HEOECHOro CBOJA
(tabn. XXXIII, ¢ur. 27 B—H).

Komruecrsa Larus marinus, Habmomaemsle Ha CeBepHOM MOpe IPEICTaBJIEHO HA
¢ur. 29. Pocr KoamuecTBa IITHUL IIPOUCXOIUI 12 yacoB mepes pocToM 00JIayHOCTH Hebec-
HOro cBojia, 12 wyacoB mocie mameHust armocdepHOro JaBlIeHus, a TakKe Ha Tepudepun
" 00JIaCTH TIOBBIIIEHHOro armocepHoro mapienus (tabn. XXXVII, XXXIX, d¢ur. 30
A B ;
 Komuuecrsa Sula bassana Bo Bpems HaGionenuit Ha CeBepHOM. MOpE TIPEACTABIICHO
Ha Gur. 32. BoJlee MHOTOUHCIIEHHBIM 3TOT BUL ObLI B OKTAGDE, a HaumeHee B (eBpaye
u mapre. Kpome TOro pocT KOJIMYecTBa ITHI] IPOMCXOMuII 24 yaca II0CIIE POCTa CKOPOCTH
Berpa, 12 yacoB IOCTE YCWJIEHMA BOJHEHMA MOPSA M 24 yaca TOCie YIIyUIUEHVsT BU/IU-
MOCTH, a TAaK)KE BO BPeMs 3amlagHbIX BeTpoB. POCT KoMuecTBa NTHUIl IPOUCXOAUI BO
BpeMs TIPOXOXKIEHUA obJacTell ¢ MOHMYKEHHBIM arMochepHbIM naBieHuem (tabm. XLI,
XLII; XLIII, dur. 33 A—E, 34).

WccnenoBanys B MECTaX JIOBJIM, PACIIOJIOYKEHHBIX HA 11ebde BOIM3U ceBepo-3ama-
Ho#t ADpHKHA TIPOUSBOAMIMNCE BO Bpems peitca co 2 XII 1964 mo 12 IV 1965 rr. (rabi.
XLV, ¢ur. 1, 35). K nogcuéram mpuHATO BO BHHUMAaHME WTOrM HaOmomenmit Larus
Sfuscus u Sula leucogaster.

KoymuecrBa Larus fuscus Bo BpeMs HaOJIONEHMS IpejcTaBieHo Ha ¢ur. 36. Ham-
00JIBIIEE KOJIMUYECTBO 9TOr0 BMIA HAOIONAJIOCE B MECTax JOBIX 2 u 3. Bosbire nTurn
Ha0JIIOMATIOCh B [EKa0pe, YeM B OCTAJBHBIX MECsAnax. POCT KOJIMYECTBA ITHI[ Ha MOPE
TIPOVCXOAMII B CBSISM C YCHJICHMEM BETPOB (MAKCHMAJIbHASI UX CKOPOCTH IOXOUJIA IO
5—7° mxane! Bodopra), a TakiKe ycuIeHueM BOJIHEHVS IOBEPXHOCTH MOpsi. Pocr mmen
MECTO TaKyKe IIPH 00JIACTH IOBBILIIEHHOT'O aTMOCHEPHOro HaBJICHUA HAJX HUCCICTOBAHHbBIM
axBenom (tabi. XLVI, XLVII, ¢ur. 37 A—J).

Komnuecrso Sula leucogasier Bo BpeMs: OTHENBHBIX HAOIOMEHUA TIPEICTABIEHO HA
¢ur. 38. Bonsuie mrun HabIoganocs B gexadpe, yem B ocraiubHble mecansl. C Ipyrux
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HCCIICIOBAHHBIX (DaKTOPOB, HMKAKOH He OBbLI CBSISAH CTATHCTHUYECKH CYILCCTBEHHBIM
criocobom ¢ usmeHenusmu KommruectBa Sula leucogaster (taém. XLIX, dur. 39).

W3 1pencTaBIeHHpIX BBILIE JAHHBIX CIIEAYET, uTo (haKTOPHI IPHUMHSIOINE H3MEHE-
HUsT KOJIMYECTBAa ITHIl Ha MOpPE MOYKHA OTHECTH K Tpém rpymmam: I. reorpaduueckue
¥ KIIMMATUYECKUE, 2. METEOPOJIOTMUYECKUE, 3. aHTPOIOreHHbIE. MECTO JIOBIIM HMEIOo
BIIMSIHYE HA YHCJICHHOCTH T, IPHHAJIE/KAIMX K 4 BI/IaM ; MECSIL], B KOTOPOM IPOU3BO-
JUTIMCH MCCIIEMOBAHUA BJIMSI Ha KOJIMYECTBO MTHUIl ¥ 5 MCCIIENOBAHHLIX BUIOB. TO0OJILKO
2 Bupa: Larus marinus u Pagophila eburnea NostBIAINCS Ha MOPE HE3ABUCHMO OT TIOIIOYKE-
HYsI Cy[lHA B MECTE JIOBJIHM, & TaK)Ke BPEMEHH TOJa.

Haubosee munammuyHble H3MEHEHUS YMCIIEHHOCTY IITHIY OBITM CBSA3AHbI C M3MEHEHUSIMI
MeTeopoJIorniyeckux Gaxropos. Mckmouennem 3mech 6b11 Sula leucogaster. dror daxt
MOYKHO OOBACHUTh HEOOJIBIION AMIUIMTYIOH M3MEHEHHS WOTOABI B TPOIMKAILHBIX
pationax. Cpenu 42 ciiyuaeB CyIIECTBEHHO CTATUCTUUECKOH CBSI3H MEXIY KOJIMUECTBOM
WCCIICOBAHHBIX BUIOB IITHI] U 3HAUYCHHEM IIOrOJHOrO (HaKTopa, TOJBKO B 5 CIydasx
CYLUIECTBOBAJIA CBSISh MEYKIY aKTYaJIbHO JEUCTBYIOMUM (haKTOPOM IOTOIbI M KOJIMUECTBOM
ITHI. B OCTaBHEIX CIIyuasx M3MeHEHHe SHAUEHUS TIOTOIHOr0 3JIEMEHTA MIPEeIIeCTBOBAIIO
U3MEHEHMIO KOJIMYECTBA ITHL MJIM MPOMUCXOMMIIO NOCIE M3MEHEHMA KOJIMYECTBa IITHIL,

IToromupie (HaKTOPBI MOYKHO pA3[elUTh HA MAEUCTBYIOLHE MEXAHUUECKH — BETEp
U BOJIHEHUE IIOBEPXHOCTH MOpPHA, 00yCIaBJIMBAIONINE TIPOCTPAHCTBEHHYIO OPHEHTALMIO —
00JIa9HOCTD HEGECHOTO CBOJA M BHUMOCTb, JEHCTBYIOINE TEDMUUECKH — TEMIICPATYPA
 BO3/lyXd U TEMIEPaTypa IIOBEPXHOCTH MODS ¥, KaK OTACJIBHYIO IPYINIYy — HABJICHHE
armocepHOro Bo3ayxa, MMEIOLIee, KaK CIIEAyeT U3 OIBITOB, BTOPOCTEIICHHOE 3HAUCHYIC
PaBHO, Kak (aKTOp IPemONpefesAONni NpedblBaHue NTHI[, 4 TAKKe KaK (DaKTop
MOTYIIMA OPHEHTHUPOBATh YKUBOTHOE OTHOCHUTENIBHO BO3MOYKHOTO W3MEHEHUS IIOrOMBI.

Poct KoJIMUECTBA ITHI] OTMEYAIICS OOBIUHO B CBSISH C IPOXOMKIEHUEM 06I1acTell MOBhI-
LICHHOTO [ABJIEHUA, II4/I€HUE — IIOHKEHHOIO HaBieHus. B 00yacTsiX MOHMKEHHOIO
JABJIEHUS TIPOUCXOJUIT POCT KOJIMUECTBA NTHUL], HAXOMAIINXCS BOIM3M CyJHA U TIOJb-
3YIOIIMXCA BBIOPACHIBAEMBIMU OTIIAJKAMY.

B cBsA3u ¢ N3MEHEHUAMY KOJIMYECTBA ITHI], 3ABUCAIIUAMY OT U3MEHEHIMH TOTObI MOYKHO
roBoputh 00 IMOrOMHBIX MHUIPANMAX, LEJIBIO KOTOPBIX ABJIAETCA IIEPEMENICHME IITHI
B aKBeH C OJIATONPHUATHBINY (DUSHUECKUMH YCIOBHAMHE.

B ciydae nTHI YKMBYIIMX HA OKeaHe 9TO MMEET GOJIBIIIOE 3HAUCHUE B CBSISU C OTCYT-
CTBUEM BOSMOYKHOCTH YKPBITHS Iepe/l HeOIArONpUATHBIME IOTOMAHLIME YCIIOBUAMMI,
HAIIPUMED : IITOPMAMM HUIM [IEPHOJAMY THIUMHBI. B CBA3K C 9TUM THIIOM MEIDAIUH KOH-
CTATUPOBAHO Y MOPCKHX ITHI[ CHEHU(DUUESCKYIO OPHEHTAIINIO OTHOCUTEJIBHO IPHOIIMyKa-
IOIIMXCST MOrOMHBIX M3MEHeHuid. Peaxius ITHII OIlepayKaja MSMEHEHHE HEKOTOPLIX
HOrofHbIX (hakTopoB make Ha 48 wacos. CylleCcTBOBaHUE MEXAHM3MA BbLISHIBAIOIIELO
Gostee PaHHIOI TOOBIYY MH(OPMALKMH HANPABICHUA M3MEHEHMS IOTOJLI B OymyIIeM,
C I[OMOIIBIO METOAMKM HIPUHATON [pY BBIIOJHECHUH 9THUX HCCIEHOBAHMN HE YHaIoCh
ycragosuth. B VI paspmere mpomymano BOSMOYKHOCTH IOrOJHON OPUEHTANME Y ITTHI]
B CBSfSH C USMEHEHMEM 3JIEKTPOMArHUTHOI'O IOJIA BO30YIKIAEMOr0o, MEMKIY IPOUMM, BoO
BpeMsA IepeMelleHust GpoHTos.

B cBasu ¢ o0Hapy KEeHHOH CBA3BIO BCTPEUAEMOCTH OTJEJIBHBIX BUIOB IITHI] C OUpEme-
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JIEHHBIMI 3HAYICHUAMI IIOTOAHBIX (DAKTOPOB MOYKHO aHAJTIOTUIHO TIPMHATHIM B SKOJIOTHH
TIOHATHAM, TOBOPHUTH TAK)KE O MOTOLHOM OHOTOIE MJIM CPENE, KAaK OJHOM U3 IJIABHBIX
(baKTOpOB NPEIOTPENENAIONMX PA3MEIEHUe IITHI] B TIPEAETaX Ieorpadudeckolt 30HBL,
3aHUMAEMOI BHIOM.

ITo KOMILIEKCOM aHTPONOTEHHBIX (DAKTOPOB CIEAYET MOHMMATD HATHUHE cynHa
NpeOhIBAIOIEr0 B MECTaX JIOBJIM PBI6. Bce BHIBI ITHII BIATBIX B 9T0i paGoTe BO BHU-
MaHIe TOJIb3OBAIUCh CY/THOM, KAaK MECTOM B OJIM3H KOTOPOIO MOYKET HAaXOMHWTHCI KODM.
Onmaxo ne Haiijieno ofmieil 3aBYICHMOCTH MEKTY KOMIUECTBOM CyLEH U TIPOU3BOTUTE b~
HOCTBIO JIOBJIM DBIO, a TaKyKe KOJIMYECTBOM ITHI] B OTHEJIBHBIC IIHU.



Plate IX

Phot 1. Birds accompanying a trawling vessel. North Sea, August 1968
Phot. 2. Birds approaching a trawler while the net with fish is being drawn in. North Sea,

August 1968
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Plate X

Phot. 3. Great Black-backed Gulls picking up food from the sea surface. North Sea, August
1968

Phot. 4. Birds feeding at the back of trawler. Atlantic, in the region of Newfoundland and
Labrador; March 1968
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Plate XI

Phot. 5. Fulmars in search of food at the outlet of the drain of the fish processing plant. Atlan-
itic, in the region of Newfoundland and Labrador; April 1968

Phot. 6. Kittiwakes cathing fish which have got out through the meshes. North Sea, Septem-
ber 1968
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