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Abstract. Under conditions of heavy cloudiness and during rains the activity phase of
Streptopelia decaocto, Passer domesticus , Turdus merula, Sturnus vulgaris, Pica pica
and Corvus monedula underwent a shortening — the morning departures from the roosts
happened later and the evening arrivals earlier by about a dozen to several dozen minutes
than on cloudless and rainless days (statistically significant differences). On days with
morning temperatures below 0° C the Collared Doves, House Sparrows and Jackdaws left
the roosting sites about a dozen to several dozen minutes earlier than they did on days with
morning air temperatures above 0°C, when extended the activity phase of these birds. Un-
der the conditions of persisting cloudiness and rainfall the species under study started and
finished their daily activity at an illumination lower than that on fine days. On the other
hand, when short-lived bright intervals and breaks in rainfall occurred at the time of morn-
ing departures from the roost and during evening arrivals, the beginning and end of daily
activity took place at a higher illumination than on cloudless and rainless days.
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[. INTRODUCTION

The objective of the presented work was to get to know the effect of weather factors (cloudiness,
rainfall, fog, wind and air temperature) upon the beginning and end of daily activity in urban popu-
lations of the Collared Dove Streptopelia decaocto (FRIVALDSKY,1838), House Sparrow Passer do-
mesticus (LINNAEUS, 1758), Blackbird Turdus merula LINNAEUS, 1758, Starling Sturnus vulgaris
LINNAEUS, 1758, Magpie Pica pica LINNAEUS, 1758) and Jackdaw Corvus monedula LINNAEUS
1758 in Stupsk. The beginning and end of daily activity determine the length of the activity phase of
birds and belong to the constant elements in the daily rhythm of these animals all through the year
(ASCHOFF & WEWER 1962).

The daily and annual rhythms of birds are endogenously controlled by their biological clocks,
whereas the rhythm regulators are cyclic changes in the lengths of day and night , which in the tem-
perate zone belong among the dominant exogenous factors controlling the times of the beginning
and end of daily activity in successive months and the annual life-cycles of these animals (ASCHOFF
etal. 1962, WEWER 1962, ENRIGHT 1966, BERTHOLD et al. 1972, GWINNER 1975, 1986, GWINNER
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& ERIKSSON1977, BERTHOLD 1984, 1987, BINKLEY et al. 1985, KLEIN et al. 1985, BAIRLEIN 1986,
BINKLEY & MOSHER 1986, DAVSON 1986, POHL 1988).

The distinction of the influence of exogenous phenomena from that of endogenous processes
upon the daily and annual rhythms of animals living in the wild is very difficult, because both these
groups of factors act upon the organisms complexly and, besides, in the free-living populations of
birds there exists remarkable individual variation regarding their response to environmental stimuli,
which is confirmed by the results of experimental studies (ASCHOFF 1958, 1960, GWINNER 1971,
1975, DOLNIK 1975, 1976, BINKLEY 1977, HALL et al. 1987, SZyMCZAK 1987a, GORSKA 1992).
Despite these difficulties the results of field studies on the activity of animals make it possible to
verify the opinions made mostly on the basis of experimental works and to explain the unknown
ecological aspects of the circadian thythms of living organisms (CYMBOROWSKI 1975, 1984).

II. STUDY MATERIAL, AREA AND METHODS

Studies on the annual cycle of daily activity were made at the roosts of free-living populations of
the Collared Dove, House Sparrow, Starling, Jackdaw, Magpie and Blackbird in Stupsk (SW Po-
land, 54°28’ N, 17°10” E) in 1974-1977 and 1992.

The common roosting-site of Collared Doves, House Sparrows, Starlings and Jackdaws was
situated in lime trees Tilia sp. growing along the busiest streets in the central part of the town, where
heavy traffic lasted from about 6 am to about 9 pm everyday except Sundays and holidays. From
250 (June) to about 1100 (December) Collared Doves, from 130 (April) to about 600 (August)
House Sparrows, from 50 (May) to about 26000 (August) Starlings and from 200 (April) to about
2800 (September) Jackdaws gathered there for rasting (cf. GORSKA 1991).

One of the roost-sites of Blackbirds under study was in a grove situated on the periphery of the
town — there the birds roosted in spruces Picea abies and pines Pinus silvestris. Neither the light of
street lamps nor the town noise reached that place. Another roost of Blackbirds lay not far from the
centre of the town, in an allotment area neighbouring upon the railway station and a busy street it by
lamps emitting the light of a 20-30 Ix intensity. Dozen Blackbirds or so roosted in either of these
places.

The roost of Magpies was located in a suburban grove, close to the roost of Blackbirds, in
spruces and pines, and about 30 birds spent the night there all the year round.

Inspections at the roosts were carried out at 7- to 10-day intervals (exceptionally the interval was
14 days). Each inspection consisted of a series of three observations made in the morning, in the
evening and in the morning of the next day (only in the case of the Magpie four observations were
made — in the morning and evening on two successive days). At each inspection the times of depar-
tures from and arrivals at the roost of the first and the last individual (or group of individuals) of par-
ticular species were recorded and the illumination at these moments was measured. The time of
depature of the first individual (or a group of individuals) was assumed to be the onset of daily activ-
ity of the populations studied, while the arrival of the last individual (or group) at the roost as the end
of the active phase (after BOHNSACK 1968). The illumination was measured every 5 minutes (from
the time of the onset of departures to the end of arrivals) at constant points which were not reached
by the light of the street lamps and the lit house windows. .

A luxmeter with a 0-50000 Ix sensitivity range was used

During each observation the data concerning the weather factors, including cloudiness, rainfall,
fog, wind and temperature were recorded.

The influence of weather conditions on the onset and end of the daily activity of birds was ana-
lysed , by comparing the times of morning departures on two successive days and the times of even-
ing arrivals on two days from the same half of the month. Only pairs of observations made under
clearly differing conditions in respect of the intensity of one of the weather factors (e.g. on one day
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the departure or arrival with a clear sky and on the other — during the rain) and they were designated
conventionally as “natural experiments”. Moreover, the data from two successive days (for depar-
tures) or two days in the same half of the month (for arrivals) obtained under similar weather condi-
tions were compared and these were defined conventionally as “controls”. Owing to this method the
influence of other external factors than the weather conditions on the results of studies were mini-
mized (among these the numbers of roosting birds changing in successive months and the lengths of
day-light periods — see GORSKA 1990, 1991).

Cloudiness was taken into account only in the cases when on one day it was 80-100% and the
sun disk was invisible and on the other day the sky was clear. Rainfall and fog were considered
when they occurred only in one of a pair of observations and reduced visibility to several or a dozen
or so metres. Since cloudiness, rainfall and fog usually occurred at the same time, their effect on the
activity of birds was analysed jointly. The influence of temperature was analysed for the cases when
on one of the days under comparison it was above 0° and on the other it was freezing, while the in-
fluence of the wind — if one observation of a pair was made with its speed exceeding 17 m/sec.
(about 60 km /hr ) and the other in windless circumstances. The data concerning the air temperature
and wind speed were obtained from the Hydrological-Meteorological Institute at Stupsk.

For the pairs of observations referred to as a natural experiment and for control observations the
influence of weather factors was set up in the form of means, which were compared in respect of the
factor under analysis and establishing the statistical significance of differences (Student’s t test or
Cochran-Cox’s test). No statistical calculations were applied when the number (n) of pairs of obser-
vations in an experiment or control was smaller than three. The small number of observations used
in analysing some factors was due to causes beyond the observer’s control, because the changes in
the weather from day to day usually occurred as a complex unit (very rarely two successive days dif-
fered in only one factor), unchanged conditions subsisted for several days in succession and, be-
sides, the weather often changed in the course of the morning or evening observations. The effect of
the weather factors on illumination at the time of the morning departures and evening arrivals was
analised by comparing percent differences in illumination for pairs of observations carried out un-
der different weather conditions with the mean differences from the pairs of observations conducted
on days with identical or similar weather conditions. The differences in illumination are given in
percentages, because in the annual cycle it changed in all species by several orders of magnitude
(see GORSKA 1991); in this connection the calculation of means from absolute values and their com-
parison made no sense.

Since the intensity of natural light during the day-time depends to a great degree on the sky over-
cast, intensity of rainfall and also the density of fog, in order to analyse the impact of these factors on
illumination at the time of departures and arrivals, three variants of the action of these phenomena
were distinguished: cloudiness or rainfall persist from early morning to late evening hours with a
great and unchanging intensity; — temporary bright spells occur during departures and arrivals; — a
rapid and lasting bright interval takes place just before or during departures or arrivals (a leap by
several hundred and even several thousand luxes), caused by the dissipation of clouds by the wind
and the appearance of the sun.

The methods applied did not allow a regular assemblage of data for all the species and questions
under analysis. The richest material was collected for the influence of cloudiness, rainfall and fog on
the times of departures from and arrivals at the roost and the illumination accompanying them. Con-
siderably fewer data were attained as regards the influence of the wind and air temperature.

[II. RESULTS

At the time of heavy overcast, intense rainfall and dense fog the departures from the roost were
observed to be delayed (Table I). A similar effect at the onset of the daily activity of the Collared
Dove, House Sparrow, Magpie and Jackdaw was produced by the gale(Table II). During the heavy
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Table I

Cumulative effect of cloudiness, rainfall and fog upon the delay and lengthening
of morning departures of the bird species roosting in Stupsk. Explanations: mean val-
ues of times and lengths of departures from the roosts (in minutes) for pair of obnser-
vations carried out in different conditions (natural experiment) and for pair of
observations not differing in in the degree of cloudiness, intensity of rainfall and density
of fog (control). Explanations: (+) delay and (—) acceleration of departures in compari-
son with tha times of sunrise and (<) lengthening and (>) shortening of the departure
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Corvus . B < L L5 1 NS (CC)
End +35.0 | 286 7 25 10 9 <0.05 (CC)
monedula p<V.
Length <38.2 314 7 1.6 1.9 5 19 p<0.05 (CC)

overcast, rainfall, and dense fog as well as a gale the birds started and ended the morning departures
from a dozen or so to a few dozen minutes later than they did on the day when these factors did not
occur (e.g. with the sky overcast and rainfall the Collared Doves started their departures on the aver-
age 19 and ended 36 minutes later). Besides, the departures under such weather conditions lasted
several dozen minutes longer in comparison with those on fine days, which was particularly distinct
in the Jackdaw (on the average 38.2 minutes longer). Earlier departures from the roosts were found
in the Collared Dove, Sparrow and Jackdaw on the days with below-zero temperatures in the morn-
ing hours. The departures began a dozen or so minutes and ended even 20 minutes earlier as com-
pared with the mornings with above-zero temperatures (Table I1).

The evening arrivals at roost were earlier in all the species under study and lasted longer on days
on which in the afternoon and in the evening the sky was heavily overcast or when it was raining



