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Abstract. In the Rzepin region the arrival of Woodlarks falls at the end of February
and in the first half of March. They take possession chiefly of young pine plantations as their
territories and the situation of their nests is to a great extent connected with the distance
of the adjacent timber forest. They, as a rule, nest once a year, mostly in May and June.
The nest is constructed by the female alone. It lays 2—6 (on the average 3-97) eggs. The
average measurements of eggs are 20-63x 15-77 mm. Fourteen-day egg incubation is per-
formed by the female only. After the hatching of the young the egg-shells are eaten by the

~ parents and so is the greater part of the faeces of the young. Nestlings are fed by both the
male and female. They leave the nest between the 10th and 13th day of life; next they keep
to small family flocks. The birds depart from the region at mid-October. Their main food
constituent consists of insects (larvae and imagines), among them a large number of forest
vermin; these are followed by spiders and seeds (chiefly those of pine and grasses). Losses
of eggs and nestlings are remarkable. The mean number of fledglings leaving the nest is 1-85.
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I. INTRODUCTION

A great many authors wrote about the Woodlark, but I shall name only
those who gave extensive and close studies to its biolog gy, i.e., KOFFAN (1960)
in Hungary, KRAMPITZ (1952) in Germany, KocH (1936) in Holland, LABITTE
(1958) in France and STEINFATT. (1939) in the U.S.S.R. The publication by
KoFFAN (0. c.) is particularly worthy of mention. He devoted 18 years of his
life to the study of Woodlarks, giving special attention to population problems.
He was also the first to study in detail the structure of their nests and nest-
holes in the ground. KRAMPITZ (1952) laid stress on the ethology of the Wood-
lark from its arrival till the time when the young have left the nest.

No detailed papers on the biology of Woodlarks have hitherto been pub-
lished in Poland, and the results obtained by the above-mentioned authors
are not always compajmble with each other. For this reason, at the suggestion
of Prof. J. SoxorowskI, I took up the study of the biology of Woodlarks and
carried it out at Rzepin, near my habitation.

I wish to express my gratitude to Prof. J. Soxorowsxkr for his interest
in the progress of my study and valuable instructions. I am also indebted
to Doe. Dr J. PINowsKI for giving me the opportunity to get acquainted with the
literature of this subject and advice. I also thank Mr. Mr. B. ALEKSANDROWICZ,
J. BRONOWSKI, J. CzWOJDRAK, K. DANIELUK, R. DOMIERADZKI, W. GLINKA,
B. JAKUCZUN, S. KA0ZOR, K. KANEOKI, F. K1imAszEWsKI, W. KoSTKA, J. MI-
KAJEWSKI, W. MoMor, Z. OsmO1skr, T. PampucH, L. Pmo, L. RACHWAE,
A. SACHANBINSKI, A. SICINSKI, K. SIERAKOWSKI, C. SIERPINSKI, J. SOBIERAJ,
M. 8674, B. WipCKOWSKI, S. Woscmecrowsk: and L. ZIOLKowsk1 for their
enthusiastic assistance during my field studies.

II. METHOD

In the years 1962—1966 I examined more or less in detail 51 pairs of birds
and 31 nests. Eleven nests were covered by continuous observation, lasting
from dawn to dark. I watched them from a blind placed 1:0—2:0 m. from the
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nest (Phot. 1). One nest (No. 15) was watched from ‘a blind situated at the
edge of a young stand 12 m. from the nest so as to check the method used.
The construction of blinds was based on materials given by Busse (1960)
and GRACZYK (personal communication). In the pre-nesting period the birds
were watched 1. from among the tress surrounding the area occupied by them,
2. from blinds situated in different places in such areas, and 3. keeping quiet,
from an nnscreened stand at the edge of the area. This last manner appeared
to be the best in the pre-nesting period. I used 10 X 50 and 16 x 50 fieldglasses
for watching. In order to discover the site of a nest or to flush Woodlarks
from their feeding grounds, I and my co-workers walked scattered, combing
the area.

Watching was done for 35 daylong and 5 half-day periods (575 hours)
at the time of incubation and for 80 daylong and 6 half-day periods (1240
hours) during the nestling stage, the total time of continuous watching being
more than 1800 hours. This figure does not include a large number of days
devoted to watching before and after the nesting season.

Tiggs and nestlings were weighed using semi-analytical field scales to an
accuracy of 20 mg. generally at the same time of day, namely, in the afternoon.
The time was chosen so as to frighten the females least.

Food provided by the birds to their nestlings was determined by direct
observations of feeding. The results obtained were next checked by the Kruti-
VER (1933) method, i.e., by determining food components taken out of nest-
lings’ gullets. At the same time, observations made from_blinds rendered it
possible to determine the size of rations given the young by their parents.

The quality and quantitative composition of material used for nests was
examined after the young birds had left the nest, whereas measurements of
nests and ground-holes were taken in the field at the time of particular stages
of building.

III. HABITAT

The woods of the Rzepin region are fairly uniform and make up a complex
of pine forests, which spread over an area of some dozens of square kilometres,
including the forestries of Rzepin, Stubice, Radzikéw, and Polska Wola in
the Stubice-on-Odra District, Zielona Géra Province. My investigation covered
the forestries of Stubice, Radzikéw and Polska Wola and continuous watching
was conducted in the forestries of Raclawice and Zielona Géra, which belong
to the Forest Administration District of Polska Wola. Owing to the poor
differentiation of soils, the pine forests of these regions are very much alike
in the nature of crops. Slightly moist soils prevail here, sands with a very small
admixture of clay, on which even-aged one-species pine forests grow. There
is only a small proportion of the oak in the undergrowth.

The intensification of wood exploitation after the war caused a remarkable
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increase in the felling area, which brought about ecological changes favouring
the nesting of larger numbers of Woodlarks.

Immediately after a forest has been cut down, trunks of trees as well as
piles of logs, slivers, and branches are left scattered all over the area and the
ground is littered with twigs broken off at the time of felling. Such areas do
not yet form suitable breeding conditions for Woodlarks but, being inhabited
by lots of insects and spiders, provide them with abundant food supplies.
Later on, the preparation of soil and afforestation successively change the
nature of environment, creating nesting conditions first for birds typical of
steppes and areas covered with detritus (e.g., Skylark and Wheatear) and
next for forest birds. The Woodlark, as a forest-steppe species, finds particularly
favourable conditions here.

Table I

Phytosociological Record of a 3-year Pine Plantation with an Area of 100 Sq. M. (state at
the end of March, before the commencement of vegetation)

Pl No. of Total Surface Area Percentage Share in the
art Tufts Overgrown, in sq. m. | Plant Cover of the Area
Carex ericetorum 55 4-540 64-1
Luzula campestris 80 1-412 199
Dactylis sp. 2 0-251 3.5
Calluna vulgaris 7 0-496 7.0
Festuca oving 22 0-173 2:5
Deschampsia flexuosa 18 0-141 1-9
Juncus Sp. 2 0-063 0-9
Hypericum perforatum I 0-009 01
Weingaertneria canescens 1 0-005 0-1
Total 188 7-089 10009,
Table II
Plant Species Serving as Shelter for Woodlarks’ Nests
Plant Species Sheltering Nest No. of Nests | Percentage of All Nests Examined
Deschampsia flexuosa 3 10-3
Calamagrostis epigeios 1 35
Festuca ovina 2 6-9
other Gramineae 10 345
(grasses altogether 16 55-2)
Carex ericetorum 9 31-1
Vaccinium myrtillus 2 6-9
Pinus silvestris 1 34
Carpinus betulus 1 34
Total 29 100-09%,




65

The clearings are put to afforestation. In the first year the soil is prepared
by paring the turf off by means of a plough in long parallel strips running
right across the area, 1-20 m. apart. The pared-off pieces of turf cover the
green strips of vegetation left between them. Thus the whole plant cover of
the floor of the cut-down forest becomes destroyed. In the year of forestation
no other plants grow in this area. Tufts of vegetation do not appear on the
strips of pared-off turf till the next year, when Luzula campesiris, Carex eri-
cetorwm, Festuca’ ovina and F. rubra are the first to spring up. In the second
year after the planting of pines the vegetation consists of Luzula campestris
(35%), Carex ericetorum (50%,) and Festuca (159,). At the same time Rumex
acetosella appears in the interspaces. Deschampsia flexuosa, Juncus, Weingaert-
neria canescens, Calluna vulgaris, Hypericum perforatum, ete. add to the com-
position of the plant cover in the next years. In some plantations Chamaenerion
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Tig. 1. Effect of the age of pine plantations on the distribution of Woodlarks’ nests. The
thick line represents the number of nests, the thin line the height of pines

angustifolium appears in masses in the third year. The share of Carex ericetorum
increases to the extent that it forms strips, some dozen metres long, in both
nooks of ploughed-out furrows. Table I shows the results of a phytosociological
record of this environment. Last year’s dry tufts of Carew ericetorum form
almost only shelter for Woodlarks’ nests in some plantations early in the spring.
Table II shows the degree to which various plants partake in the screening
of nests of the Woodlark.

In the next years the young pines grow bigger and bigger and Woodlarks
nest only in gaps left between them and caused by, e.g., faulty planting, the
action of harmful insects, ete. as well as near roads, paths and forest vistas.
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In the end, however, the height of trees is such that they interfere with the
orientation of birds so much that seven-year plantations are completely
avoided by them. The Woodlark finds the optimum conditions in two-year
pine plantations, i.e., in the third year after the felling of the old crop. In the
next years the number of birds nesting in them decreases gradually (Fig. 1).

The Woodlark distinguishes itself from other species of the family by its
habit of perching on tree-branches, serving it as observation posts, from
which the male has an extensive view of the surroundings. For this reason
the presence of such trees is one of the conditions of the choice of a nesting
territory. Out of the trees growing in pine plantations, the small leafless ones
with possibly horizontal thin twigs, suitable for the bird to take hold of with
its toes, best fit the purpose. Such trees must overlook the surroundings, which
condition is fulfilled, e.g., in the case of a young oak-tree, one metre and a half
high, in a 3- or 4-year pine plantation. The Woodlark avoids young birches
almost entirely because of their slantingly growing branches. Where there
are no suitable trees within the plantation, the males readily perch on those
of the surrounding timber forest or the neighbouring avenue trees. They show
a preference for old pines or birches with smooth branches devoid of needles
or leaves. For example, dead twigs of a pine stricken by Cronartium asclepiadewm
are favourite places.

An important factor bearing upon the choice of a territory by a Woodlark
is the area of such clearings. The bird avoids small areas situated amidst an
old high and close forest. Large areas surrounded by low young growths are
occupied merely peripherally. Only the Skylark occurs in the middle of such
large clearings, at a distance from the high forest, whereas the Woodlark nests
close to its edge.

Two-year pine plantations, averaging 2—4 hectares in area and adjacent
to an older forest on at least one side, were the optimum biotope occupied
by the Woodlark in the Rzepin Forest. A special preference is shown for plan-
tations with several young trees dominating over the surroundings.

The foregoing environments inhabited by the Woodlark in the Rzepin
Forest do not as a rule differ in character from those described by other authors,
e.g., KorrAx (1960) and SoxorowsKI (1958). The pine plantations under de-
seription constitute a similar type of biotope for several consecutive years
in spite of changes brought about by succession in the composition of their
herb layer at the same time. This lasting nature of the biotope is emphasized
by BrUNS (1956), KorFrAN (1960), and WITHERBY et al. (1948) as one of the
conditions for occupation of nesting territories. BRUNS (0. ¢.) reports the nesting
of Woodlarks in vineyards and orchards, which environments of the cultivated
landscape fulfil the condition of stability of the biotope and at the same time
provide many convenient observation posts. The importance of these details
for the occurrence of the Woodlark is also stressed by KRAMPITZ (1952) and
LEUuTZINGER (1955).
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IV. SPRING ARRIVALS

The Lark is the earliest of the Polish breeding birds returning from their
winter-quarters. According to TACZANOWSKI (1882) and SOKOLOWSKI (1936),
the Woodlark returns somewhat later than the Skylark. In the Rzepin region
the appearance of Woodlarks falls for the most part in mid-March. The date
of arrival depends on weather conditions, especially on the subsistence of
snow cover (Table III).

Table III

Dates of Arrival of Woodlarks and Skylarks in the Rzepin Region against the Background
of Weather Conditions

Dates of Arrival of the First Difference Weather Conditions Preceding
in Days the Arrival of Birds

Woodlarks Skylarks

17. 3. 1962 4. 3. 1962 13

13. 3. 1963 7.3.1963 6 6—8:3. snow cover, lying

for 73 days, is thawing

14. 3. 1964 25. 2. 1964 18 frost up to 12.3.
14. 3. 1965 — =

21. 2. 1966 20. 2. 1966 1 20.2. thaw

26. 2. 1967 18. 2. 1967 8 11.2. thaw

The arrival of Woodlarks is hard to notice. They return in flocks, keeping
silent. When disturbed, they deliver a trill, completely unlike the alarm call
of these birds after they have been paired. Only a thorough inspection of the
area makes it possible for the observer to determine the time of their arrival.
It is not before the sun warms up the air that the males begin to sing short
phrases, become offensive to each other, and visit the breeding area. Each
year I observed flocks of Woodlarks in feeding grounds first, and next single
males in breeding areas. Feeding in flocks was observed in the same places
as in the autumn only that the birds showed a slight preference for pastures,
meadows and winter-corn fields and avoided fallows, stubbles, and slopes of
railway embankments. In the first week following the arrival of flocks, males
may be seen regularly while flying over the last year’s breeding areas. In one
of the plantations I observed 2 Woodlarks standing side by side as early as
February 26 in the year 1966. Unfortunately I was unable to judge from their

.behaviour whether they were a mated couple or two males. In the second
week after arrival the first males usually occupy their territories. In the third
week half the males have already female mates.

A sudden deterioration of weather conditions, e.g., a fall of snow that
occurred on March 12 and 13, 1966 made the Woodlarks move to the suburban
areas. On March 15—16 the persisting unfavourable conditions (5-centimetre



68

snow layer and cold wind) caused the formation of parties of 10—12 specimens
each, though the birds had already associated in pairs before. These parties
left the breeding haunts and approached the farm buildings, but they were
never seen in the farmyards. When the weather became warmer again, the
parties broke up and the birds returned to the territories occupied previously.
NAUMANN (1900) published analogous observations made in this very region
(Rzepin) on March 18—25, 1887.

V. CHOICE OF TERRITORY AND PAIR FORMATION

The nature of habitats chosen by Woodlarks in the Rzepin Forest has
already been discussed in Section ITI. I observed the order of precedence in
which the males took possession of particular areas. First they occupied old
breeding territories or younger plantations adjacent to them. These were
therefore 2- and 3-year-old pine plantations in the neighbourhood of felling
sites, e.g., those under power lines. In such places singing males could generally
be seen as early as 10 days after their arrival. Somewhat later they occupied
areas uninhabited by Woodlarks in the previous year, as then these areas
had not fulfilled the necessary conditions yet. They were new 2-year plantations.
Next, usually in April, when the best terrains had already been occupied,
the remaining males settled down in places which hardly met their requirements:
old brushy felling sites, often very small in area, or older and so higher plan-
tations. In the last case the plantations served as feeding grounds and the
nest itself was sited out of them. These territories may be exemplified as
follows: a 16-are area left after the liquidation of a tree-nursery bordering
on a 6-year pine plantation, an old pine forest in the neighbourhood of 9- and
1-year plantations, a discontinuous timber-forest and, in the end, a 30-are
4-year plantation situated among young pine stands, more advanced in age.
In these areas males appear and find their mates latest. In two extreme cases
males were mateless up to the end of May.

After arrival the males keep silent and the commencement of singing is
controlled by weather, especially by day temperatures. At first they sing
slightly, utter short phrases, and fly over the territory from one side to the
other. Lastly, on sunny days they proclaim the occupation of the territory
with continuous singing and flying large circles round it.

The size of Woodlarks’ territories ranges from 20,000 to 30,000 sq. m.
and thus it is 3 times as large as that of Skylarks (7,000—11,000 sq, m.) in
the same region. A: medium-sized plantation, up to 3 hectares in area, was
usually occupied by one male, whereas larger plantations, 3—5 hectares, were
shared between two males. In the Rzepin Forest such plantations have generally
the shape of elongated rectangles. If they are occupied by two males, the
boundary between their territories runs along a’ diagonal. The neighbouring
males sing without regard to each other and rarely drive each other off on
the border, but the appearance of strangers in their territories usually stops
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them from singing and they drive the strangers away. The notes uttered by
the birds when they chase each other are more grating and coarse and ac-
companied by the clacking of bills.

Towards the end of March females appear in the territories. At first the
male responds to the appearance of a female by stopping its song, it dives
towards the female and drives it away. In the end, however, it allows the
female to stay in its territory. From that moment the male takes to the air
rapidly and after singing always alights by the side of the female. The united
pairs do not part for a while. The intensity and continuity of singing, as well
as the height which the birds reach, when they are on the wing, are smaller
than before. The main activity in the daytime, apart from the male’s singing,
is the exploration of the territory occupied. The larks look under almost each
tuft, feed and peck about it. The female evidently plays a leading part
and is followed by the male, which stops at higher spots, on a tree-stub, clod
or stone, to examine the area. They, besides, behave so quietly that it is hard
to notice them. It is only when the male sees danger, e.g., a man at a distance
of 20—30 m., that it utters alarm calls, to which the female replies.

The behaviour of males in connection with their occupation of territories
described by KrAamPpITz (1952) is analogous with that presented above. In his
description of pair formation this author directs attention to the fact that
the female, when driven off at the first meeting, retreats to a neutral area
for a short time.

The pairing of Skylarks Alauda arvensis proceeds in a similar manner
(DeLIUS, 1963; PATZOoLD, 1963).

VI. NOTES AND SONGS

1. Notes

A. Call note. This is the best-known note, by which the Woodlark can
be recognized at any season of the year (Soxorowskr, 1925). The bird utters
these notes in its own territory and in visited places, onthe wing and at its ob-
servation post, when foraging, resting, incubating eggs, feeding and leading
nestlings, and after the breeding season. The call consists of two, exceptionally,
three syllables, but its monosyllabic variant can also be heard. It is difficult
to transcribe these notes, as they vary even in the same bird and sound once
d’dlui, Vtlwiii and dy-tlui,, another time tew leet or only fragmentary dli, tli,
and lui. The intensity of the call notes varies with the distance between the
two birds; in the vicinity of the nest the call is inaudible at a distance ex-
ceeding 5 m. The variants dli, tli, and lus prevail in these calls, uttered in a very
low voice. The male calls lowest, when it perches in the watch-tree in the close
neighbourhood of the nest; the female delivers the lowest notes, when it is
having a day nap in the nest.
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B. The alarm call resembles the call notes, from which it is distinguished
by accent. The bird stresses the last syllable and does it the more strongly,
the more excited it is. In such cases the alarm call often consists of 3 syllables,
of which the two final ones bear the accent. It sounds like didluiit, tch’tui,
or t'tluilwit, the form tch’tus being the commonest. The first part does not
resound for a long distance, but the ending wii is very sonorous. The birds
usually utter these notes from the ground, less frequently on the wing, mainly
in their territories and particularly often in the period of fights of males for
territories. In the transcription presented by German authors (NAUMANN,
1900; NIETHAMMER, 1937, and others) the call didloid is often repeated. This
record does not render the actual sound. WITHERBY et al. (1948) interpret
it better as tituit and Vorer (1940) as digliht.

C. Call of anxiety. At a distance from the nest and after the breeding
season. this note is heard only sporadically. Along with the call note, this is
the commonest call given by birds, when they approach the nest with food.
It is particularly often uttered by the male coming to the incubating female.
Both birds answer each other using these notes and then pass to the call notes,
as they get reassured. The call of anxiety is dissyllabie, has a falsetto sound,
and undergoes no individual variation. It is not sonorous. Its first part is lower
than the second, and it may be most accurately recorded as pritee,

No special notes are produced by Woodlarks when they are in the state
of evident fear, which they express by an alarm call or that of anxiety, or
most frequently by both these notes delivered alternately.

D. Call of anger. The Woodlark manifests anger relatively rarely. The
call of anger can oftenest be heard when males chase each other from their
territories in the presence of the female and when they fight against the birds
of other species (Starling, Yellow-hammer). It resembles the hiss of young
Starlings, is harsh and occasionally ends in a clack of the bill.

E. Flock call. In the period when Woodlarks gather in flocks, they express
their fear by a trill which may be derived from the first part of the call of
anxiety presented above and may be described as a peerrr. After a call of one
of the birds the rest usually join in and take wing. This is thus an alarm call
and at the same time a signal for departure.

2. Songs

A. Analysis of song — its components. On the basis of the motives used
in the song of the Woodlark I have distinguished 5 phrases in it. They differ
not only in sound but also in rhythm:

1. Slow low dissyllabic motives di lee, de lee, de lee, d’lee d’lee...

2. Somewhat faster high dissyllabic motives dee yah, dee yah, diyah,
diyah, dyah...
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3. Low monosyllabic oo loo loo loo loo...

4. Higher monosyllabic dli dli dli dli dls...

5. Fast trill lililililils...

Figure 2 shows the percentage share of the particular phrases in the song.
As will be seen from it, the monosyllabic phrases form 50—819, of the song
and the dissyllabic ones 19—419,. The share of the trill is the smallest (0—99%,).
The high monosyllabic phrases dli dli dli are the commonest (40—459,) and
followed by the low monosyllabic phrases loo loo loo in respect of frequency.

The number of motives in a phrase fluctuates, which may be exemplified
by the results obtained for 40 phrases of tree songs of one and the same male
(Table IV). It appears that the mean numbers of dissyllabic motives in the
phrases are the lowest (6-9), the high monosyllabic motives dli dli dli having
the highest mean wvalue (11-2).

The time taken by the same male to sing each of the 32 phrases measured
is given in Table V. The differences in time are remarkable and reach 19
seconds. The arithmetic mean calculated from the differences is 9-7 seconds
and the commonest duration of a phrase (modal mean) is 8 seconds.

Table VI illustrates the succession of phrases in a few different songs of
the Woodlark. It suggests that there are no distinct rules governing the se-
quence of phrases.

Listening intently to a song of the Woodlark one can find its resemblance
to some phrases of the songs of the Tree Pipit and Iterine Warbler. However,

Table IV
Number of Motives in Particular Phrases of the Same Male Singing in a Tree
No. of Motives in Phras
Xie it SR b No. of Measure- Arithmetic
Kind of Phrase 0 Mean (M)
5/6|7|8]|9|10]11|12{ ments (N) S
dissyllabic 4SS e [0 T el e 13 6-9
looloolooloo Sl e d Sl T e 147 7-6
dlidlidlidli —— === 2 |— 4 11-0
trill —|—|—l 11121 6 10-2
Table V

Duration of Phrases in the Woodlark’s Song

Duration of One Phrase
(in sec.) 4|5(6|1]8|9(10/11|12(13|14|15|16(17[18|19 Total
No. of Phrases 1hal gl | el Gl Ll B3 e B e On ol et T Tl AR LGl 92l e i 32

Mean duration M = 9-7 sec.
Commonest (modal) duration M, = 8 sec.



Table VI

Order of Precedence of Phrases in the Song of the Male Woodlark
Phrases: 1 — di lee, de lee, de lee, d’lee, d’lee...
2 — dee yah, dee yah, diyah, diyah, dyah...
3 — Too, loo, loo, loo, loo, loo, loo...
4 — dli, dli, dli, dli, dli, dli, dfi...
5 — trill: Llililililili...

Different songs
[ hr il d i S Sl 3 by
Rl i R e R
Tedod oA 4w de s A3 o 20 3 0 A S S ARsib o BEESEE Tenee 4
4o Al O h el Ll i Ol D e 3L,
diisiliaa dnt 25 uridisn ey, 35adbkad e 2 e 0
o e 3nmadennd einbined nd oy id i g o8k

the influence of the Woodlark’s song on the songs of other birds from the same
environment observed in this region is remarkably greater.
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Fig. 2. The share of particular phrases in the Woodlark’s song. The upper graphs refer to

songs in flight, the lower ones to tree songs. N — number of phrases in the whole song analysed,

1 — slow low dissyllabic motives, 2 — somewhat faster high dissyllabic motives, 3 — low
monosyllabie, 4 — higher monosyllabic, 5 — fast trill (see page 70-—71)

The division of the Woodlark’s song into phrases and motives presented
above agrees with the results obtained by VOIGT (1940). The existence of 5
motives and practically endless possibilities of combinations of various phrases
(cf. Table VI) contradict the opinion put forward by Hrinrorm (1926) that
the song of this bird is poorly diversified.
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Considering the similarity of the Woodlark’s song to those of other birds,
KrAmprrz (1952) writes about its imitation of notes of the Swallow, Great
Tit, Skylark, Chiffchaff, and even of a whole scng of the Tree Pipit. In the
Rzepin Forest all the male Woodlarks repeat a phrase similar to one of the
phrases of the Tree Pipit. It constitutes 10—199%, of the song (Fig. 2). In the
spring this phrase can, in addition, be heard in the forest a few weeks earlier
than the song of the Tree Pipit, which seems to indicate the inherited ability
of the Woodlark to reproduce this phrase. The resemblance of a fragment
of the song of anxiety (see Point I of the present subsection) to some fragments
of the Icterine Warbler may be explained in the same way.

A

Fig. 3. The effect of the stages of breeding on the share of particular forms of singing: A — un-
mated males, B — after mating but before nest building, C — during incubation. 1 — song
from ground, 2 — tree song, 3 — song in flight

B. Song in flight. This is an essential form in which the bird proclaims
its presence in the period preceding pairing. This kind of singing is the com-
monest in and typical of all larks. It prevails both in single males looking for
females and in the first period after pairing, giving way to the tree song (song
uttered from a ftree) as late as the incubation period (Fig. 3). When rising,
the male does not start singing until it has transcended the height of the
neighbouring trees. This behaviour would indicate that the bird does not feel
safe low above the ground and, being originally a steppe species, recaptures
the feeling of security when it has ascended above the surroundings. The
singing male rises higher and higher and describes circles, 30—80 m. in diameter,
in which it differs from the Skylark. ,

The height of flight varies largely during a song. The upper flight limit
is 100 m. for single males and does not exceed 50 m. in the case of paired males.
The downward flight is not commonly as vehement as that of the Skylark.
The Woodlark usually begins to drop faster at the height of the tops of neigh-
bouring trees. The song in flight is often combined with the preceding or the
following song uttered from a tree or from the ground. The song in flight
usually lasts 2 minutes, which is true of both paired and single males. These
last can prolong their songs up to 70 or even 94 (!) minutes in the full singing
period. In several cases I heard songs lasting longer than 1 hour. There is no
other European bird that might boast of such a long and almost uninterrupted
song and, what is more, performed on the wing. According to KrRAMPITZ (1952),
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the differences in height of flight and length of song between a single male
and a paired one, being constant, permit the investigator to distinguish them
one from another.

The foregoing observations, concerning the rise in the song-flight, the com-
mencement of singing and the speed of dropping, thoroughly confirm the data
presented earlier by Voiar (1940), but the length of song now recorded con-
siderably exceeds all the records in literature (HEINROTH, 1926; KRAMPITZ,
1952).

C. Tree song. This form of singing distinguishes the Woodlark from the
Skylark. However, it does not become predominant until the female’s incu-
bating the eggs (Fig. 3). Then the male sings for the most part sitting on a twig
of the tree that constitutes its observation post.

The arrangement of phrases in the tree song resembles that in the song
in flight (Fig. 2) only that the intervals between the phrases are longer. Hence,
the number of phrases per minute is reduced by half, from 8:7 to 4-4. The
more sexual activity subsides, the more evidently the power of voice decreases.
In the incubation period the song becomes modified to the effect that it con-
sists of song fragments and call notes separated by long intervals. These phrases
are uttered in such a low voice that they are inaudible at a distance of more
than a few metres.

D. Song from ground. This song is performed by both single and paired
males. It is connected with their marking out territories and that is why it
vanishes when the female has incubated for several days (Fig. 3c¢). This song
is usually the first to ring, when the male awakes in the morning, and it is
also its last song before the day ends. When the weather is unfavourable it
replaces the song in flicht. The song from the ground is generally short, it
lasts from several seconds to 14 minutes, most commonly 1—2 minutes. The
intervals between particular phrases are longer, up to 1 minute.

E. Song during chase. This is a variant of the song in flight, uttered more
vehemently and alternated with calls of anger. It is stimulated by the ap-
pearance of anether male in the occupied territory at moments of intense
sexual excitement.

F. Song of anxiety. This is a variant of the previous song and is always
associated with danger threatenig from somewhere on the ground in the vicinity
of the bird’s residence. The bird utters this song, when it gets frightened by
a man approaching to a distance exciting its desire of escape. During the song
the female gives up its activity and remains dead still. In a while both the birds.
fly away. I have not heard this song outside the territory occupied by the
Woodlarks or before and after the breeding season. Neither was it released by
the sight of rivals or any other birds. In several cases, however, the male
started this song at the sight of the female leaving the nest.
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G. Song of females. It is sung by females which, when warming the nestlings,
are forced to get off the nest because of the approach of the male. The female
sings at a distance of 0-5—1-5 m. from the nest and interrupts singing to peck
excitedly at the ground or to trim its feathers energetically till the male has
left the nestlings. Trill phrases prevail in such a song and its measure is ac-
celerated. Hach phrase begins with a call note followed by a trill. From the
ethological viewpoint the song of females may be regarded as equivalent
to males’ song of anxiety. Only once I observed a male singing in a similar
manner near the nest, when the female reached the nest ahead of it to feed
the young. Females sing fragments of this song as early as the autumn, after
the first moult (HEINROTH, 1926). My observations show that this song was
sung from the hateching of young to the 10th day of their life.

Table VII

Influence of Drives on the Forms of Singing

Drive Defence of ; 2
Song\ Sexual Tortitors Fight Escape
e
in flight strong moderate moderate no
tree song moderate strong moderate wealk
from ground no moderate moderate moderate
during chase strong strong strong no
song of anxiety no moderate no strong
song of female no no weak - strong

The first five types of songs are delivered by males only. They are heard
in. the mating season and manifest the sexual drive of the singer, its desire
to fight or to run away. Males also use a song to proclaim the occupation of
a territory. Table VII shows correlations between the Woodlark’s drives and
the types of its songs.

3. 24-hour Rhythm of Singing

The twenty-four-hour pattern of singing is governed by the bird’s diurnal
activity. The numbers of songs performed in particular hours of the day are
different, as will be seen from Fig. 4. It shows that the Woodlark sings most
frequently in the morning hours, the maximum of singing occurring, earlier
in single males than in the paired ones. The singing intensity curve, or the
length of singing in minutes per hour (Fig.5), has a morning maximum at
7 o’clock in April and at 4 o’clock in June for single males (Fig. 6) and one
hour later in the case of males that have a mate. At the time of the morning
maximum the song lasts longest, it becomes shorter later into the day, often
taking less than a minute. Paired males stop singing almost entirely at 10 a.m.,
whereas the single males show a slight increase in the intensity of singing just
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Fig. 4. Numbers of songs in particular hours of day in the case of unmated (A) and mated
(B) males. 1 — song in flight, 2 — tree song, 3 — song on ground
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Fig. 5. Twenty-four hour pattern of intensity of singing in the case of unmated (A) and
mated (B) males in March. The total lengths of singing of particular males in given hours of
day are given on the ordinates. The solid line represents the mean for the given group
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before sunset, especially in May and June (cf. Fig. 6). Thus, the rhythm of
singing of the Woodlark differs from that of the Skylark, in which DELIUS
(1963) observed the maintenance of the same level in the daytime, or even
a certain increase in intensity up to 3 p.m.

Singing at night is another problem. At 10 p.m. on April 22, 1964 I hap-
pened to hear a short song of a male and again just after midnight on June 6,
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Fig. 6. Twenty-four hour pattern of singing of unmated male in June (one-day observations).
The blocks illustrate the length of particular songs. The broken line shows the intensity of
singing of the same male on the previous day (from 5 to 9 p.m.)

1966, but this time a long one. In both cases the night was dark and moonless.
LABITTE (1934) listened to night songs on June 17 and 20, when the first clutch
of the bird had been destroyed. SOKOLOWSKI (1952) heard a Woodlark’s song
at midnight in calm warm nights in the Swietokrzyskie Mts. In view of the
casual nature of this song the problem of its dependence on other phenomena
is still open.

4. Seasonal Variation of Singing

The zeal for singing increases in the case of single males from March to
June and thus as the temperature rises. The mating of birds brings about
a steady drop in the intensity of singing. Although the number of songs under-
goes no reduction in the incubation period, the duration of songs is shortened,
those lasting 1—2 minutes being prevalent. The change in the type of singing
is characteristic: the tree song constitutes from one-third to two-thirds of
all the songs, whereas the song given from the ground is completely wanting

Acta Zoologica Cracoviensia nr 2 6
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(cf. Fig. 3). Should the female perish unexpectedly, this process may be reversed
One of the males, for instance, sang less and less, as the hatching time ap-
proached, but after its mate disappeared under unknown circumstances about
3 days before hatching, it began to sing more frequently without leaving the
territory. When no other female had joined it in a fortnight, it sang as eagerly
as all single males and even attained a record length of singing, equal to 94
minutes (Fig. 6).

Generalizing the foregoing observations, one may state that the intensity
of singing of single males increases with time to reach its culmination in the
second half of June, and next it subsides rapidly. As the day becomes longer,
males begin singing earlier and stop later in the evening. Their singing maxima
are advanced by 3 hours in the morning (from 7 to 4 a.m.) and postponed
by an hour in the evening (from 6 to 7 p.m.). The singing of males comes to
an end at the hatching time and the interval lasts up to the moment when
the birds leave the nest (KocH, 1936; KRAMPITZ, 1952; WITHERBY et al., 1948).
The present observations, however, suggest that some males begin singing
regardless of their feeding the young and the size of the brood. In one case I
observed a male singing from the 11th day of feeding. These songs usually
lasted several minutes and the singer interrupted them to get food for the
nestlings.

Under favourable weather conditions autumnal sexual activity occurs in
different avian species after the moulting period (SOKOLOWSKI, 1958; PINOWSKI,
1965, 1967). In the case of Woodlarks it finds expression in singing (LABITTE,
1934; KocH, 1936; SCHUMANN, 1959; WASILEWSKI, 1961) and, as shown by
the present observations, in chasing each other. The autumnal song is usually
short and can be heard on warm sunny days only. However, on slightly hazy
but sunny days this song hardly yields in anything to the spring song. For
example, on September 24, 1963 I heard 25-minute songs, and one lasted even
as long as 34 minutes. These songs were given more frequently from trees
than in flight or from the ground. According to KUMERLOEVE (1966), in Turkey,
where the Woodlark is a roaming bird, the song of males is commonly heard
as late as October. TACZANOWSKI (1882) writes about a song of a male wintering
in Poland, which he heard in January. ScHUMANN (1959) states that in the
autumn males generally sing in the morning, the afternoon phrases being
short and abrupt.

VII. DISPLAY AND BEHAVIOUR TOWARDS RIVALS

For a long time the copulation of the Skylark, Crested Lark and Woodlark
was known only from observations of laboratory birds (Howarp, 1929; STRE-
SEMANN, 1956, 1957; ABs, 1963). DrLivus (1963) studied the copulation of
Skylarks under field conditions and HOFFMAN (1951) that of Woodlarks. The
description given by HOFFMAN (0. c.) is, however, rather vague and ccmbines
copulation with the digging of a hole in the ground.
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In spite of intense efforts I did not manage to witness the act of copulation
and my observations cover only the display and other manifestations of sexual
behaviour. In view of the lack of detailed descriptions in literature I shall
quote some observations made by one of my collaborators, Mr. K. SIERA-
KOWSKI: On March 21, 1965, watching a pair of Woodlarks from the morning,
he observed the display as late as 4:04 p.m. At first both the male and female
uttered call and alarm notes alternately, the calls of the male being shriller.
The male next got on a clod of earth and continued calling from this elevation.
It jerked its wings rhytmically in the vertical plane, then performed a kind
of bows, again quivered the wings, sang, ete. It repeated this series of actions
10—12 times and tripped somewhat ahead. At the same time the female
uttered notes of excitement and advanced towards the displaying male. When
it came to a distance of 20—30 em., the male stopped bowing, turned back,
and began to go away in the opposite direction, pushing forward its breast
and slightly raising its tail. The female followed it at a distance of 20—30 cm.
Finally, the male disappeared behind a clod of earth, but after a while it sprang
out from behind it, squatted low and spread its tail wide. However, it recovered
its normal attitude immediately and, disturbed by an approaching motoreyecle,
took wing and alighted 3 m. further, where, after delivering several alarm
notes, both birds became silent. The whole episode of displaying lasted 11
minutes. It was, therefore, the beginning of courtship, but the female was
not quite ready for copulation yet.

After a week, on April 6, 1965, the situation was changed. The male dis-
played from 7 a.m. The pattern of display was like that in the previous case
only that the female, approaching the displaying male, assumed a posture
provoking to copulation. It crouched and fluttered its wings. At that moment
another male appeared and there developed a fight, which lasted, with intervals,
from 8 a.m. #ill 1 p.m., and had an exceptionally fierce course, whereas the
female stood aside.

In general, the forms of sexual behaviour of the Woodlark may be divided
into the attitude of the male towards the female, the attitude of the female
towards the male, and that of the male towards its rivals.

1. Attitude of the Male towards the Female

A. Qick rhythmical wing movements, performed with only the tips of the
primaries in the vertical plane. They express an extreme excitement of males
not only in the presence of females but also roused by the nearness of their
rivals and other birds (Starling, Yellowhammer). The quivering of wings
usually occurs as a preliminary form of display and it next accompanies the
display proper. DELIUS (1963) describes it in the Skylark, observed - under
the same circumstances and during copulation.

B. Bows, made by the bird rather vehemently. In some respects they
resemble the behaviour of pigeons. This kind of behaviour, too, is an expression
6*
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of excitement during fights as well as of anxiety roused by changes in the
surroundings of the nest in the period of feeding the young. But then the bows
are never so low and ritualized as at the time of display.

O. Turning away from the female is an obvious element of display. The
male hag its tail slightly erected, its plumage is puffed out and the head drawn
back so that the bird looks dumpy in the figure. It also thrusts out the pos-
terior part of its body. The female responds to this attitude of the male either
by following it or by manifesting the readiness to copulate. A similar behaviour
has also been found in the Skylark (DEeLIUS, 1963; STRESEMANN, 1956) and
Crested Lark (ABs, 1963; STRESEMANN, 1957).

D. Turns. These accompany the preceding posture and seem to combine
the male’s expectation of the female’s approach and its further turning away
from the female. These movements have also been mentioned by NIETHAMMER
(1937).

E. Display "proper’”. It is induced by the highest sexual excitement of
the male. It then crouches on the ground, with its plumage puffed out and
the tail widespread, drops its wings and turns the head towards the female.
The Skylark behaves in a similar manner (DELIUS, 1963; STRESEMANN, 1956),
whereas the Crested Lark has a more upright position (ABs, 1963; STRESE-
MANN, 1957).

2. Attitude of the Female towards the Male

In addition to pursuing after the male, answering its calls, and going to-
gether round the territory, the female manifests its sexual excitement only
by readiness for copulation. Then it crouches quivering its wings and approaches
the male. The sight of the female in this posture releases a desire for copulation
in the male. :

3. Attitude of the Male towards Its Rivals

A. After pairing the male’s agonistic behaviour in relation to its rivals
manifests itself in the mildest form by its standing on an elevation of the
ground with the plumage puffed out and by its trimming feathers in a nervous
ritualized manner. In this way it announces to other males in the neighbourhood
throughout the breeding season that the place is occupied.

B. If, however, in spite of that a strange male has appeared in its territory,
the rightful occupant chases it away as far as the boundary of the territory.
But in the case when the rival male will not leave the territory, the chase
becomes more and more bitter. A peak of chasing falls in the period of co-
pulation, after which the male becomes gradually more indifferent to the



81

presence of other males except for the beginning of the incubation period
when it still chases them away. Immediately after the hatching of the young
the males completely give up fighting. They often sing over another male
feeding the nestlings without any evident response on its part, which indicates
the complete expiration of territorialism of the male.

C. An extreme form of chasing is the threatening flight. In this flight the
males keep a shorter distance between each other, fly exceptionally low above
the ground, and express their excitement uttering the “’song of anger”. Two
features make this flight different from normal: the hanging down legs of the
male which defends its territory and the utterance of calls of anger at the
moments of alert.

D. Fighting is the last argument used against a rival encroaching upon
the territory. Although males reveal readiness for fighting during the whole
breeding seasons and even when they are in autumnal flocks, they fight most
bitterly in the period directly preceding their nesting. The intensity of fights
is proportional to the frequency of the remaining forms of sexual activity
and therefore they are an extreme expression of these forms. The birds fight
on the ground or in spiral ascending flights to a height of several metres from
the ground and they chase each other alternately. The fiercest attacks are
delivered just above the ground. The birds try to assault each other usine
claws or to grip with the bills. However, I have never observed any damags
caused by them. It is worth while to quote a description of one of the fightg
observed by Mr. K. SIERAKOWSKI, whom I have already mentioned above.
Moreover, it is the same fight that he touched on in the above-presented de-
scription of display on April 4, 1965. The males approached each other, ex-
tended their tails and thrust forward the heads, shaking their wings ener-
getically. Having come to a distance of 20—30 ¢cm., they rose and in the air
tried to push each other back, pressing breast against breast, or to grip each
other with their bills. They took to the air to only a slight height from the
ground. Such attacks were repeated four times, after which the birds flew
away in different directions. After the battle the female followed its mate.
Sixteen minutes later the birds attacked each other again and in the intervals
between the battles they chased each other, making large circles 10 metres
above the plantation. In the flight, different from that in which males are
driven away from a neighbouring territory, they chased each other at a very
short distance, singing continuously. Their voices were, however, more violent
(song of anger) and the attacking male uttered notes resembling the hissing
of young Starlings. Only once, for a fraction of a second, it touched the back
of its adversary in the flight. The flights, however, did not appease their desire
for fight and, having touched down on the ground, they resumed their attacks,
flying up to each other. When one of the fighting males managed to reach
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its adversary with the bill, this last bird squeaked but, though both of them
flew in opposite directions, they soon started their fight again.

During these struggles they paid little attention to the presence of the
observer, whom they let approach to a very short distance.

VIII. NESTS

1. Choice of Nesting Site

The habit of mated pairs to make common rounds of the territory occupied
by them is connected with their marking-out of this territory, acquisition of
food and selection of the site of the future nest. These activities take them
the greater part of the day throughout the period from their joining in pairs
till the incubation of eggs by the female. In the population studied by me this
period lasts from the end of March to the beginning of the third decade of
April, and so for 3—4 weeks. However, as early as the beginning of the second
half of this period the birds keep constantly to one part of the territory, in
which they spend the nights and start to scrape out holes for the nest. Their
roost can easily be recognized by a large amount of faeces accumulated in
one place, light in colour against the dark humus substratum (Phot. 2).

The choice of site is not incidental, though it depends on topographical
details that are hard to distinguish. The place in which the Woodlark builds
its nest is for the most part situated in a peripheral part of the territory. This
situation of the nest results from the biotopic requirements of the birds. The
Woodlark, being associated with parkland-type environments or with a forest
margin, does not place its nest in an open area as the Skylark does. The near-
ness of trees, mentioned above in the description of the biotope, is an indis-
pensable condition for the choice of a site, although old timber forests are
avoided. The height of the nearby growth is the most decisive factor as regards
the distance of the nest from the edge of the territory, namely, the higher
the trees, the farther from them the nest is situated. This correlation is illus-
trated in Figs. 7 and 8. The graph in Fig. 7 shows it in the aspect of the angle
formed by the horizontal line and the line connecting the eye of the female
sitting on the nest with the tops of the nearest trees, which angle in most cases
ranges between 15 and 45°. If this graph is to present the actual conditions
in the field pretty closely, the division of the line X should be based on the
scale of cotangents. In order to avoid that, in Fig. 8 the line X has been divided
into units equal to the height of the trees. A clear majority of the nests were
situated at such a distance from the growth that it did not exceed the fourfold
height of the trees. To demonstrate the ethological differencesinrelation to the
Skylark nesting in the same areas, I measured the angle and the distance of the
nest from the forest also for this species. The angle never appeared to exceed 10°.
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The Skylarks built their nests as far as possible from high trees, farther than
their sixfold height. Thus, they laid down their nests in the middle of the
occupied area, if it was situated in the neighbourhood of low forest plantations.
They did rot nest in clearings surrounded with high trees, but appeared where
there was a young plantation on one side of the felling area. On the other hand,
as will be seen from Figs. 7 and 8, the Woodlark nests inside wooded areas
in extreme cases. Its adaptation to environment, therefore, shows more plas-
ticity.
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Fig. 7. The distribution of nests in a plantation with reference to the visual angle of the
forest wall for the Woodlark’s (1) and Skylark’s (2) nests. The blocks illustrate the number
of nests in the group and the lines their percentage share

The Woodlark has inhabited felling areas grown over by young vegetation
for hundreds of years, whereas the Skylark, according to MAKATSCH (1965),
began. to nest in this environment scarcely several dozen years ago. Conse-
quently, we may suppose that in the future the Skylark will oust the Woodlark
from the clearings, and this last species, owing to its faculty for adaptation,
will penetrate farther and farther into wooded areas.

In a considerable number of cases the nesting area lies within the boundaries
of the feeding grounds, but some nests are situated beyond them. Out of the
31 nests observed, 3 represented this group: nest No. 11 in a young pine growth
20 m. from the territory proper, nest No. 13 in a timber forest 8 m. from the
edge of a young plantation occupied as the territory, and nest No. 27 at a dis-
tance of about 27 m.

The pairs nesting outside their feeding grounds confined their activities
at the nesting site to the building of nests, incubation, and feeding of the young.
The male of such a pair only saw the incubating female to the nest. It also
came flying to entice the female from the nest and next fed the nestlings.
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Otherwise it stayed in the feeding grounds away from the nest. The female,
having left the mnest, immediately followed the male to the feeding grounds,
where it fed and trimmed its feathers. The nests of this kind were, however,
built under exceptional circumstances, after the destruction of the original nests.

The nearness of trees which might serve as observation posts has also
a bearing upon the choice of nest sites. Planting twice as high pines in some
places of a plantation, I tried to exert influence on the choice of the birds.
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Fig. 8. The influence of the height of trees on the distance of nests from the forest edge,
expressed by the multiples of the tree height for the Woodlark (1) and Skylark (2)

The experiment came off until the timber forest had been cut down. In wooded
areas the nearness of a timber forest is, therefore, of greater importance than
the close neighbourhood of observation trees.

The last indispensable condition of choice is an open stretch round the site.
In old plantations the presence of paths or even frequented roads has a po-
sitive effect in this respect. They evidently play a part of a run, the need of
which has been emphasized by many ornithologists (KoFFAN, 1960; Soxo-
LOWSKI, 1936; WITHERBY et al., 1948). Half the nests examined were less
than 8 m. from an open area. Thus, roads are often a factor determining the
position of nests. Moreover, they are a place where Woodlarks feed and display
most intensely, or a favourite part of the occupied territory.

Early in the spring in the pine plantations covered by the present in-
vestigation the Woodlark has only a few plants at choice such as might afford
shelter for its nest. Carex ericetoruwm prevails in such plantations, Festuca ovina
being dominant in poorer plantations and other grasses (Gramineae) in wooded
areas, once cultivated fields. On arrival, the female finds, in addition to the
young pines, clumps of last year’s grasses, in which it might hide its nest.
As a result, most of the nests examined (559%, N = 29) were situated under
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grasses or under tufts of sedge (319,). Two nests were placed away from any
possible herbal shelter, one under a twig of a young pine, 20 cm. in height,
and the other in a clump of one-year shoots of a hornbeam. Two nests were
found in clumps of Vaccinium myrtillus (cf. Table IT). It should, however,
be emphasized that where the sedge is present in plantations, the Woodlark
preferably builds its nest under it, for the sedge is a suitable plant and its stiff
leaves are well fitted for affording cover. Its tufts grow in the bends of furrows
ploughed during afforestation and form a kind of eaves, up to 10 ecm. high,
completely intercepting the view of the nest from above.

Apart from the protection provided by sedges or grasses, the nest was as
a rule situated in the neighbourhood of a young tree, usually about 15 cm.
from its trunk. In the case of small one- and two-year pine seedlings, the nests
were contiguous to their stems.

Using the method of marking the birds for many years, KoFFAN (1960)
demonstrated that the females occupied more or less the same places for their
nests for several years. He also proved that in spite of the great plasticity
of the Woodlark’s requirements concerning its nest site, particular females
show no individual preferences. However, he failed to prove any seasonal
variation arising from the development of vegetation and, consequently, any
biotopic changes that might modify the results. PArzorp (1963), on the other
hand, recorded the first broods of Skylarks found in corn-fields and the second
broods in fields of papilonaceous plants. According to my observations, the
nests with late broeds of the Woodlark were situated in a different microhabitat
from that of the early brood, namely, in bilberry shrubs, in the middle of
plantations, and in timber forests, which seems to correspond with the data
published by PArzoLp (1963).

KorrAN (1960) described two nests situated outside the feeding grounds,
one 100 m. and the other as far as 200 m. from them. Similar findings have
been presented by HARRISON and FORSTER (1959).

In DELIUs’S (1963) opinion, Skylarks build their nests in places con-
spicuous by dense vegetation, which disagrees with PATzorp’s (1963) view.
In pine plantations the nests of Woodlarks were sooner built in places where
there was less vegetation, which fact became more evident with the age of
the plantation and is in keeping with SOKOLoWSKD’s (1958) opinion. This may
also be connected with the anatomic structure of this lark, whose longer tail
enables it to take to the air and to alight more vertically.

2. Making of Holes in the Ground

The Woodlark starts building its nest with scraping out a hollow in the soil.
It took a long time to prove that this bird does not place the nest in natural
depressions of the ground, but in scrapes that it has prepared itself. Not only
REY (1905), but still KraMPITZ (1952) claimed that the depressions are of
natural origin, whereas WITHERBY et al. (1948) and VOLCHANECKY (1954)
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passed over this question. NIETHAMMER (1937) and GEUROUDET (1954) wrote
that the hollows are made by the birds, in which they were supported by
WADEWITZ (1957) and LABITTE (1958). KOFFAN (1960) dealt with this matter
more closely.

The late discovery of the proceedings of Woodlarks was caused by the
fact that they keep quiet at work and are difficult to perceive against the
background of the surrounding vegetation. The preparation of hollows con-
cludes the period in which the birds make their rounds of the territory. On
account of the above-mentioned difficulties I managed to gather only scanty
observations, which are as follows:

A pair of Woodlarks that had occupied an area since April 2, 1964 began
to make hollows as late as April 12. After waking up at 5-:30, both the male
and female were busy exploring the area and every now and then they flew
over to their feeding ground till 9-30. Then they started to dig out hollows,
working silently and secretly. The birds disappeared alternately in the same
clump of plants to turn up after a while but, having taken a short walk, they
resumed their work again. They stopped working at 11-:35. Then I examined
the place carefully and found 2 new hollows, 8 m. apart and 38 m. from the
spot where they had spent the preceding night. The hollows were both situated
under tufts of sedge; one was shallow and at a distance of 20 cm. from a young
pine and the other was much deeper and well-hidden under the twigs of a four-
year pine. On the next day (April 13) one of the hollows was left untouched,
whereas the other one was deepened in spite of the rainy weather. Nevertheless,
the nest was placed in a new hollow, prepared later 40 m. from them and only
10 m. from the roost. After a month, on May 12, six-day nestlings were found
in this nest. It follows that the first egg was laid 6 days after my watching
the birds on April 13.

On the same day (April 13) I saw another pair make 2 hollows and these
birds commenced to build a nest four days later. They took 3 days to complete
the work and on the last day the female laid an egg (April 21). Thus, 7 days
passed from the completion of the hollow to the laying of the first egg.

The male and female keep quiet in the neighbourhood of the hollow and
do not utter alarm notes less than 20—40 m. from it.

The preparation of several hollows, most frequently 2—4, by each pair
is the rule. The hollows are usually disposed irregularly in twos, in which they
lie near each other (5—10 m.). This is undoubtedly due to the fact that either
bird makes a separate hollow. g

In nearly all cases the hollow was surrounded with a mound of earth, visible
on the side opposite to the tuft of plants under which it had been dug out
and where the earth was inconspicuous among the leaves. The amount of
earth round the hollow is, however, very small as compared with its size.

The shape of hollows was fairly uniform owing to the similarity of the sub-
stratum (loose sandy soil with a small admixture of clay). The hollow was
a paraboloidal depression, often asymmetrical, with its vertex displaced towards
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the tussock of grass under which it was situated. The greater steepness of the
wall on one side was caused by the presence of roots which had withstood
the scraping of the birds. The horizontal projection of a hollow is an oval,
the long axis of which is parallel to the entrance. In more compact soils the
hollows were widened in the upper part (Fig. 9). The measurements of 11
complete hollows, in which I found nests later, were as follows: the diameter
parallel to the entrance ranged from 95 to 120 mm., averaging 110 mm., the
diameter perpendicular to the entrance was from 73 to 127 mm., on the average
104-3 mm., and the depth varied between 34 and 73 mm., with an average
of 54:6 mm. Similar shapes and measurements were found in the hollows formed
not in the ground but in putrefying leaves of hornbeam or oak.

/

/1,

Fig. 9. Shapes of hollows scraped out by Woodlarks in loose (A) and compact (B) substrata

The male and female worked at the formation of their hollows chiefly in
the morning. The rate of digging was different. One female took 2 days to dig
out a hollows, another only 1 day.

The female chooses a hollow for the nest much later, after its nest building
instinet has developed. This explains the behaviour of one of the pairs ob-
served, which made three hollows before building its nest in the fourth one.

As I have already mentioned, out of the authors dealing with the biology
of the Woodlark, KorrAN (1960) gives most attention to the problem of hollows.
However, his results are not always consistent with the observations presented
above. According to KorrAN, in Hungary, where this species nests twice a year,
the interval between the completion of the first hollow and the laying of the
first egg lasted 11 days for the first brood and half this time for the second
brood. The number of hollows made by a pair reported by KOFFAN (o. c.)
agrees with that observed by me, but I failed to find a confirmation of his
statement that most hollows are 2 m. apart, which arrangement was typical
of the population investigated by him, though in exceptional cases the distance
between hollows reached 800 m. The measurements of hollows given for the
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Hungarian population (KoFFAN, 1960) indicate that they are markedly deeper,
whereas their diameter is slightly smaller, which differences are probably con-
nected with the nature of the substratum. Korrin (o. c.) explains the scantity
of earth lying round the hollow and accumulated during its formation by the
fact that the birds carried it away in their bills. He calls the similar removal
of objects that fell into the hollows after their completion ’the caring for the
hollows”’.

The technique of hollow building has been noted by different authors
(HorMAN, 1951; LABITTE, 1958; KorFrFAN, 1960). It consists in two actions,
i.e., first the bird moves round, tripping quickly in the hollow in order to mould
it, and next it pecks out earth and rootlets. As will be seen from the results
of studies on other birds, the method of building is pretty uniform in all the
birds that make their nests on the ground, e.g., the Skylark (DELIUS, 1963),
Crested Lark, Pipit (LABITTE, 1958) and, outside the order Passeres, the
Lapwing and Mute Swan (SCHILDMACHER, 1965).

Describing the process of nest building in the Skylark, DELIUS (1963) does
not treat the actions of rotation and pecking separately. He holds that the
movements made for deepening the hollow do not differ from those performed
by the bird in order to scrape and peck out the pieces of material that stand
in the way during the building of the nest proper. This conception better
explains the mechanism of hollow formation and integrates all the elements
of the technique of nest building. Thus, rotation is not a primary action but
serves to scrape earth out with feet on all sides of the hollow uniformly.

3. Nest Building

When the hollows are ready, the female takes on itself the whole task
of nest building, whereas the male only keeps it company. Therefore, the opinion
held by many authors that the male also takes part in nest building (NETHER-
SOLE-THOMPSON, 1932; PORTENKO, 1954; MAKATSCH, 1965) is inexact. In the
light of the present observations it is true of hollow formation only. Instead,
the building of nests exclusively by females is the rule endorsed by nurmerous
writers (ABs, 1963; DATHE, 1952; DELIUS, 1963; ENDES et al., 1967; LEBEURIER
and RAPINE, 1935; LOHRL, 1944; PICKWELL, 1942; SUTTON, 1932; WADEWITZ,
1957).

Woodlarks build new nests for each, new and repeated, brood: While
building & nest the female performs four actions:

A. Gathering of material. The female gathers material for the nest in the
close neighbourhood of the hollow. It chiefly tears off pieces from the last
year’s tufts of grass, moss, ete. In order to break off a blade of grass the female
pulls at it with its bill, with its head raised high and, when this is ineffective,
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it steps back energetically. I also saw it picking up detached blades scattered
on the ground. The female breaks moss off by grasping at it close to the base.
The bird does not let the gathered material drop, but holds it in the bill with
the help of the tongue. When it has gathered a bundle, it returns to the nest.
Not only the amount of material held in the bill, but also the distance from
the nest is decisive in regard to the interruption of gathering. If the distance
is long, the bird usually returns with a larger bundle of material.

B. Bringing of material and dropping it into the hollow. Standing by the
nest, the female drops the bundle held in the bill into it, leans over it, some-
times trims something with the bill, but most often moves away immediately.
My observations show that the Woodlark brings nest material both on foot
and flying. For example, one of the nests, the construction of which I watched
closely, was situated in an old felling site, 20 acres in area, adjacent to a pine
plantation, from where the female fairly often flew carrying material and alighted
about 6 m. from the nest. When it collected nest material in the felling area,
it brought it coming on foot. KorrAN (1960) claimed that the females bring
material almost exclusively on foot, whereas KraMprrz (1952) observed them
carrying it in flight. Topographical conditions supposedly play an essential
part in this respect.

C. Treading down combined with rotation. When shaping the nest, the
female turns round in it, crouching low every now and then. It gets into the
nest, squats, and performs half a turn, with its head directed towards the en-
trance. Then it turns round once or twice, stops at various moments, and presses
its body deep in. At this operation the bird hides its neck in the nest and
touches the edge of the nest with its upturned bill. Unlike the front of the
body, its back (tail and remiges) is raised upwards. The whole body trembles
owing to rapid movements of the legs treading down the bottom of the nest,
whereas the body weight rests on the breast. This is the way the bird dishes
the nest cup. ;

The hollow with nest material dropped into it in a disorderly manner is
difficult to distinguish from its surroundings. The hand of rotation is arbitrary,
both when the bird performs only half turns (180°) and when the turns are
full (360°). Observations made on particular days showed the casual predo-
mination of either direction. The female treads 1—5 times, for the most part
2—3 times, during a single revolution. It treads down the posterior part of
the nest most; hence most of the nests observed had their back wall overhanging
and the front wall flattened. This technique of construction explains the mode
of formation of the nest with a roof reported by Asm (1951).

D. Arranging of material with the bill. The above-mentioned operations
are not sufficient to put some particularly long blades in order and, for this
reason, the female occasionally adjusts the hindering pieces of material with
the help of its bill. It then bends its head down and the tail is raised vertically.
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During incubation it assumes a similar posture, when turning the eggs and
pecking out parasites.

The duration of nest building is very variable. Female No. 15 built its
nest for 5 days (Fig. 10). On the 6th day, when it had laid the first egg, it still
brought some building material. On the other hand, female No. 24, having
completed the nest, left it untouched for 3 days, before it laid the first egg.

The female began building after the sunrise, every day later (e.g., 40, 57,
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Fig. 10. Intensity of Woodlark nest building on successive days of work. 1 — number of
the droppings of material by the bird into the nest, 2 — number of the gettings of the bird
on the nest to mould the material (based on the data from one nest)

and 97 minutes after the sunrise). It also worked shorter but more efficiently
(Table VIII). Nest building was limited to the morning hours.

On the consecutive days of building the average interval between particular
returns of the bird with material to the nest diminished from 6-7 minutes to
39 minutes and the intervals between its mountings on the nest from 27-6
minutes to 7-8 minutes. The female built the nest most dilligently in the first
hour of the first day of observation, i.e., it brought material 22 times in an hour.
In the first hour of day, i.e., at 5 am., the work proceeded most effi-
ciently, afterwards its intensity diminished gradually to zero. On the 5th day
the cloudy weather retarded the commencement of work by an hour (6-00).
The activity rhythm on the particular days of nest building (from the 3rd
to 7th) is presented in Fig. 11. _

The male kept the female company during work, but only once, towards
the end of building, brought a blade of dead grass, which its mate wove into
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Tig. 11. The course of Woodlark nest building on successive days of work (based on the data

from the same nest as in Fig. 10). The number of actions per hour is given on the ordinates,

the hours of day on the abscissae. 1 — number of the droppings of material by the bird into

the nest, 2 — number of its gettings on the nest to mould it. The Roman numerals indicate

the number of the day counting from the commencement of hollow -formation (the 1st egg
laid on the 6th day, the 2nd on the 7th)

Table VIII

Intensity of Work of a Female Woodlark on 3rd—>5th Days of Nest Building
(I carried out no observations on the lst and 2nd days of building lest I should frighten the
bird away)

How Many | How Many H(,)W Many H(.)w Many How Many
Mirtiten How Long Hiinohiihe Times the Times the e T
Day of e the Bird Bird Bird Bird Bid
Building Snre .Wo]..'ked, Brought Broug.ht G‘rot\IOn Gl On
Work Was | ™ 1\;11]rgut>es Material 2 Bi?te%alt thde {‘?Std the Nest
Started Per Day |46 the Nest . Do GLFT Ledt int an. Hou
in Hour It Down
3rd 40 248 37 9-0 9 2.2
4th 52 123 23 11-2 9 4-4
5th 97 39 10 154 5 e

the nest. On the second day of incubation of the full clutch by the female the
male also brought a rootlet and left it by the nest.
KorrAN (1960) writes that the females observed by him built nests on

the average for 2—4 days, though they could have completed their work in
one day. He, too, reports an interval between the completion of the nest and
the laying of eggs, and so do some other authors (ABs, 1963; LABITTE, 1958).
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4. Shape, Size, and Structure of Nest

The nest of the Woodlark has a compact structure so that it can still be
taken out of the hollow in a non-disintegrating state a year after building.
It generally has the shape of a cup, the diameter of which is greater than the
depth. The rim of the nest is wider than its walls and forms a threshold pro-
jecting above the ground. It is highest on the side of the clump of plants
sheltering the nest, where it may form a kind of ’hood”, drawn slightly over

NO.OF NESTS

Tig. 12. Entrance orientation with regard to the points of compass in 30 nests of
Woodlarks

the nest. It arises owing to the fact that the tuft of plants prevents the bird
from pressing the material in properly. The edge of the nest is also lowered
at theentrance on the opposite side by the repeated entries of the bird into it.
Hach nest has as a rule one such entrance. Only one nest, situated in a thicket
of bilberries, constituted an exception and had two entrances, one for the
male and the other for the female. The entrances of the 30 nests examined
were for the most part turned to the points of the compass ranging between
the north-east and north-west, as presented in Fig. 12. A majority of the nests
had the north-east exposure (27 9,).

The inside of the nest is a slightly elongated cup with its dimensions averag-
ing 66-1 by 61-7 mm. and the long axis oriented to the entrance. The average
depth is 52-3 mm. The mean values have been calculated from the measurements
of 10 fresh nests. As the nests are used, their depth becomes smaller and dia-
meters increase. The change in the shape is the greater, the more nestlings
are in the nest, and the nest-cup with a brood of 5 may even measure 110 x
%100 x25 mm. The thickness of walls is on the average 26-6 mm.

Although the nest constitutes a uniform whole, three layers may be dis-
tinguished in it. Only two layers have hitherto been mentioned in ornithological
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literature, the lower fundamental layer and the upper one. A close analysis
of a large number of nests reveals the occurrence of 3 layers, a fundamental,
a structural, and a lining.

The fundamental layer is characterized by its thick materials. Functionally,
the rim of the nest, running round the edge of the hollow, must be included
in this layer, for it contains most moss, protecting the nest from getting wet
and brought together with the material of the fundamental layer in the first
stage of building. The material of this layer in the nests examined consisted

A B

Fig. 13. Successive stages of nest building (A—C) and the arrangement of layers in the
complete nest (D): 1 — fundamental, 2 — structural, 3 — lining

of hard pieces of stems, dry grass, stalks and inflorescences of herbs, leaves
of bilberry, pine needles, and mosses of the genera Hypnum and Polytrichum.

The main, structural layer of the nest is built of dry blades and soft bents
of gragses. Owing to the technique of treading, the wedge-like bundles of ma-
terial overlap each other compactly to form a uniform structure. This layer
comprises about 709, of the total nest material. It may also contain some
elements of the fundamental layer (moss, pieces of pine needles).

The lining layer is the thinnest and constitutes scarcely 5%, of the whole
nest or even less. In the walls it is thicker and more evident than in the bottom,
though in some nests it is hardly visible. It is difficult to isolate this layer
from the rest of the nest, but it differs from this last essentially in material,
being composed almost exclusively of delicate rootlets, which are absent from
the preceding layers. Hair may also be found in it. Since it does not differ

Acta Zoologica Cracoviensia nr 2 7l
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from the rest of the nest in colour and is hardly visible from above, other
authors have not distinguished it.

Owing to the technique of treading applied by the female, it builds the
top part of the nest earlier than its bottom, and the incomplete nest resembles
an inkpot with its walls undercut and almost without the floor (Fig. 13). It is
only when the sides have partly been made that the female proceeds to build
the bottom (at the beginning of the second day) alternately with the walls.

The situation of the entrance on the northern or north-eastern side of the
nest was observed in most cases also by other authors (KorrAw, 1960; KRAM-
PITZ, 1952). KRAMPITZ (1952) believes that in this manner the bird protects
its nest from the sun-rays and the hood’’ formed opposite the entrance shelters
it from the wind. LABITTE (1958) interprets this orientation of the nest as
protective against winds and rains, and KorrFAN (1960) as its defence against
other unfavourable factors, e.g., a screen on the side from which danger may
threaten. In the region examined by me the north-western wind predominates
and, therefore, it cannot be referred to for explanation of such an orientation
of the mnest. A factor that almost automatically decides the position of the
entrance seems to be the situation of the nest in relation to the clump of plants
which together with the ’hoop’ protects the nest from the sun-rays early
in the afternoon, in the period of the greatest heat.

5. Nest Material

The nest is almost exclusively built of plant material and the presence
of a small amount of animal hair is probably caused by its similarity to grass
blades. Hair was found in two nests, in the lining layer only. In nest No. 15
there was a bundle of some dozen hairs of the roe deer and in nest No. 11 two
horse hairs, about 30 cm. long.

The results of a quantitative analysis of materials used to build a nest
are presented in the form. of a diagram in Fig. 14. The nest used for this analysis
had 2,391 parts, of which narrow leaves of grasses formed 57-99,, mosses
(Polytrichum and Hypnwm) 11:3%, pine needles 7-09%, soft bents of grasses
5:8%, leaves of broad grasses and billberry 5-3%, rootlets 5-19, hard-stems
4-69%,, and whole tufts of grass with root necks. The percentage values were
calculated from the numbers of particular elements, for weight or voluminous
proportions would change relations between them. As the female must bend
down to pick each particle separately, irrespective of its weight or volume,
I adopted the method of counting the number of particular kinds of materials
as justified. A general analysis showed that last year’s grasses are the main
nest material.

KOoFFAN (1960), KrRAMPITZ (1952) and SOKOLOWSKI (1936, 1958) also write
that the main material of the Woodlark’s nest consists of last year’s grasses.
However, KrAMPITZ (1952) and KorrAn (1960) did not find any materials
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Fig. 14. Percentage share of materials used to build one nest (the number of parts used
N = 2391). 1 — narrow leaves of grasses, 2 — whole tufts of grass, 3 — hard woody pieces
of stems and stalks, 4 — pine needles, 5 — mosses, 6 — pieces of soft bents, 7 — rootlets,

8 — leaves of billberry and broad grasses

of animal origin, though other writers mention them (NETHERSOLE-THOMPSON,
1932; WITHERBY, 1948; GEROUDET, 1954; REY, 1905). KorrFAN (1960) did not
meet with any pine needles in the nests, but Kramprrz (1952) did. In the nests
observed at present most needles were infested by the pine needle rust Lopho-
dermium pinastri, which indicates that the birds gathered them on the ground.

IX. EGGS

1. The Laying of Eggs

Just before laying an egg the female enters the nest and, as in the period
of building, alters something in its construction with the bill. In the end it
settles itself quietly and keeps motionless. Before laying the first egg it often
leaves the nest for a while. One of the females observed entered and left the
nest a8 many as b times, whereas it laid the next eggs the first time it seated
itself in the nest.

In the case of one clutch I managed to measure the time the female stayed
in the nest before laying particular eggs. The time was 27 minutes for the
first egg and 80 minutes for the next ones. All the eggs were laid in the morning,
from 6-18 to 9-45, at nearly 24-hour intervals.

One of my collaborators, Mr. A. SACHANBINSKI, observed interesting be-
haviour of a female Woodlark in connection with egg laying. Having left the

7%
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nest, it crouched on the ground and gathered and swallowed small pebbles.
It remained in this position for 2—3 seconds, then rose and, having taken
a few steps, crouched again and gathered pebbles. It behaved in this fashion
twice, before laying the first egg and after laying the second. At that time
the male stayed in the vicinity, it called and sang in flight. The female left
the nest in response to its calls and both the birds flew off to forage. On the
first day of the egg-laying period, when the female had got on the nest several
times, the male attacked it unexpectedly and rather energetically. Next the
birds started to peck at each other’s heads vehemently and after a few seconds
they sprang up and began to fight using their feet and pushed against each
other. After two attacks, lasting for about 30 seconds, the male flew off and
the female shook itself, as after a bath, and resumed foraging interrupted by
the fight. Undoubtedly, it was a form of sexual behaviour of the male, left
after the pre-nesting period, and the crouching posture of the female preceding
the fight may have appeared to the male as the manifestation of its readiness
to copulate.

When the female was laying the fourth egg, the male even approached the
nest, made the female leave it, and peeped into it to move away after 2 seconds.
This was a sign that the male’s instinct of feeding the young was beginning
to rouse.

The clutech size of the Rzepin population of Woodlarks ranges from 2 to
6 eggs, averaging 3-97 (Table IX).

Table IX

Cluteh Size in the Woodlark Population of the Rzepin Region

Clutch size (No. of eggs) 2 3 4 \ 5 ’ 6

o

|
No. o nests 7 9 , 8 } 1

The late clutches are larger even in the case of the same female. For example,
female No. 6 incubated 3 eggs, but when they had been destroyed, it laid 5 eggs
in its new nest. In May the size of 18 clutches examined averaged 3-78, towards
the end of May and at the beginning of June 4 clutches consisted on the average
of 5-25 eggs each, and at the end of June 3 clutches of 5 eggs each (Phot. 3).

DELIUS (1963) observed similar behaviour of a female Skylark, which got
off the nest after laying an egg and crouched motionless on the ground. The
laying of more eggs in later clutches agrees with the statement of LACK (after
HAARTMAN, 1954), according to whom the fact that longer days bring about
larger clutches is a general regularity.
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2. Size and Colour of Eggs

A total of 35 eggs from 12 clutches were measured in order to obtain the
egg size characteristic of the Woodlark population under study. The length
of eggs ranged between 18-7 and 22-5 mm., averaging 20-63 mm. and the width
was between 14-5 and 16-8 mm., on the average 15-77 mm. The largest egg
was 21-9 x16-8 mm. and the smallest 20-6 x14-5 mm.
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Fig. 15. Decrease in the weight of eggs on successive days of incubation, observed at the
same time in 3 Woodlark nests (May 1964). A, B, C — days of egg-laying; 1, 2, 3 ... 13 — days
of incubation; I—VI -— days of nestling stage. The solid lines represent addle eggs
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Eggs laid by the same female resembled each other in size and shape.
Repeated clutches outsized the early ones. In female No. 6 the average for
the first clutch was 21-:000x16-34 mm. and that for the second clutch 21-85 X
%x16-77 mm. Thus, the second clutch not only consists of a larger number
of eggs but also their volume has increased. On the day of laying the weight
of eggs ranged within wide limits, from 2-99 to 4-0 g. The average weight from
21 eggs was 3-38 g. on the first day of incubation. On the last day before
hatching the weight of eggs ranged from 2-62 to 3-45 g., averaging 2-88 g.
During the 13 days of incubation the weight of an egg dropped on the average
by 0-50 g., i.e., 14-89, of the original value. The decrease in weight was not
equal in all the eggs but ranged from 0-38 to 1-:36 g. The daily decrement in
the weight of eggs fluctuated from 0-0 to 80 mg. The differences were not
only due to measuring errors, but also to some other factors.

The intensity of the decrease in weight depends on the original weight
of the egg, the thermal conditions in the nest or the zeal with which the female
incubates, and the individual development of the embryo. The heavier eggs
generally lose weight sooner than the lighter ones (Fig. 15). Sometimes, however,
the order of eggs in respect of weight on the day of hatching disagrees with
that on the day of laying.

The colour of most eggs of the Woodlark population examined presents
itself as follows:

The ground-colour is light, whitish and may be slightly tinged with brown
or olive. The markings are very small, brown or gray-brown and at the broad
end of the egg they usually form a wreath, within which they may be con-
fluent. Only one two-egg clutch, namely, that of female No. 23, was exceptionally
dark brown, there being no wreaths of spots round the broad ends of the eggs.
The eggs of Woodlarks differed from those of Skylarks and Pipits in their
being less pointed at the small end.

The size of eggs of the Woodlark population under study is in keeping
with the data obtained for the birds nesting in Central and Fast Europe
(DoNCHEV, 1963; NIETHAMMER, 1937; PORTENKO, 1954; VOLCHANECKY, 1954).
The eggs of Woodlarks from West Hurope are somewhat larger, which is in-
dicated by both the data given by LABITTE (1958) from France and those
presented by WITHERBY et al. (1948) from the British Isles. The average weight
of new-laid eggs examined by HEINROTH (1926) diverges remarkably from
that given at present and is lower by nearly 0-9 g. On the other hand, the
coloration of eggs described above quite agrees with that observed by other
authors (NAUMANN, 1900; SOKOLOWSKI, 1958; TACZANOWSKI, 1882; WITHFRBY
et al., 1948).

3. Incubation

A. Behaviour of Incubating Female. In Woodlarks, as in all other 4laudidae,
incubation, is performed by the female alone, whereas the male accompanies
it while feeding and next during its return to the nest. Besides, the male usually
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gives the signal for the female to break incubation and is on guard, when the
female has got off the nest. Thus, for example, out of the 99 cases observed
in ‘which one of the females left the nest, 76 times it was stimulated to do that
by the calls of the male. As to the remaining 23 cases, I failed to establish
whether its getting off the nest was caused by the arrival of the male, for the
females noticed it much earlier than the observer did, and therefore its be-
haviour may have been induced by the sudden though silent appearance of
the male. In such cases the male almost always joined the female immediately
after it had got off the nest. When provoking the female to leave the nest,
the male usually appears in the watch tree and calls quietly. Then, the female
becomes animated, comes off the nest, and approaches the male. If the male
calls it too early, e.g., just after the female has returned on to the nest, this
last becomes animated, answers in a calling voice, but does not leave the nest.
Such unavailing attempts of the male to provoke the female to come off the
nest occur much more often than the cases when the female leaves the nest
without being called by the male at all. Besides, in the incubation period the
male rummages the territory, sings in the air, but most often perches in the
watch tree and sings abrupt phrases so silently that they are scarcely audible
at a distance of a few steps.

Seeing and hearing the male in the watch tree, the female becomes evidently
reassured. Then it takes a short nap, but gets awake the very moment the
male flies away. The female is again on the watch for a long time before its
anxiety has subsided. When the male sees a threatening danger, it gives signals
in a sharp warning voice. Then the female leaves the nest or, if the male has
flown away, presses deeper into the nest.

Incubation of the clutch is performed in the following manner: after feeding
the female returns to the nest, more often than not on the wing, and alights
in its vicinity. The distance does not usually exceed 6 m. and I often observed
it alighting much nearer the nest. Next the female walks up to the nest, stops
at its edge, trims something hastily with the bill and in the end settles down.
After a few seconds it performs a half-turn, slightly lifting up its wings and tail,
puffs out strongly, and raises its crest, after which it becomes completely quiet.

I managed to distinguish three postures of incubating females:

?Initial”’ posture. Immediately after getting on the nest, the female sits
down in such a manner that its back protrudes visibly above the nest and
the head is raised above the body. The bird often assumes this posture also
when a danger is over and after awaking or rearranging the eggs, etc.

Posture of “full incubation’”. This posture is observed when the female
feels safe and dozes. The bird presses its body deep into the nest so that its
trunk is concealed in it and the tail in the surrounding grasses. The head is
then withdrawn and the feathers of the top of the head touch those of the back.
In this posture the female is difficult to notice even for someone standing
near the nest (Phot. 4). It also assumes a similar posture when threatened
with sudden danger it cannot leave the nest imperceptibly.
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Posture of ’anxiety’. In this posture the female thrusts its head far to
the front and obliquely upwards and looks round intently, turning the head
simultaneously (cf. Phot. 5). The bird usually assumes this posture just before
leaving the nest.

During the day the female often takes a short nap, which may last from
3 seconds to a minute and a half. The dozing female has its head withdrawn
but not turned backward as during normal sleep. It very rarely sleeps with
the head hidden among the shoulder feathers in the daytime, which I observed
only twice.

The rate of respiration of incubating females ranges from 67 to 88 per
minute at Mo equal to 80.

The rearrangement of eggs is always preceded by a careful examination
of the surroundings. The sequence of actions is kept so strictly that, whenever
a female has been alarmed by anything, immediately after the subsidence of
its anxiety it becomes interested in the arrangement of the eggs and begins
to turn them over. Thus, a loud noise of a tractor, an alarm call of the male,
or the flight of a Jay (Phot. 6) stimulated the female to alter the egg arran-
gement. First it looks round intently, rises, moves back and, with its feet
resting against the posterior edge of the nest, it shifts the eggs with two or
three movements of its head. In doing this the female often turns back, which
releages its full rotary movement round the nest axis (Fig. 16).
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Fig. 16. Actions performed by incubating female on the nest on successive days of incubation.

1 — removal of parasites and greasing of feathers, 2 — rearrangement of eggs, 3 — moulding

of nest by turning round' and treading down the edge. (Note: the word HOUR at the
vertical axis of the graph is to be replaced by the word DAY)

Tt will be seen from the graphs in Figure 16 that the frequency with which
the female rearranges the eggs varies fairly markedly on particular days. On
the average the bird does it 4 times in nearly 100 minutes of incubation. The
first time it usually rearranges the eggs 10 minutes after getting on the nest
and repeats the action after further 20 minutes and next every half an hour.
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While incubating, the female continues shaping the inside of the nest. There
being only one entrance, the female must perform half a turn in the nest. This
action is repeated more than 10 times a day (about 150 times throughout the
incubation period), which undoubtedly has an effect on the smoothness of
the walls and the shape of the nest. The bird retains its nest-building instinct
till the end of the incubation period.

The frequency of actions connected with keeping the plumage clean, greasing
the feathers and removing parasites (Phot. 7) varies during incubation. In the
first days the female trims the plumage "and cleans it outside the nest, often
on the ground or in a tree. Since the number of parasites in the nest increases
gradually, the bird must eventually perform these operations also on the nest.
As the term of hatching comes nearer, the bird repeats them more and more
often. (Fig. 16), and in the end it tidies up every 40 minutes.

The incubating female is on the watch for danger, looks about, or watches
the singing male. In the morning or after the rain it drinks dew and rain drops
off the surrounding grass blades without interrupting incubation. However,
the female rushes out of the nest for a while to catch insects (e.g., ants) passing
by near the nest.

The female Woodlark is a close sitter, owing to which it avoids most dangers.
While combing the area, one may pass by the nest at a distance shorter than
1 m. without flushing the female. On the 6th day of incubation female No. 27
did not leave the nest when twigs were broken 20 cm. above its head. Neither
did the touching of the bill of female No. 12 induce it to run away (Phot. 8).
Therefore, taking photographs of females, even from a distance of 60 cm.,
presents no difficulties in the period of more advanced incubation. Some females
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Fig. 17. Effect of the advancement of incubation on the length of absence of the female
flushed from the nest by the approaching observer. A — duration of observer’s visit to the
nest site, B — length of absence of the female from the nest after the observer’s departure



102

let themselves even be shifted about 2 em. aside with a finger. They, however,
get off the nest more readily when scared from behind. The flight impulse
depends on many factors, and not all females behave in the same fashion.
The females forced to leave the nest return to it at various intervals (Fig. 17).
The periods of their absence from the nest become shorter with time, but there
are individual differences in this respect.

When frightened away from the nest in the last days of incubation, the
female Woodlark, like females of other species, tries to deceive by flying close
to the ground and crouching on it-every now and again. At the same time
it flutters its wings and spreads the tail wide. In 2- or 3-year plantations they
move away in this manner up to 20 m. and, if followed, still farther.

When the observer remains by the nest, the female comes down at a distance
of 6—8 m. for the first time and then somewhat farther. If this manoeuvre
has no effect, i.e., if the persecutor does not follow the bird, this last gives
it up in 10—15 seconds.

Before leaving the nest the undisturbed female looks about for several
seconds, springs on to the rim of the nest but does not take wing until it has
walked away a distance of up to 200 em. Then it flies to the calling male and
together with it to the feeding ground.

A comparison shows clearly that the distances of the places from which
the females rise are far shorter than those where they alight returning to
the nest.

B. Intensity of Sitting throughout the Period of Incubation. The female
starts incubating after laying the last egg, but it sits down on the nest at ir-
regular intervals before laying the last egg and before laying the fourth egg
it spends the first night on the nest. Sporadic cases of a female settling itself
on the nest for short spaces of time were observed still earlier.

Hunger makes the incubating bird leave the nest from time to time. In
spite of long watching I did not manage to see a male feeding its mate, as
suggested by some authors (PORTENKO, 1954; VOLCHANECKY, 1954). The female
collects its food within the bounds of the territory occupied. It gets off the
nest on the average 12 times a day (Fig. 18a). This figure keeps more or less
strictly until the hatching of the young.

As the incubation proceeds, the periods spent by the female out of the
nest become shorter (Fig. 18D, ¢) and thus the intensity of sitting increases.
Female No. 15 -incubated 62:59, of the time from daybreak to nightfall on
the first day and 86-99%, on the last day. Similarly, female No. 5 sat 56:69,
of the time on the sixth day and 79:39, on the last, fifteenth, day.

A close analysis of the course of incubation in respect of its 1nten31ty allows

a distinetion of 3 periods:

The initial period begins practically at the laying of the penultimate egg

and lasts approximately to the 6th day of incubation of the full clutch. Towards
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Fig. 18. Effect of the advancement of incubation on the number (A) and length (B) of
intervals in brooding and on the time which the female spends away from the nest (C).

the end of this period (6th day) the breaks in sitting are still up to 177 minutes
in length.

The intermediate period (7th—10th day) shows the intensity of incubation
fluctuating within a range of nearly 20 minutes in consecutive hours.

The terminal period is characterized by very uniform and regular breaks
in sitting at nearly equal intervals. The fluctuations in intensity do not exceed
10 minutes for consecutive hours.

Figure 19 presents the detailed results of observations carried out on the
intensity of incubation on particular days, as exemplified by 2 females.
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Fig. 19. Intensity of incubation of 2 female Woodlarks on consecutive days (from 1st to 13th

and from 5th to 15th day, respectively). The Roman numerals indicate the successive days

of incubation. If a female incubated altogether more than 40 minutes in a given hour, a suita-
ble area has been hatched
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Fig. 20. Twenty-four hour pattern of intensity of incubation. The curves represent the mean
values for the whole period of incubation in the case of females A and B and for the last six
days of incubation in the case of females C and D

. Diurnal Rhythm of Incubation. Figures 19, 20 and 21 show that the
activity of sitting changes in the course of the day. The periods of sitting
decrease from the moment of awakening till 10 or 11 a.m., when they reach
their minimum length, to increase steadily till the female falls esleep in the
evening. On the other hand, the length of breaks is independent of the time
of day and maintained at approximately the same level from morning till
night. The intensity of sitting, i.e., the number of minutes per hour during
which the bird broods, changes like the diurnal activity only that it shows
greater fluctuations in the morning (e.g., nests Nos. 15 and 5 — Fig. 20 A and B).

Observations made at night, before daybreak and after nightfall, confirm
the opinion that females roost on the nest starting from the night preceding
the laying of the fourth egg up to the 8th day of life of the nestlings. This is,
therefore, the main period of incubation, covering about 9 night hours of
uninterrupted warming. The length of these periods does not increase even
towards the end of incubation and the hours at which the female gets off the
nest depend on incidental factors, as will be seen from Table X.

Though remarkable, the differences between particular days cannot be
explained either by the developmental stage of the embryo or by climatic
changes. The female sat longest without let-up on the 9th day, from 1-15 p.m.
to 5:47 a.m. on the next day, more than 15 hours.
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Fig. 21. Length of brooding (A) and length of breaks in brooding (B) in the daytime, on
the basis of continuous observations of one nest from the 8th to 13th day of incubation
(5130 minutes of observation). The solid line represents the mean from 6 days

The effect of weather conditions on the course of incubation is slight and
temporary. Changes in temperature during one day or several consecutive
days cause no visible changes in the activity rhythm. Cloudiness and wind
also exercise only little influence. The most distinet influence is that exerted,
though not before the second period of incubation, by heavy rainfalls, which
lengthen the time of sitting and shorten the breaks, whereas during the long-
lasting light rains females come off the nest even in the last phase of incubation.
Never, however, do they leave the nest when it hails or snows. Female No. 2
was covered by a 3-centimetre layer of snow so that only its head jutted out
above the surface.

A comparison of the results obtained by me for the Woodlarks with those
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Table X
Hours at Which Female Woodlark Begins and Ends Night Brooding as Exemplified by Female
No. 15
Time When the Bird Got on | Time When the Bird Came
Day of Incubation the Nest for the Last Time off the Nest for the First
on the Given Day Time after the Night
1 5:51 p.m. 5:10 a.m.
2 5:55 p.m. 5-22 a.m.
3 4-34 p.m. 6-19 a.m.
4 6-09 p.m. no data
5 6-21 p.m. 5-28 a.m.
6 5:58 p.m. 4-52 a.m.
7 6-01 p.m. 5:23 a.m.
8 6-23 p.m. 6-14 a.m.
9 1-15 p.m. 5:00 a.m.
10 411 p.m. 7:02 a.m.
11 5:59 p.m. 6-10 a.m.
12 5:13 p.m. 5:16 a.m.
13 7-11 p.m. 5-28 a.m.

of DELIUS (1963) with respect to the Skylark shows that the female Woodlark
comes off the nest one-third of the number of times found for the Skylark,
but stays away from it twice as long as the Skylark does. T have not checked
whether Drrius’s findings are sound for the Skylarks nesting in the forest
clearings of the study area. No doubt, these differences result from the different
conditions of food acquisition. The larger share of animal food in the Woodlark’s
diet may also have an effect on the difference between the behaviour patterns
of these species.

X. NESTLINGS

1. Hatching

As early as a few days before the hatching the female looks under its body
and watches the eggs, but the day of hatching, at first, differs in nothing from
the other days of incubation. The young hatch by themselves and it is only
their movements that attract the mother’s attention. Then the female pulls
the egg-shell out carefully and removes it from the nest, but it does not do this,
if the shell, though completely cracked, still encloses the wet young bird.
Only in 6 cases (209,) out of the 30 observed the females interrupted incubation
to remove a shell. In 809, of the cases (24) they noticed the shells on their
return to the nest after a normal break in brooding. The impulse to remove
the shells is, therefore, released chiefly by sight stimuli.



108

All my observations of Woodlarks show that females eat up the shells right
on the nest or outside the nest, but do not carry them away to drop. The in-
stinet of eating up is so strong at the time of hatching of the young that female
No. 12, having eaten the shells, attempted to eat a dead leaf of birch that
had been lying near the nest for several days. The egg-shells are removed
chiefly by the female. Only in one case I saw the male carry out two shells
one after another (Phot. 10). It was the male from nest No. 2, in which 3 young
hatched in the evening, and the last, the fourth one, just before dawn on the
next day. On this day both the male and female fed the young by turns from
4-45 a.m. After each feeding the female settled down on the nest to warm the
young. As late as 6-52 a.m. the male, having fed the young, took an egg-shell
out of the nest and carried it away to a distance of 20 m. At 7-02 the male
returned to feed the young and again took a shell away, this time the last
one, from the nest. At that time the female fed the young also, but it only
cleared the nest of the excreta of the young. The egg-shells removed by the
male had been lying in the nest for more than 12 hours unnoticed by the female.
The removal of a young, chilled to death, by the male from nest No. 25 was
another variant of this instinct. Out of the 30 egg-shells, 21 were eaten up
by females on the nest, 7 were carried away by females to a distance of 10 m.
and there eaten up, and 2 shells were dropped by the male about 20 m. from
the nest. The directions in which the egg-shells were carried away were various.

The eating of shells proceeds as follows: the bird grasps the edge of a shell
with its bill and crumbles it by small movements of the jaws. Sometimes
a piece that has broken off falls on the ground; then the bird picks it up and
swallows. It eats fairly quickly, taking on the average 45 seconds to consume
one shell. If more than one young hatch at the same time, the female swallows
the last shell with great effort, as if it lacked saliva. Even when disturbed,
the female does not stop its action and does not move away before it has eaten
up the last piece of the shell.

Although the birds remove the egg-shells, dead nestlings and even leaves
from the nest, they leave the unfertilized and chilled eggs untouched throughout
the period in which the young stay in the nest, as has been found in the cases
observed.

The young hatch at different times of day. Three-quarters of them emerged
from the shells from 4-00 a.m. to 2:00 p.m., which is probably due to the
rhythm of incubation.

In one case I managed to note the exact time of hatching of a young.
Fifty-seven minutes elapsed from the moment of puncturing of the shell to
that of its being eaten up by the female. There are rather remarkable differences
in the course of hatching between particular young. The first two chicks hatch
within one hour, almost at the same time, and the last two often not before
the next day. The maximum period of hatching, between the first young and
the last, was 18 hours. In the nests with full clutches numbering up to 4 eggs,
all the young usually hatch within 3—6 hours, whereas in a clutch of 5 or
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6 eggs the last young, as a rule, hatches on the next day. This is probably
connected with the commencement of incubation after the laying of the
fourth egg.

2. Feeding of the Young

The male and female begin to feed the young in the first hours after the
hatching of the first young. The female is always the first to start feeding.
In nest No. 12 it tried to feed the young as early as 22 minutes after eating
up the first half-shell, in nest No. 15 after 26 minutes, in nest No. 22 after
45 minutes, and in nest No. 25 after 60 minutes. However, the effective feeding
of the first young took place as late as 4 hours 43 minutes after the female
had eaten up the empty egg-shell. The sight of the feeding female stimulates
the male to do the same. One of the males manifested a desire to feed the
young at the beginning of the incubation period. It approached the incubating
female with some food in its bill, but each time it did so, the female left the
nest, as if under compulsion. Then the male looked into the nest, bent over
it several times, but having found no young in it, moved away after a few
seconds. After such visits of the male, which occurred rather rarely, at most
once or twice a day, the female soon returned to the nest.

In nest No. 22 the male began to feed the young earliest, 66 minutes after
the eating of the shell of the first egg by the female, i.e., 20 minutes after the
twofold feeding of the young by it. In nest No. 12 the male fed the young
for the first time after 87 minutes, when the female had already fed them
6 times. When the female fed the young in nest No. 25 for the first time, the
male was still singing over the nest, which it approached with food as late
as 7 hours 32 minutes after the female had eaten up the egg-shell and fed the
young 5 times.

As will be seen from the foregoing examples, the female begins feeding
within nearly one hour after the hatching of the first young, whereas the male
takes to feeding later (in extreme cases 20 minutes and 6-5 hours after the
female).

The first attempts of feeding are often failures. I observed a case in which
the old bird ate the food itself, although it had tried to put it into the bills
of the young more than 10 times. The young soon learn to take food from
their parents and the time of feeding becomes shorter and shorter with their
growth.

The first feeding goes like this: the male and female stand over the nest
and utter calls in a low voice. The young can hear from the first moment and
respond to their parents’ calls by lifting up their heads (Phot. 11). Holding
a small insect larva with the tip of its bill, the old bird tries to place it carefully
in the gaping jaws of a young. If the young does not swallow the food at once,
the trial is repeated. In order to induce the reflex of wider opening of the bill,
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the female touches the open gullet of the young bird with its bill, nodding
its head several times.- In nest No. 12 the female put its bill into the gullet
of the same young eight times during the first feeding, though it received
most of the food at the fifth time.

One nestling usually receives the whole ration of food. If the ration is too
large and the young begins to choke, it becomes divided into two parts; one
is eaten by the young being fed and the other iy swallowed by the feeding
parent or given to another young.

The pattern of feeding presents several problems, which will be discussed
in the next six subsections. ;

A. Frequency of Feeding of the Young. The frequency of feeding is in-
fluenced by three factors: the number of nestlings in the brood, the duration
of their stay in the nest, and the intensity of feeding.

The amount of food which each of the young receives depends chiefly on
their number. The nests covered by the present investigation contained 2—6
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Fig. 22. Effect of the brood size on the total number of feedings of one nestling, on the basis -

of the data from 7 nests. The curve represents the mean number of feedings of one nestling

up to the 8th day of feeding inclusive (black cirelets). The bracketed figures by the white
circlets indicate the last day of feeding of the young in the given nest.

nestlings each. The young of the least numerous broods got most food. This
is clearly seen from the shape of the curve in Fig. 22. Each nestling was fed
on the average 200 times (201, 198, 206, 196, and 199) during its stay in the nest.

The duration of the stay of the young in the nest varies fairly much, ranging
from 10 to 13 days. Disturbances occurring unepectedly in the vicinity of the
nest may scare the young and make them leave the nest 2 days earlier, i.e.,
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on the 8th day after hatching. Under normal conditions the nestlings from
small broods leave the nest earliest. A 10-day-old chick from a brood of 2
weighs on the average 22:675 g. at the time of its departure from the nest,
whereas a similar specimen from a brood of 5 only 15-300 g. The weight of
the latter, thus, forms hardly about two-thirds of that of the former.

The intensity of feeding of the young by particular pairs shows individual
variation. It is undoubtedly conditioned by the availability of food, the distance
of the feeding ground from the nest, and other factors. Pair No. 11 is an extreme
example in this respect: it had 4 young in May and brought food to the nest
as many as 244 times a day, in which it markedly exceeded the pairs with
June broods of 5 young.

B. The Course of Feeding of the Young in the Nestling Stage. The changes
in the frequency of feeding connected with the age of nestlings are illustrated
in Figure 23, in which the curve represents the means from 8 nests varying
in size of brood (2 broods of 2, 3 of 3, 2 of 4, and 1 of 5 nestlings). The changes
in the frequency of feeding of particular nestlings during their stay in the
nest are illustrated by the curve in Figure 24. An analysis of the curves in
Figures 23 and 24 reveals 3 distinct periods of feeding:

The first period lasts from the hatching of the nestling to about the 4th
day of its life. In general, the frequency of daily feedings increases slightly,
though in many broods it even decreases on the second day as compared with
that on the first day. This fact, however, does not mean a reduction in the
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of average size
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mass of food, because the rations become larger and larger. In this period
the female spends much time warming the young and yields to the male in
feeding them (cf. Fig. 27).

The second period, more or less from the 4th to 10th day of life, exhibits
a rapid increase in the intensity of feeding. It is marked by a strong and steady
rise in the frequency of feeding. This period lasts shorter for small broods,
ending between the 7Tth and 9th day, because individual nestlings of these
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Fig. 24. The mean number of feedings of one nestling per hour on consecutive days of the
stay of the young in the nest. The figures by the curves indicate the number of the young
in the nest

broods receive more rations, whereas in the larger ones it extends even up
to the 11th day of life.

The last period begins about the 9th day and ends when the young leave
the nest. The daily frequency of feeding does not rise or is even somewhat
reduced.

A comparison of the frequency of feeding in May with that in June and
the observations published by STEINFATT (1939) show that the total daily



113

amount of food brought to the young converted into values per hour is lower
in June than that obtained for May broods. This may be due to the lengthening
of the daytime and, consequently, the time of feeding by 2 hours and a half,
whereas the number of feedings per day remains similar, and to the higher
ambient temperature resulting in a lower consumption of calories by the
organism and a lower food requirement.

C. The First and Last Feedings during the Daytime. The pattern of feeding
depends partly on the length of day. Since in the period of later broods the
daytime is longer, the first feeding is shifted to earlier hours of the day and
the last feeding to later hours.

In connection with the fact that at the end of June the periods of morning
and evening twilight are markedly lengthened, in June the Woodlark begings
feeding its young earlier before sunrise and feeds longer after sunset than
it does in May.

In May the first feeding of the young before sunrise was a rare occurrence,
and at the latest it took place 59 minutes after sunrise. On the other hand,
in June feeding is commonly done before sunrise, and in the latest instance
it was observed 45 minutes after sunrise.

The last feeding usually occurs after sunset, only exceptionally before it.
The nestlings from the first half of June are fed on the average 20 minutes
and those from the end of June 22 minutes longer after sunset than the young
from the first half of May.

D. Diurnal Rhythm of Feeding. The feeding of young proceeds fairly
uniformly in the daytime and is performed by both the male and female.
The graphs illustrating the daily means (Fig. 25) show a slightly marked
morning maximum between 5 and 10 a.m. for May broods and an evening
maximum about 4 p.m. For June broods the morning maximum begins at
4 a.m. and the evening one is shifted to 7 p.m.

E. Intervals between Feedings of the Young. Direct observations of the
nests and the determination of the shares of males and females in the feeding
of the young made it possible to measure the intervals between particular
feedings. These observations were made everyday during the stay of the
nestlings in the nest. In the last four days of this period the parents brought
food to the nest most frequently. The curves in Figure 26 illustrate the lengths
of intervals between feedings in four nests varying in brood size, during this
period. Most of the curves show that the modal interval falls in the group
from 6 to 9 minutes. This is therefore the time the Woodlark nesting in pine
plantations commonly takes to collect a ration of food for its young. In the
period of most intense feeding in the case of nest No. 11 (4 young) and in the
last two days as regards nest No. 18 (5 young) the modal interval was still
lower, ranging between 3 and 6 minutes. The asymmetrical shape of the curves
indicates that the measurements are influenced by several factors. This agrees
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Fig. 25. The mean number of arrivals of
old birds with food at the nest in parti-
cular hours of the day for the broods of
2 and 3 nestlings (A) and those of 4
and 5 nestlings (B). The figures by the

Fig. 26. The distribution of the lengths of in-

tervals between feedings on days 8 and 9 (bro-

ken line) and 10 and 11 (solid line) of the nest-

lings’ stay in the nest for broods of various
gizes

curves indicate the number of nestlings
in the nest. Curve Crepresents the mean
value for all the May broods examined

with the data on the course of feeding obtained from observation, because
in addition to the gathering of food, the old birds clean and trim their plumage,
rest (chiefly males), respond to alarming phenomena in the surroundings,
hide, ete. All these actions are done in the time in excess of the modal interval
and corresponding to the descending slope of the curve in the graph. On the
other hand, the initial portion of the curve represents the time given exclusively
to the search of food. -
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A comparison. of Figure 26 with the curve in Figure 18b shows that in
the last phase of incubation the gaps in sitting on the eggs also average about
10 minutes, which confirms the now obtained length of time needed to collect
food. :

In order to find out how the intervals between feedings present themselves
during the whole nestling stage, I carried out observations of 2 nests throughout
this period. Males are not exclusively busy gathering food and feeding the
young all the time and are less regular in this respect than females.

The 7—9-minute-long breaks become more and more frequent from the
6th day onward, which proves that the parents often feed their 6-day young,
without doing anything else, for several successive hours.

F. The Shares of Male and Female in Feeding. The young were fed by
both the male and female in all the nests of the Woodlark observed. In the
first hours after hatching the male brings food only at the sight of the feeding
female. Soon, however, its share increases, because the female must, above
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Fig. 27. Share of the male in the feeding of the young on consecutive days of their stay in
the nest (data from 1 nest with 3 nestlings). A — preponderance of male, B — preponderance
of female

all, warm the young in the initial period. Under unfavourable weather con-
ditions, when the care for young includes their protection against rain in ad-
dition to warming, the male feeds the young much more intensely than the
female. This predominating activity of the male lasts to the 4th day of life
of the young, from which moment up to their departure from the nest both
the birds occupy themselves in feeding their offspring almost uniformly, with
a slight preponderance of the female’s activity, as may be exemplified by
the situation in nest No. 25 (Fig. 27).

To sum up, in particular nests the share of the male in feeding is smaller
than that of the female by 0 to 5%, except for nest No. 11, in which the pre-
ponderance of the male in this respect subsisted to the end of the period, ex-
ceeding the female’s activity by 10 9.
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In the early hours of the day the male feeds more intensely than the female,
which starving after brooding the young all through the night must first feed
itself. In the further hours of the daytime the shares of both birds are nearly
equal (Fig. 28).

In 809, of the cases the old birds return with food simultaneously. If the
rate of feeding is not too great, the female is generally the first to approach
the nest; the male feels less safe in the proximity of the young and for this
reason observes the surroundings longer before coming close to the nest. When,
after feeding the young, the female gets on the nest to brood them, it performs
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Tig. 28. Daily shares of males and females in the feeding of the young, on the basis of the

data from 7 nests. The curve (mean from 40 days) shows the percentage relations between

the feedings performed in particular hours by males and those performed by females. 1 — pre-
ponderance of males, 2 — preponderance of females

a half-turn and perceives the approaching male. The female leaves the nest
hastily, when the male has come to a distance of less than 50 cm. Such be-
haviour is very common in the first several days of feeding. No doubt, it results
from the fact that, though the birds gather food together and return to the
nest together, the female does not realize the situation, and it is only the sight
of the coming male that releases a proper response. In the later days of the
feeding period the male more and more frequently comes up to the nest first.
After feeding the young the birds fly away together. From the 7th day onward,
in the case of big broods (more than. 4 nestlings) both birds often feed the
young together, standing side by side (Phot. 12). KrAmpIrz (1952) failed to
observe male Woodlarks bringing food for the young and confines their
function only to the guarding of the female against enemies.

3. Attention to Nest Sanitation

Woodlarks remove egg-shells and faeces of the young from the nest in
a similar manner, chiefly by swallowing them. Removal of addled eggs was
not observed at all. I left such eggs purposely in three nests and they lay in
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them untouched till the young birds had flown out. On the contrary, I never
found a dead nestling left in the nest. '

Once I succeeded in observing a male carrying a dead nestling away from
the nest. It is, however, difficult to decide whether this behaviour is connected
with instinet inducing the bird to remove the egg-shells or with the instinct
to clear away the faeces. There seems to be a drive to clear everything away
from the nest that is not an egg or a nestling begging for food.

The removal of faeces goes like this: having swallowed a ration of food,
a young tumbles up its siblings and defecates on the rim of the nest. From
the 5th day of life onward the young direct their heads towards the entrance,
i.e., in the direction from which their parents come with food and, consequently,
most excreta are discharged in the back part of the nest. The receiving and
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Fig. 29. Effect of the age of nestlings on the number of feacal sacs discharged (data from
8 nests)

swallowing of food, the turning of the hind part of the body towards the nest
edge, and the evacuation of the bowels last 3—8 seconds (averaging 5 seconds).
Then one of the old birds removes the faeces from the nest. When disturbed,
the bird flies off from the nest without taking the faeces, which are left un-
removed until the other bird does it on the occasion of the next feeding.

After feeding a nestling, a bird, especially the male, often shows hesitation
whether to fly away or to wait for the nestling to defecate. I often observed
a male waiting for a while after feeding the young; eventually it moved away
to a distance of 30 cm. and returned again seeing the nestling have voided
the faeces in the meantime.

Faeces of a young Woodlark, like those in other species of the Oscines,
are white in colour, because they contain urea, and enclosed in a mucoid sac.
Their absolute size grows with age of the young. The weights of faeces were
0-75 g. (969 of body weight) for 3-day nestlings, 0-77—0:80 g. (4:6—6-19,
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of body weight) for 6-day nestlings, and 0-90—1-00 g. (4:5—5-49%, of body
weight) for 7-day-olds. The percentage rise in the weight of faeces is, there-
fore, smaller than that in body weight. The number of feacal sacs discharged
by a young in a unit of time increases in the first 10 days of life and next drops
evidently (Fig. 29).

The consistence of faeces, originally semi-liquid, becomes denser with a,ge
of the young. In a few of the cases observed, the faeces of the young leaving
the nest (12 days of age) already looked like those of old birds. In addition,
in the faeces of older nestlings (from the 10th day onwards) one can see pink
excretion of the appendix. Watery faeces observed in several nests were probably
due to diarrhea caused by protozoans.

An old bird takes a faecal sac in the tip of its bill and either, having thrown
it up, swallows it on the spot or carries it away to a distance which varies
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Fig. 30. Effect:of the age of nestlings on the removal of faeces by swallowing as exemplified
by 1 nest with 3 nestlings

even for the same nest. Most frequently, the birds fly away with the faeces
and drop them after alighting or still on the wing. Having done this, they
immediately clean their bills against the ground. According to my observations,
the shortest distance to which a bird removed the facces of the young from the
nest was 10 m.

The swallowing of faeces depends on their size and amount per time unit.
During the first days of nestling life the old birds swallow all the faeces of
the young. As the amount of faeces increases, the number of faecal sacs
swallowed drops. In nests with big clutches the quantity of faeces swallowed
falls more rapidly. From the 7th day of nestling life 709, of the faeces cleared
away by the female and 909, of those removed by the male are carried away
and only the rest of them swallowed (Fig. 30). Broods of 2 nestlings are an
exception in which the Woodlarks eat up most of the faeces (female — 75%,
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male — 599%,) up to the end of the stay of the young in the nest. In nearly
all nests the birds swallow a certain, however small, amount of the faeces
even on the last day.

The share of males in the removal of faeces somewhat exceeds that of
females (Phot. 15). Males make it look as if they simply watched for the op-
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Fig. 31. The share of males in the removal of faeces on consecutive days of nestling life in
relation to that of females.
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Fig. 32. Effect of the frequency of feedings on the number of defecations (data from 8 nests)

portunity to remove faeces of the young. The females often got on the nest
without clearing away the faeces, which never occurred to a male. As the males
are more skittish in the proximity of the nest, their care may be explained
only by a stronger instinct to remove (Fig. 31). As late as the 7th day, when
the period of brooding the young comes to an end, the female gets ahead of
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its mate in this respect. The situation resembles the share of both parents
in the feeding of the young, but it is more conspicuous.

In order to examine the correlation between the frequency of feeding and
the number of faecal sacs voided by the young, the ratios of these values were
calculated for the time of their stay in the nest (Iig. 32). This ratio rises with
nestling age, e.g., in nest No. 25 nearly threefold, from 1-28 to 3:66. In other
nests it was still greater, reaching as many as 6 feedings for 1 defecation im-
mediately before the departure of the young from the nest.

The swallowing of egg-shells and partly faeces as well as the removal of
dead nestlings from the nest was also observed in the Skylark (DELIUS, 1963;
HEesse, 1917; LEWwIs, 1959; MOUNTFORT, 1940).

4. Care of Young

The young in the nest are exposed to many dangers. Out of the abiotic
factors, they suffer from cold, direct exposure to the sun’s rays, and preci-
pitation, whereas out of the biological factors they are oppressed by parasites
and different predators (birds and mammals).

The task of protection of the young is performed exclusively by the female.
When it is cold, it warms them with the heat of its own body, and it shelters
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Fig. 33. The relation of the joint length of brooding of the young by the female in daylight

(from dawn till dark) to the number and age of the nestlings (data from 5 nests with broods
of various sizes)

them under its wings during the rainy weather and from the scorching rays
of the sun.

The brooding of the young is, in a sense, the prolongation of incubation.
It differs from incubation in the fact that the female interrupts it more fre-
quently. The duration of brooding the young in the daytime depends on the
intensity of feeding, which increases with age of the young. It also depends
on the number of the young in the nest. In nests with 4 or 5 nestlings the
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female gives up brooding almost completely on the 5th day of nestling life.
In 3-young broods it does this on the 6th day, and broods of 2 nestlings are
warmed up to the 8th day. The results of observations concerning the pro-
tection of the young are presented for five nests in Figure 33.

On the first day, immediately after hatching, the brooding of the young
practically resembles egg incubation. However, as the nestlings grow, the
female stands higher and higher over the nest. Older nestlings often put their
heads out from under its feathers. Brooding the young differs from incubation
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I'ig. 34. The brooding of the young by the female on the second (A), fifth (B), seventh (C)

and eighth (D) days of life shown by the example of a nest with 2 nestlings. Graph D shows

that the female roosts outside the nest after the eighth day. Graph E illustrates the protection
of 2 nestlings in another nest against the sun’s rays on the 8th day of their life

in that the female lifts its body up one or two centimetres every now and
then for a young to change its position. The female behaves in a particularly
characteristic manner when it is asleep. It rises rhythmically at intervals,
moves to the back, and looks at its young.

At the beginning the female broods the young day and night, next it con-
fines itself to the night and to the morning and evening hours in the daytime,
in the end only to the night (Fig. 34). The female ceases brooding its young
on the average on the 9th day of nestling life and from this time onward it
roosts outside the nest. The shortest period of night brooding observed by
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me was 8 days, its longest duration being 11 days, after which the female slept
crouched in the grass about 2 m. from the nest. The shortening of the brooding
time before the completion of fledging of the young would indicate that, e.g.,
on the 5th day, in the case of larger broods they are big enough to fill up the
nest and thus able to secure themselves against the loss of heat. On the other
hand, 3-day-old nestlings, if left uncared-for in cold mornings, may be chilled
to death. With & larger number of nestlings in the nest the brooding time is
reduced not only because the old birds must devote more time to feeding
them but also on account of the more favourable thermal conditions in such
nests. Individual variation in the females’ behaviour, while brooding their
young at night, is here also of some importance.

There may occur a necessity of protection of the young against the excessive
sun radiation in the first period of life. Lack of feathers makes young birds
particularly liable to the risk of a fatal sun stroke. Nest No. 12 was examined
more closely in this respect. It was sited among sparse grasses of a 4-year pine
plantation, 30 cm. from the nearest pine. On sunny days the female shaded
the young from the sun’s rays chiefly from 10 a.m. to 2 p.m. Standing on
the rim of the nest in such a manner that its shadow fell on the young, it
roughed up the feathers and spread the ends of the wings so as to augment
the shaded area (Phot. 16). Roughing up the feathers made the female liable
to overheat its body and for this reason it often opened its bill and gaspad.
Therefore, the protection against excessive heat differs from that against cold
not only in time of the day but also in the female’s behaviour. The protection
from excessive sunlight was continued to the 8th day. On the 6th day the
young themselves undertake their protection against overheating, gasping with
their bills open. However, gasping was not connected directly with sunlight
but with high ambient temperatures.

Another important activity of the birds is the protection of the young
from precipitation. When the first raindrops come down, the female returns
to the nest, spreads its body wide over the young, and remains in this position,
with its feathers roughed up, till the rain has stopped. It generally gets off
the nest 2 or 3 minutes after the rain and, having shaken off the raindrops
from its feathers, runs in search of food. One nest was watched during a hail-
storm. The male took shelter in the nearby voung growth, but the female
sheltered the brood, shrinking under the blows of hailstones, up to 8 mm.
in diameter. The protection from precipitation is particularly conspicuous in
the first period after hatching. In nest No. 22 a spell of bad weather limited
other activities of the female to the extent that the feeding of the nestlings
was performed almost exclusively by the male for the first three days. The
female did nothing but brooded the young except the rare moments when
it came off the nest to refresh itself.

The protection from unfavourable weather conditions ends when the young
leave the nest. If this falls in the period of cold and rainy weather, all the
young may perish, as exemplified by the brood from nest No. 26. Five young
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left this nest at 7 a.m. Owing to the rain and constantly wet grass, one young
ceased calling for food immediately after leaving the nest, other two before
10 a.m., and the last one about 11 a.m. The old birds kept calling, holding
food in the bill, but could not find the young. Their own feathers were wet
through and they were in agony themselves.

Woodlarks are infested by a great many parasites. Scabs may often be
seen on the bellies of the young in consequence of the bites of small ticks
Dermanyssus avium brought into the nest in the plumage of the incubating
female. As early as the first day after hatching the old birds begin to pick
out parasites from the inside of the nest and next from the heads of the nest-
lings, which they do more and more frequently in the later days.

The young in the nest are also protected against other species of birds.
When, for instance, a fledgling running out of the nest had been attacked
by a Red-backed Shrike Lanius colturio, the female rushed at the aggressor
and the fight did not stop till the intervention of the observer. The appearance
of a Starling Sturnus vulgaris in the neighbourhood of the nest also stimulated
the male to defence. On the contrary, the approach of a Cuckoo Cuculus canorus
made the female cling to the ground just beside the nest. In one case it remained
in this position for 28 minutes. This is a typical attitude of Woodlarks towards
birds of prey (NAUMANN, 1900).

5. Development of the Young

Owing to the increasing rate of feeding the young grow fast and during
their stay in the nest they increase about eightfold in Wefght (Fig. 35). The
absolute and relative increments in weight of the young are shown in Figures
36 and 38. Three periods of growth of the young may be distinguished similarly
to those in regard to feeding:

1. The period of postembryonic growth covers 2—3 days and is associated
with the resorption of the yolk-sac and marked by a small frequency of feedings.
Because of very slight differences some authors unite it with the next period
(HAARTMAN, 1954).

2. The period of rapid growth is, in DORTMANN’S opinion (after HAARTMAN,
1954), constant for and typical of a given systematic group. In the Woodlark
population under study it lasted up to the 9th—11th day, as may be seen
from TFigure 35. The weights of nestlings on particular days, illustrated in
the form of a graph, present an almost straight line which ascends steadily.
The fluctuations in the duration of the rapid growth period are governed by
the brood size. The period is shorter in smaller broods.

3. Period of slow growth. Towards the end of the stay of the young in
the nest (approximately on the 10th day) the increase in weight becomes slower.
Unfortunately, the young repeatedly disturbed by weighing leave their nests
earlier and thus make it impossible to measure the length of the period exactly.
At any rate, it ends after the young have left the nest.
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Fig. 35. The weight of the young on successive days of their life, on the basis of the measure-

ments taken on 16 nestlings. The circles represent the extreme values, the black blocks 809,

of the intermediate measurements, the white blocks 509, of the intermediate measurements
and the horizontal lines the medians
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Fig. 36. Daily increments in weight of 16 nestlings. The diameters of the circles are pro-

portional to the number of the young in the nest (2, 3, 4). The place of the circles indicates

the mean increment for all the nestlings in the given nest. The curve represents the mean
increment for all the nestlings examined
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Fig. 37. Changes in the daily increments in weight of particular nestlings from one nest

Table XI
Mean Daily Increments in Weight of the Young from 5 Selected Nests in the Period of Rapid
Growth
: No. of Young | Mean Daily Increment in Weight'y
LlGH B in the Nest of One Young, in g. Fomen
5 2 2:2790
12 3 2-9939 -
10 4 9.5419 May broods
11 4 2:5010
18 5 1-1800 June brood

The daily increments in weight of the specimens from different nests in
the period of rapid growth are shown in Table XI, which confirms the general
regularity, found by HAARTMAN (1954) and consisting in the fact that the
young of medium-sized broods have the highest increments in weight. The
smaller increments observed in bigger broods result from malnutrition, whereas
those in broods of 2 young may be explained by a reduced persistence in calling
for food and increased heat losses. According to HAARTMAN (o.ec.), in the
Pied Flycatcher this phenomenon does not oceur unless there is only one
young in the nest. In the Woodlark, however, the heat losses caused by the
open form of nests and their placement on the ground must be higher, if the
presence of two nestlings in a brood results in their smaller weight. Their
higher heat losses and, consequently, greater calorific requirements are illus-

Acta Zoologica Cracoviensia nr 2 9
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trated by the increased number of feedings in the period of rapid growth,
for 14-4 feedings fall to the 1-gramme increment in weight in the broods of
2 young, whereas this figure is only 12-7 feedings in 3-young broods. The
number of feedings per 1 g. of growth generally increases with nestlings’ age.
The fluctuations on particular days are, however, remarkable (from 6-8 to 156
feedings per g.) and make it impossible to determine a constant regularity.

The absolute daily weight increments of the young are more constant,
as will be seen from Figure 36. The size of daily increments increases to the
4th day, then it keeps at the same level to the 7th day and next falls gradually.
An examination of the increase in particular nestlings of the same brood shows
that individual deviations are small and only temporary, for it appears that
the young which are the lightest on one day will have the greatest increments
on the next day. This agrees with the mechanism of feeding observed in the
present study: the hungriest and most insistent nestling always receives most
food. Owing to this fact the nestlings only slightly differ in weight when they
leave the nest. The percentage weight increments of the young on particular
days in relation to their body weight are given in Figure 38. On the 2nd day
a nestling’s weight increases by 509, on the next days the increments are
smaller and smaller, falling to 109, on the 8th day.

The morphological and ethological changes of the young are far more
striking than those in body weight. It is worth while to discuss them more
fully, since there are no detailed descriptions of develpmental changes of
young Woodlarks in literature.

First day

Tmmediately after hatching a nestling lies curled up and wet in the broken
fragments of the egg-shell. At that time it weighs 2-00—3-07 g. It gets dry
in an hour and, being intensely fed, puts on weight rapidly.

The trunk andhead are yellowish, the crown of the head is bluish-grey with
white dots marking the places of future feathers. The eyes are dark grey
hemispheres and the bill is pale brown with an egg-tooth at the tip. The legs
are yellow, paler than the body, the claws similar in colour to the legs except
for the hind claw, which is pale brown. The tips of claws are curved at an
angle of 30° to the toes. The pterylae on the back are brownish, the breast
is yellowish with a strongly projecting sternum. The belly is yellowish. flesh-
coloured, with dark-coloured intestines visible through the skin in its middle
part and the yolk-sac protrudes nearer the anus. The whole body is covered
with whitish down, tinged light yellow-brown and grouped in the pterylae.

1) Pteryla capitis. On the crown of the head it includes only the frontal
and parietal regions and consists of 8 down feathers disposed in 2 rows. Each
feather has 10 barbs, 6—7 mm. long, with barbules, which become gradually
shorter towards the tip of the feather. On the occiput a row transverse in
relation to the body axis is separated from the head pteryla by a small bare
area. This row consists of 8 feathers with barbs 8—15 mm. long. There are
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9 barbs in each feather (the longest of them have up to 30 barbules on either
side).

2) Pteryla dorsalis. On the neck it occurs as a single tract, which in the
region of the back splits into two zones, 3 mm. apart and running parallel
to each other along the body axis. There are 18—22 feathers altogether, with
9 barbs about. 10 mm. long each.

3) Pteryla caudae. At the edge of the tail, in the places of future retrices,
there is a row of 13 down feathers, transverse to the body axis. The barbs
of the extreme feathers are the longest, up to 6 mm., and in the middle of
the row hardly marked, up to 1 mm. in length. :

4) Pterylae femorales. There are two rows of 13 feathers each, one on
either side, on the flanks in the region of the thighs, perpendicular to the body
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Fig. 38. A relative increase in weight of 16 nestlings within 24 hours during their stay in the
nest expressed in percentages of the weight of the given nestling on the previous day. For
diameters and places of the circles see the explanation of Fig. 36

axis, and in the extension of the tail feathers (3). Each feather of these rows
has 9 barbs, 7 mm. long. : :

5) Pterylae humerales. A row of feathers, parallel to the body axis, is situated
on either scapula. It iy composed of 6 down feathers, 6—13 mm. long.

6) Pterylae alares — two tracts with shortest feathers: 1 row of 7 down
feathers on the forearm, growing on the posterior margin of the wing, in the
places of future remiges (length of barbs — 1—2 mm.), and hardly perceptible
down feathers on the palm. _

A one-day nestling has its down best developed in the occipital region
of the pteryla capitis and in the pteryla humeralis. The down in the pteryla
dorsalis, pterylae femorales, and the frontal and parietal regions of the pteryla
capitis is shorter, being shortest on the tail (pteryla caudae) and hardly visibel

9*
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on the wings (pterylae alares). There is no down on the ventral side of the
body at all.

The total number of the down feathers all over the body is 133 in 13 separate
tracts. This number of feathers is sufficiently large to cover the nestling lying
in the nest.

The inside of the mouth is sulphur-yellow with four black spots. The flange
of the mouth is yellowish-white.

At first the young sit in the nest without keeping any definite direction,
but after a few feedings they group in the middle of the nest. They hear from
hatching and respond particularly strongly to a low whistle. They do not see,
neither do they utter any voices. When taken out of the nest they are able
to move on the substratum by putting the head under the body and thus
pulling it forward.

Second day

The coloration changes slightly from yellow to yellowish flesh-colour. The
body weight of a nestling has increased by 30—609%,. There is a distinct sign
left on the bill after the egg-tooth. The yolk-sac is no longer prominent on
the belly surface.

Third day

The yellowish flesh-coloured areas between the pterylae on the dorsal
side of the body become violet-red. Particular organs, red, dark grey, and
yellow in colour, are visible through the skin of the belly. The ventral aspect
of the body is yellowish flesh-coloured. The down on the head is grey now,
whereas in other parts it is still buff at the base and light grey towards the
end. The claw of the hallux is 2-5 mm. long. The young still respond to all
sorts of voices, most vividly to low whistles. They also open their bills in
response to shakes of the nest and the striking of the ground with a hand.

Fourth day

The upper side of the body becomes still darker in coleur. The gkin in the
region of the dorsal and head pterylae is dark grey and the remaining part
of the back has a reddish-olive tinge. The ventral side of the body is still
pink-yellow flesh-coloured. The first yellow flesh-coloured shafts of remiges
have grown out on the wings (2—3 mm. long) and those of coverts on the
nape (1—2 mm.) as well as on the ventral side of the body in 3 paired abdominal
rows and 8 breast rows. The liver can still be seen, red in colour, through the
skin and the intestines steel grey. The first down feathers of the tail are being
shed. The hind claw is not horny and it is 2-5—3-0 mm. long. The length of
the bill is 6 mm. (3 mm. to the nostrils). The young scramble helping them-
selves with the wings; they can rise on the legs and, when laid down on the
back, return to the normal position.
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Fifth day

All the areas of the dorsal pterylae are dark grey. The shafts of the primary
and secondary remiges are 4 mm. long and violet-black at the base and light
brown at the end, whereas those of coverts in the pterylae of the head and
back are 3 mm. in length. The eye slits are slightly opened (up to 2-5 mm.)
and the young can already see. As a result, they do not open their bills, when
an observer imitates the call notes of their parents.

Sixth day

The shafts of remiges are up to 7 mm. long and have a dark basal part.
The dorsal apteria are bluish and the ventral ones pink flesh-coloured.

Seventh day

The shafts of remiges, 8—9 mm. long, are dark grey with light brown
3-milimetre tips and those of dorsal coverts, 5—6 mm. in length, are the same
colours (tips 1—2 mm. long). The pterylae gastrae run obliquely on the flanks
of the body, 5 rows extending from the neck to the leg. The back of the body
is still dark violet and the ventral side flesh-red. Most down feathers have
been shed. The eyes are opened wide.

Eighth day

The vanes of feathers begin to develop; in 15-millimetre remiges they have’
unfolded for a length of 4—5 mm. and in 7-mm. rectrices for half their length.
Emerging from the shafts, the vanes of all the feathers are a subdued brown-
black colour, edged pale yellowish, 3 mm. in width. The shortest shafts are
those on the head (6 mm.). The hind claw i 5—6 mm. long. A nestling returns
to the nest by itself from a distance of 1 m., spreading the wings to keep its
balance.

Ninth day

The back is completely fledged. The coverts are dull brown-black with
flaxen edges. The vanes of remiges develop for a length of 7 mm. and those
of coverts are still longer. The eye-stripe is slightly marked, although the
feathers are here still vaneless whitish shafts. The dorsal apteria are violet-grey
and the ventral ones bluish-red. The feathers in the pteryla gastrae (Phot. 17)
are cream-whitish and there are some dozen tufts of down on the head and
rump. The claw of the hind toe is 6—7 mm. long. An excited nestling raises
its crest and in danger it runs away from the nest. Among grasses it moves
by hops. It utters call notes seep, tseeseep, signalling where it is at the moment.
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Tenth day

The eye-stripe is distinet and cream-white in colour. The remiges are
15—26 mm. long, and their vanes spread for a length of 8—9 mm. The vanes
of rectrices are 8-5 mm. long, whereas the length of the claw of the hind toe
is 6:2 mm. and that of the bill 5-9 mm. The flange of the mouth is on the wane.

When looking for their parents, the young call whee tsitsits and they also
. use these notes later, even out of the nest. During feedings they utter a series
isee, lsee, tsee, tsee, which somewhat resembles the notes of young Starlings
or Woodpeckers.

Eleventh day

The primaries average 25 mm. in length. The ventral apteria are almost
entirely covered by the feathers of the neighbouring tracts.

Before feeding, the young run out to meet their parents. When disturbed,
they rush out of the nest and, while out of the nest, they move by jerks and
hops. They can stand in a normal manner on their legs, not on the heels as
betfore, for a fairly long time. In excitement they raise their crests. They know
the close vicinity of the nests excellently and, when leaving the nest, look
about in an uneasy way, like their mothers.

Twelfth day

The feathers are completely developed; black sheaths are still visible on
the lore only. The eyelashes are yellow. The feathers in the dorsal pteryla
have a grey-blue base, the rest of the vane being almost black with a white-
yvellow edge. The feathers in the head pteryla are similar in colour and those
of the pteryla gastrae cover the whole underparts of the body. The belly is
snow-white, the throat cream-white and the breast pale rusty with black spots,
which, unlike those in adults, are roundish (TACzZANOWSKI, 1882). The yellow-
white eye-stripes join at the back of the head. The edges of feathers are not
uniform in colour: they are white-yellow in the middle, by the shaft, becoming
more rusty towards the sides. There are- a few tufts of down on the body.
The bill is 7-5 mm. long, pale grey at the base and growing darker towards
the tip. At the tip of the upper mandible there is still a white spot left after
the egg-tooth. The flanges are still 8 mm. long and marked by their cream-
yellow colour. The legs are pinkish, with the cream ankle bone visible through
the skin from behind. The length of the tarsus varies between 18 and 23 mm.
The claw of the hind toe is 7 mm. long, with a dark streak on the bottom side.

When out of the nest, the young move running. They can fly a distance
of 50 cm. at a height of 30 cm. In addition to the call notes whee isitsit, they
occasionally utter a coarse and lower note geet, which afterwards changes
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into dludt, the call note of adult birds. When caught by the wings or in another
manner, a nestling utters a note of anxiety, a low and shrill "’geerreet’”’, re-
sembling the call of anger of the male. :

Thirteenth day

There is no down. The pale cream flanges of the mouth are still slightly
marked. The black spots on the tongue are still present, but the grey ones
inside the bill are vanishing. The inside of the mouth is yellow. Lengths:
tail — 22 mm., bill — 8 mm., claw of hind toe — 7-5 mm. The nestlings from
medium-sized broods may still stay in the nest, but usually they leave it at
this time. They can fly a distance of 10—I11 m.

Not only the external appearance but also the behaviour of the young
changes with their age. For the first two days they lie at random on the floor
of the nest, on the 3rd day they all turn towards the middle of the nest, and
from the 5th day onward, keep their heads directed towards the parents coming
with food. During the next days the young respond to their approach earlier
and earlier. The direction of the imbricately arranged heads of the young
will not change up to the end. From the 9th day onward, the most energetic
nestlings come off the nest to meet their parents.

In the first days of life the young lift their heads quietly and open their
bills noiselessly. As their sight develops, they perform swinging movements
of their heads in a definite direction. At the end of the 6th day they utter
their first low begging notes tee, tee, tee. At first the notes are single and low,
hardly audible at a distance of 1 m.; with time they change into an insistent
chorus. They grow louder and louder and reach a maximum ab the moment
when food is placed in the bill of ene of the nestlings. Next the noise subsides
slowly to stop after the departure of the old bird. If, however, the male and
female feed the young immediately one after another and one of the parents
remains at the nest waiting for a nestling to void faeces, the young give up
calling in spite of its presence.

Sitting in a normal manner in the nest the nestlings fill it completely. From
the 9th day onward, they respond to the arrival of the parents by lifting their
heads. While waiting for their parents, they lift up the heads to a height-of
3 em. and at the moment of feeding as high as 5 cm. After the departure of
the parents, the young still remain on the alert, with their necks craned, for
a few seconds.

6. Time of Departure from the Nest

“Young Woodlarks, like the young of other species of the Alaudidae, leave
the nest before they have attained the full capability of flying. They are
prompted to do this by the fact of nesting on the ground.
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The last days of feeding are a kind of preparatory period for the young
birds leaving the nest. They hear and see the approaching parents and to
accelerate the feeding hop on to the rim of the nest. At first such responses
occur at irregular intervals but they become more frequent with time. The
hungriest nestlings usually rush out of the nest. Hence, in large underfed
broods this process assumes a more conspicuous form than in small broods.
The brood of 5 young from nest No. 18 were fed insufficiently and, consequently,
this period of the nestlings running out to meet their parents lasted here
longest — 3 days, whereas in nest No. 17 with 2 nestlings this period was
confined to the last day.

A nestling may sometimes be seen to run treading on the heads of the
siblings, especially when it has found its error in the direction taken up to
meet the coming parents. However, the run mostly ended in feeding and,
having swallowed the bit, the nestling returned to the nest and squeezed in
between the other siblings. If a nestling ran too far from the nest, it might
be overlooked by the feeding bird. On the last day, just before leaving the
nest, the nestling moves away up to 40, and sometimes, 80 cm.

Finally, the most active nestling does not return to the nest after feeding,
but follows its parents. When leaving the nest, the young cannot see the
departing parents, but walks in the direction from which they usually ap-
proach with food. It remembers the way in the close neighbourhood, within
a radius of 1-5 m., farther from the nest it gets lost amidst the high grass.
Soon the remaining nestlings join it, too. Often, however, the last nestling,
probably the weakest one, stays in the nest longer and is fed by the parents
still for some time.

The young normally leave the nest between the 10th and 13th day of life.
If disturbed, they may depart earlier, even on the 8th day. Such an earlier
departure from the nest may be caused by a sudden threat of danger, e.g.,
the appearance of a man. An assault of a Red-backed Shrike or Jay at 10-day-
old fledglings, ending in the capturing of one of them, makes the other siblings
Tun away in various directions.

Out of the nest the young birds hide by squeezing in under the tufts of
grass, sedge or biliberry shrubs, where they are difficult to find. They betray
their presence by notes which they deliver every now and then, unless they
feel that they are being observed or hear the warning notes of their parents.
If they keep quiet, it is difficult even for their parents to find them. Young
Woodlarks scatter rapidly over a small area, and although I have not observed
them coming close to each other, they stay in the same wood plantation.
In spite of their being scattered they still look for their feeding mother. The
notes uttered by a fledgling while being fed still more provoke the others to
search for their parents. Feeding particular fledglings in different places, the
old birds prevent their concentration. Hence, the whole family is in constant
motion.
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XI. FORMATION OF FLOCKS

It has been known for a long time that after the young have been led out
of the nest, Woodlarks keep in small family flocks till the autumnal departure
(NAUMANN, 1900; WITHERBY et al., 1948; SCHUMANN, 1959; Korrin, 1960).
In autumn these flocks join into larger ones and fly away together.

If the old birds produce a second brood, the juveniles from the first brood
(e.g., nest No. 18) stay nearby, but always out of the area in which the
former forage. Thus, flocks of 2—4 young birds, capable of flying and
uncared for by old birds, encountered late in the spring indicate that the
parents have started to rear the second brood (3 juveniles stayed in the vici-
nity of pair No. 18 in the same plantation).

Some time later, the family flocks usually leave the nesting areas for more
opulent feeding grounds, which at first little differ from the previous ones,
and thus the birds feed in very young plantations, unwecoded felling areas
and those overgrown by brushwood amidst a forest. In the moulting season
they most frequently move to the surrounding pine timber forest.

In September, besides the areas mentioned above, large flocks may also
be met with in fallows overgrown by weeds and in stubbles. These are for
the most part forest enclaves or lie at the edge of cultivated fields close to
a forest.

The flocks roaming about in the autumn are the largest; I often observed
groups consisting of more than 50 specimens. Such abundant flocks were
observed in the period when the birds did not migrate and they certainly
included the specimens which had nested in the nearby region.

Not all the birds, however, gather into such large flocks. Every year single
pairs are observed feeding in a chosen territory late into the autumn.

Wandering flocks behave relatively quietly, only single specimens flying
over trees or uneasy about something utter alarm calls. When approaching
large flocks, we may hear a note which is used by the birds as the signal to
fly away. At last, one day at mid-Cotober all the flocks leave the region.

The consolidation of the young from the first brood and those of the second
brood and old birds into family flocks was also observed by KOFFAN (1960),
whereas WASILEWSKI (1961) wrote about their moving to a timber forest at
the time of moulting. Roving flocks watched by SCHUMANN (1959) numbered
as many as 150 specimens.

XII. DEPARTURE AND WINTERING

The departure of flocks, roaming about up to this time, and single specimens
oceurs rather imperceptibly. The determination of the exact time of departure
is difficult on account of the quiet behaviour of the birds, especially during
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autumnal rains. A sudden deterioration of weather conditions accelerates the
departure, night falls of temperature to below 0°C having the greatest effect
in this respect, exceeding that of precipitation. ;

Generally speaking, Woodlarks disappear from the region under study
at mid-October. In 2 cases I managed to establish the exact date of departure:
October 10, 1963 and October 19, 1966. On migration the birds keep in flocks
and may accompany other, more abundant aggregations of birds, such ag
Skylarks, Greenfinches or Chaffinches (SCHUMANN, 1959). On fine days the
birds fly high in the air, whereas they descend close to the ground under
unfavourable weather conditions (NAUMANN, 1900). My observations suggest
that the ceiling of flights does not exceed 50 m.

Not a case of wintering was observed in the Rzepin population during
the 5 years of investigation, and therefore all Woodlarks fly off from this
region. Their wintering in the territory of Poland was, however, recorded by
SOKOLOWSKI (1936), TACZANOWSKI (1882) and TISCHLER (1941). TACZANOWSKI
writes about his coming across several Woodlarks wintering in this country,
one of them even sang in January. SOKOLOWSKI (1936) observed this species
on January 1, when the weather was frosty and it snowed heavily. TISCHLER
(1941) showed that Woodlarks winter in Poland more frequently than Sky-
larks do. Only single birds were found to winter in the countries of Eastern
and Central Europe. MATOUSEK (1965) saw a Woodlark which wintered at
a temperature of —20°C and 15-centimetre layer of snow in Czechoslovakia.
DoxcHEV (1963) reports the wintering of single specimens in Bulgaria and
VOLCHANECKY (1954) and PORTENKO (1954) write that the Woodlark is a sta-
tionary bird in the Crimea and Caucasus. NIETHAMMER (1937) claims that
a small number of Woodlarks winter in Germany, whereas according to
KRrAMPITZ (1952), all these birds of the Frankfuhrt region fly off.

In WIiTHERBY’S et al. (1948) opinion, Woodlarks do not wander in Great
Britain, though in Scotland they show some local movements. Kocm (1936)
thinks that they are stationary and wintering birds, since their nests may
be found as early as the end of March.

Like Witherby in Great Britain, in France LABITTE (1958) observed only
local migrations of Woodlarks and he heard singing males on winter days.

The results of ringing presented by TISCHLER (1941) corroborate the view
that the winter quarters of Woodlarks are situated in France and South Europe.

The Woodlark is, therefore, a migrant bird in Poland and all over Central
and East Europe, where only single specimens venture on wintering. On the
other hand; it is a stationary bird in the west and south of Europe, where
only local movements governed by the regional climatic conditions are observed.
The mountainous nature of a region, e.g., in Scotland, Bulgaria, Crimea, and
Caucasus, makes the birds fly away.



135

XIII. FOOD. ACQUISITION AND MAKE-UP

The Woodlark’s diet changes with the seasons, supplies of the ecological
niches of the biotope which it inhabits, age of specimens, and weather con-
ditions.

In this study I used the method of direct observation of birds, while they
were foraging or feeding their young, since it interferes least with the natural
course of activities observed. The advantages of this method induced me to
apply it in spite of its inaccuracy. In addition, early in the spring I analysed
the faeces of Woodlarks and in the nesting season I compressed the gullets
of chicks according to the method described by KLUIJVER (1933).

Foraging birds bustle about swiftly, pecking every now and again at
something among the plants and in the earth, and they are constantly on
the go except for the whiles when they linger somewhat over a larger amount
of food or that difficult of access. Having noticed a watcher, the male may
stay motionless for 20 minutes, although its mate continues collecting food
beside it. It may well be that this very ethological property is the explanation
why in the population observed by KrAMPITZ (1952) males did not feed the
young at all (cf. Section X. 2, Item F).

Direct observations of birds and analyses of food brought for the young
indicate that Woodlarks collect food from the surface of the ground, the
uppermost layer of the soil, and the low parts of plants. Never, except for
one case, when a female brooding the young tried to catch a fly flying by,
did I observe a bird taking food on the fly or from a plant on”which it would
have had to alight. Woodlarks forage near the nest, within a radius depending
on the opulence of the biotope, but not exceeding 100 m.

At first, when the feeding of nestlings is less intensive, the old birds return
on foot, gathering food all the way back, up to the nest. Female No. 5 fed
nearest the nest; during incubation and when fostering the young, it left the
nest to a distance of hardly a few tens of centimetres and returned to it im-
mediately after eating an insect. I watched the manner of feeding from a blind
placed 0-80—2-:00 m. from the nest and, therefore, I managed to recognize
the parts of food hanging from a bird’s bill. The results of these observations
are presented in the graph in Fig. 39. Unluckily, this method involves a natural
selection of observations in favour of large bits of food, too large to be held
whole inside the bill. In order to obtain full data on the composition of the
diet of the young, I took 72 samples of food by compressing their gullets
with a ring (KLUIJVER, 1933) made according to the description given by
BoGUCKI (1964). The results of determination thus obtained from 388 food
fragments are presented in Fig. 40 and Table XIV.

A comparison of results obtained by both methods confirms that the ob-
servation of birds feeding their young is, as a method of food analysis, adequate
in the case of beetles, butterflies, locusts, myriapods and skipjacks. There
are, however, divergencies concerning the quantities of larvae of other insects,
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spiders and, above all, the quantities of earthworms, which may be overesti-
mated by many times. The error in the determination of earthworms carried
out from a distance results from the technique of preparation of its prey by
Woodlarks. When they catch a caterpillar, they rub it repeatedly against the
earth and, consequently, all yellow-orange or brown caterpillars look from
a distance like earthworms. The method based exclusively on observation,
although used by many investigators, should, therefore, be treated with qua-
lifications and completed with other, more accurate methods.
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Fig. 39. Food delivered to nestlings in 8 nests by males and females, determined exclusively

on the basis of observations at the time of feeding. 1 — food brought by males (N — 948

identified parts), 2 — food brought by females (N — 848 parts), A — caterpillars of butter-

flies, B — insect larvae undet., C — earthworms, D — beetles, I — spiders, I — butterflies

(imagines), G — hymenopterans, H — grasshoppers, I — Hylobius abietis, J — myriapods
and remaining arthropods, K — skipjacks

To estimate the mass of food rations brought to the young, the food taken
from the gullets of the young of one brood and derived from 12 feedings was
weighed. Its total weight was 1-91 g. Thus, the average weight of a food ration
received by a nestling on the 11th day of life was 0-159 g. I also determined
the size of rations using gullet rings. In 76 feedings the old birds brought,
altogether, 259 food elements, i.e., various invertebrates, seeds, etc. On the
average, 3-4 food elements fall to one feeding. There are, however, great de-
viations from the mean value, as will be seen from Table XII. Nevertheless,
it appears that two-thirds of the total are portions consisting of 1—3 food
elements. The mean sizes of rations on particular days of nestling life are given
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in. Table XIII, which shows that they generally increase with age of the birds
and are smaller in the afternoon than in the morning hours.

Figure 40 shows changes in the food make-up of the young relative to
the biotopes in which the nests are situated. This comparison indicates that
young Woodlarks in plantations receive considerably more spiders and cater-
pillars but fewer germinating seeds of pine and hymenopteran larvae. Their

Table XII
Size of Food Rations Brought to the Young by Old Woodlarks

No. of Food Elements 3 : 4 .
in One Feeding 1 3 4 5 8 9 |10 16
No. of Feedings 13119 |17 | 4 9 5 1 1 2 1 1
Table XIII
The Dependence of the Size of Food Rations upon the Age of Young Woodlarks and the Time
of the Day
Days of Life
Time of Day
Tth 8th 9th 10th 11th
in the morning 318 - 416 4-80° 4-00
in the afternoon - 1-72 — 264 —

food lacks harvestmen. These differences result exclusively from the nature
of the biotope, since in the timber forest a very abundant seeding of pine occurs
every second year, and in plantations it includes only a narrow marginal tract
neighbouring on the timber forest.

The presence of mosses and fallen leaves of the oak undergrowth favour
the occurrence of the beetle Byrrhus pilula, which is considerably less numerous
in plantations. A much calmer microclimate of timber forests and the presence
of last year’s dead leaves in the litter also create particularly favourable con-
ditions for juvenile forms of harvestmen. Moreover, the fairly high percentage
share of larvae of the pine sawfly Diprion pini and pine beauty Panolis flammea
is conditioned here only by the age of the pine forest.

The appearance of pebbles in the food, parallel and proportional to the
quantity of seeds consumed, is an interesting fact. As early as the beginning
of the present century, NAUMANN (1900) emphasized that there are the more
pebbles in the stomachs of old birds, the more seeds they contain. This strict
interrelation is connected with the manner of digesting. It is well-known that
Woodlarks do not husk seeds and therefore it becomes necessary to crush
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the husks by means of pebbles. The pebbles were small fragments of lime-
stone, 4—9 mm. in diameter.

The quantitative and qualitative differences in the food delivered on the
4th—8th days of life of the young are shown in Fig. 41. The share of seeds
and pebbles increases steadily with age of the young birds. Caterpillars and
similar hymenopteran larvae form a mass of constant volume, and as the
number of caterpillars undergoes reduction, that of hymenopteran larvae
increases.

The qualitative composition of the diet on the basis of the samples taken
from the gullets of young Woodlarks and classified according to systematic
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Fig. 40. The make-up of the diet of nestlings from the nests in pine plantations (1) and in

gaps in pine timber forest (2), examined by the KLUIJVER method of gullet rings. A — spiders

and their eggs (dotted part — Opiliones), B — caterpillars, C — pine seeds ans pebbles

(dotted part — pebbles), D — beetles (imagines) (dotted part — Byrrhus pilula), E — hymeno-

pteran, dipteran and other larvae (dotted part — Diprion pini), F — butterflies, hymeno-

pterans and dipterans (imagines), G — pupae and eggs of insects, H — grasshoppers, bugs,
I — myriapods and earthworms

groups is presented in Table XTIV. It shows that insects formed 45-929, of
the food analysed, spiders 29:369,, and tree seeds 16-48%,. In volume, the
share of caterpillars is the largest, followed by those of spiders, beetles, other
larvae, and seeds, which come in last. Other constituents of food are incidental.

Though specifically the food of the Woodlark is fairly heterogeneous, it
may be stated that this bird utilizes particular constituents of the ecological
niche to varying degrees. The most striking is the fact of its taking only the
smallest species of weevils in plantations.
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In the diet of the Woodlark beetles are represented most numerously by
Byrrhus pilula. Like the members of the Otiorrhynchinae, this beetle is able
to hide its appendages completely and then it resembles a spherical grain,
whereas the hard and projecting appendages of weevils from the subfamily
Curculioninae are undoubtedly awkward in the bill and less fit for the delicate
gullets of young birds. Specimens of the genera Byrrhus and Strophosomus
and skipjacks, taken out of birds’ gullets half an hour after feeding, still had
all their legs tucked under them. This property as well as the occurrence of
skipjacks in the forest floor layer makes them a common element of the
Woodlark’s diet. The hard armour of beetles is not an obstacle since these
birds are accustomed to indigestible seeds. :

Myriapods, an. earthworm, wireworm and larva of the ant lion met with
in the food indicate that the Woodlark rummages the superficial soil layer.
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Fig. 41. Changes in the make-up of the daily food of nestlings in the period of rapid growth

(4th—8th day of life) on the basis of the data from 1 nest with 6 young situated in a timber

forest. The figures on the upper axis (100%) indicate the size of samples. 1 — pebbles,

2 — pine seeds, 3 — caterpillars of butterfliess, 4 — other insect larvae, 5 — beetles
(imagines), 6 — imagines of other insects, 7 — spiders

This statement is also corroborated by the presence of numerous caterpillars
of moths of Agrotis sp. which stay in soil by day, up to a depth of 3 cm.

Caterpillars of other moths (e.g., Panolis flammea) and larvae (e.g., Diprion
pini) fed in the crowns of trees and wete blown off them by the wind. A fairly
large number (6-189%,) of hairy caterpillars from the family Noctwidae in the
food of the Woodlark is a kind of revelation, since only few species of birds
feed on them. These caterpillars were in an early developmental stage and
hardly up to 32 mm. in length. Their hair tufts were still well preserved. As
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Table XIV

List of Food Constituents of Young Woodlarks on the Basis of the Data Obtained from the
Samples Taken Using Gullet Rings

Food Constituents I No. l o
Animals:
Amnnelida, Oligochaeta, Lumbricidae: Lumbricus terrestris 1 0-26
Arachnida, Araneida — sp. non det. 74 19-06
Araneida — egg deposits 4 1-03
Opiliones — unidentified species 36 9-27
Myriapoda, Chilopoda — Lithobius sp. 1
Diplopoda,  Julidae: Julus sp. 2 } D
Insecta, Saltatoria, Locustidae: unidentified larva 1 0-26
Blattoidea, Phyllodromiidae: Phyllodromia germanica 2 0-53
Heteroptera,— Pyrrhocoris apterus 1l
Corevideae unifentified 1 j b
Hymenoptera, Phytophaga: Diprion pini lar. 27 6-96
Aculeata: Formica rufa 1
Formica pratensis 1 0-77
Terebrantes: unidentified 1
Coleoptera, Melolonthinae: Phyllopertha horticela 2 0-53
Byrrhidae: Byrrhus pilula 29 7-46
Kilateridae: Brachylacon murinus %
Selatosomus aeneus 2 2:58
imago unident. 6
larva — wireworm 1 0-26
Chrysomelidae: Halticinae unident. 1 0-26
Curcultonidae: Strophosomus rufipes 8
Phyllobius sp. 1 2-58
species unident. 1
Ipidae: Hylurgus ligniperda 1 0-26
Neuroptera, Myrmeleontidae: Myrmeleon formicarius
lar. 1 0-26
Lepidoptera, Geometridee: Bupalus piniarius 1 0-26
unidentified lar. 1 0-26
Noctuidae: imago, unident. 4 1-03
larvae: Parastichtis monoglypha 24
Agrotis sp. 10 12.88
Panolis flammea 5
unidentifield 11
pupae unidentified 3 077
Diptera, Asilidae: imago, unident. 3 'i' N
Tachinidae: imago, unident. il
unidentified larvae 13 3-35
unidentified pupa 1 0-26
Plants:
Pinus silvestris — seeds, mostly germinating 64 16-42
Inorganic constituents: ;
lime pebbles, 4—9 mm. in dia. 28 7-21
Total | 388 | 100:00
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to the imagines of butterflies, Woodlarks collect only such as stay by day
on the under-surface of leaves in the herb layer, chiefly members of the Noc-
tuidae and’ Geometridae.

The plant food consists of pine seeds only, except for autumn and early
spring, when Woodlarks consume also seeds of weeds. On their spring arrival,
before any insects available to them appear, they feed exclusively on seeds
of weeds, as was shown by observations and analyses of 30 samples of faeces.
In addition, I often watched Woodlarks gathering seeds of Sclerantus annwus.

The analysis carried out above indicates the influence exercised by the
presence of Woodlarks in a stand on its state of health. The greater part of
its food consists of harmful or indifferent arthropods. Although the Woodlark
rummages the floor layer, it does not consume useful insects of the families
Cincidelidae and Carabidae, probably because of their long and hard legs. The
removal of caterpillars of Panolis flammea and larvae of Diprion pini, fallen
to the forest floor, is, no doubt, to the great advantage of the forest. The
limitation of occurrence of Strophosomus rufipes and members of the genus
Agrotis is also of some importance, which is best illustrated by the fact that
the inspection of 60 trap groves made for catching caterpillars of this last insect
near the nests in plantations gave only negative results in the course of 2 years.

The data from literature show that the share of insects and other arthropods
in the Woodlark’s diet is generally larger than in the case of other larks
(NAUMANN, 1900; SOKOLOWSKI, 1936; NIETHAMMER, 1937). NAUMANN (1900)
mentions beetles and their larvae, small locusts and flies as its prey. Stomach
analyses of 3 birds killed in May (BAER, 1909 — after N'IETHAMMER, 1937)
revealed the presence of numerous beetles of the family Curculionidae, one
grasshopper and a large quantity of seeds of pine and knotgrass. STEINFATT
(1939), who observed the feeding of the young, lists the following animals
which go to the making of their food, in the order of quantity: caterpillars
(probably including larvae of sawflies), beetles, flies (among others, tabanids),
small butterflies, spiders (twice), a small dragonfly and 2 small snails. In Poland
the problem of diet was dealt with only by Soxorowsxr (1936), who found
insects, spiders and a small quantity of seeds in the Woodlark’s food.

The observations of STEINFATT (1939) and HARRISON and FORSTER (1959)
concerning the radius within which this bird collects food agree with those
presented in this paper.

On. the basis of the present results it may be stated that a pair of Woodlarks
bring the young of an average brood an average of 3660 invertebrates weighing
about 170 g. This quantity of food is collected and supplied to the young in
the course of 11 days and it does not include the food of the old birds themselves.
Seeing that species harmful from the viewpoint of gilviculture form a great
proportion of the Woodlark’s food, the role played by this bird is not in-
different.

Acta Zoologica Cracoviensia nr 2 10
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XIV. REGULATION OF POPULATION

Ornithologists differ in their views on the number of broods reared by
Woodlarks. NIETHAMMER (1937), STEINFATT (1939) and TISCHLER (1941) claim
that these birds have 2 broods regularly and do not rule out the possibility
of a third brood. They try to support their opinion by such facts as the long
song period of males and the presence of nests as late as July. On the other
hand, SCHUSTER (1939) quotes the statistical data given by HAuN (1931) for
99 nests, of which only 15 fell in June and one in July. SCHUSTER (0. ¢.) quotes
also the data from the catalogue of the nido-oological collection of the Koenig
Museum, showing that out of the 44 clutches in the possession of the collection
only 5 were taken in June and again one in July. KrAMPITZ (1952) writes about
the occurrence of one brood only.

I obtained similar results in my study. All the nests observed by me re-
presented spring breeding. Only two cases are suspected to represent second broods.
Rare instances of repeated breeding generally begin towards the end of May
and at the beginning of June, as shown by the following examples. Female
No. 6 left its nest on April 27, 3—4 days before the term of hatching. I saw
this female sitting on a repeated clutch as late as June 6. Another female,
No. 24, left 2 addled eggs on April 30 and the young of its repeated brood
hatched as early as May 31. Thus, the young which hatch in the first half of
June are, as a rule, from repeated broods. Disturbances in taking possession
of the territory as well as in the selection of nest site cause that part of the
females may retard egg laying by nearly 3 weeks. These facts explam the
rearing of broods in June and July, there being no need to adopt the rule tiat
Woodlarks breed twice a year; on the contrary, it may be assumed that in
the Rzepin population this happens rarely. The biology of all Woodlarks in
Central Europe, undoubtedly, presents itself in a similar manner (KRAMPITZ,
1952).

In southern Europe the Woodlark may have more broods. Twofold breeding
(from April till mid-May and in June) is reported by MATOUSEK (1965) from
Czechoslovakia, Doxcuev (1963) from Bulgaria, and PorIENKO (1954) from
the U.S.S.R. Owing to the marking of birds, KoFrFAN (1960) managed to
confirm the occurrence of second broods in Hungary. He also often observed
repeated broods after the destruction of the first nest and only in one case
out of the 160 pairs and 280 nests examined the successful rearing of 3 broods.
He established the average interval between the laying of the first egg of the
first brood and that of the first egg of the second brood to be 42-2 days.

On the basis of the now presented materials the mean cluteh size is 397
eggs, from which 3:08 young birds hatch, and only 1-85 leave the nest. As-
suming that 10% of these birds rear a second brood, the annual increase is
2:04 young per pair. Observations of other relative species, however, show
that a half of these young birds perish (BERNDT, MEISE, 1965). The total in-
crease in the population would therefore be about 0-5 young per 1 sexually
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mature bird yearly. Assuming the mean longevity of Woodlarks to be 4 years,
the decrease in this period would be 2 birds. Such a low degree of reproduction
of the Woodlark may partly explain its irregular occurrence and low density
in the biotopes which are suitable for this species.

Only a few out of the great number of factors that reduce the population
size during the nesting season were observed in the course of this study. Their
share in this respect is presented in Table XV. These factors are as follows:
weather conditions — 12-19,, birds — 9:3%,, man — 14-99,. The cause of
destruction was not determined in 1129, of the total of eggs laid, and the
addle eggs formed 6-59%,.

In the first group the most damsage was caused by rains (6-59%) and the
least by low temperatures (0-99,). These factors had a particularly bad effect
at the time of hatching of the young, especially if the female was disturbed
and could not warm them appropriately. Long lasting rains at the time when
the young leave the nest are also very dangerous.

Birds were the most harmful of the animals, especially the Red-backed
Shrike Lanius collurio — 7-79, and the Jay Garrulus glandarius — 6-2%,.
They plundered nests in which there were fairly large young birds, killing
13-99, of them. However, the Red-backed Shrike did not always notice a nest,
even if this was situated no more than 12 m. from the tree in which it regularly
perched.

The highest percentage of the damage was caused by man (nearly 159,
of the eggs laid). Damage is, however, unavoidable, though observation be
carried out in as circumspect a manner as possible. Woodlarks are most sen-
sitive to the presence of an observer at the beginning of the nesting season.
Under natural conditions, with no interference of observers, this percentage
is undoubtedly lower.

The losses diminish gradually as the process of nesting advances. The
proportion of eggs destroyed in the incubation period was 23:49%,, whereas
the destruction at the time of hatching formed 21:69,. The number of the
young killed in the nestling stage constituted 15-4% and that at the time
of their leaving the nest 919, of all the young observed in the given period.

More than 259, of the nests examined contained 1 addled egg each, irrespec-
tive of the clutch size, since in the largest clutch of 6 eggs no egg was addled
and 1 addle egg was found in a three-egg clutch.

Nest parasites, especially Dermanyssus avium, too, may reduce the resistance
of the young and thus increase their mortality rate. Other harmful animals
are included in the group of unidentified factors (11-29,) and they are chiefly
mammals. In the biotopes under study Woodlarks, are threatened for the most
part by foxes, stray cats, hedgehogs, and small rodents.



XV. SOME MODES OF BEHAVIOUR

The preceding sections dealt, above all, with the ecology and reproduction
of the Woodlark. It remains to discuss various modes of its behaviour, such
as modes of walking, drinking water and bathing, sleeping out of the nest,
and behaviour in unfavourable weather conditions and in the presence of
mammals as well as other species of birds.

1. Modes of Walking

When feeling safe, the Woodlark runs cringing very fast and stops only
to get food or make sure of its safety. Disturbed by an approaching observer
or changes in the surroundings, it moves rhythmiecally, stopping every now
and again, and its mode of moving resembles that of a displaying pigeon. Then
it shuffles with its neck craned and drops a curtsy every several steps, re-
tracting its neck rapidly and slightly raising the tail to keep its balance. Thig
manner of walking combines the desire to reach the destination quickly and
to observe the surroundings with the readiness to run away.

2. Drinking of Water and Bathing

Being originally steppe birds, the Alaudidae are not -closely associated
with water. The amount of water which they acquire in their food or in the
form of dew and rain-drops, drunk off the grass blades, is sufficient. I ob-
served a female Woodlark drinking water drops off the plants surrounding
the nest each time it rained or after the rain. Woodlarks occasionally drink
water also from puddles.

At the time of autumnal migrations Woodlarks and Skylarks may be allured
by means of a special mirror, described and figured by NAUMANN (1900).
Revolving round its axis, such a mirror sends reflexes into the space and these
appear to the birds as reflections of the sunlight from water or dew-drops
(PArzoLn, 1963). As steppe birds, larks do not bath in water, but they-very
often take sandbaths. The purpose of such baths is to get rid of parasites,
but KramMPiTz (1952) observed that they may often be an expression of ex-
citement of a displaying male. Bathing places are distributed all over the
region, where the sand is loose and has no admixtures of humus.

3. Roosting out of the Nest

In the section concerned with the choice and occupation of territory I have
already mentioned about the distribution of roosts and the situation of future
nests in relation to them.
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Roosts are recognized by clots of faeces, about 20 in number in particular
cases, accumulated in one place. A close analysis of such places showed that
Woodlarks sleep squeezed in between twigs of very small pines or grass blades,
which cover them from behind. They always have their heads directed towards
the west (WSW). Analogical data on the roosting of the Crested Lark Gallerida
cristata are presented by ABs (1963). In the case of both these birds the orien-
tation of the body is conditioned by the light of the setting sun. During one
season a bird roosts in turn in several places, which is probably connected
with weather conditions.

4. Behaviour under Unfavourable Weather Conditions

Precipitation is the most influential of the meteorological phenomena in
the breeding season. During heavy rains the birds gave up feeding, became
inactive, puffed out their plumage and shrank their necks. On the other hand,
drizzle did not prevent them from foraging. Incubating females outwore a spell
of snow on the nest and let themselves be covered with snow completely except
for their heads. The hail, as big as a pea, made a male take shelter in a young
stand of pines, whereas its mate continued incubating and stood to its post
throughout the hail storm. Lightning and thunder had no visible effect on the
behaviour of birds, which, in one case, did not react even to a stroke of lightning
at a distance of 106 m. from the nest. Their sensibility to the big noise made
by jetplanes passing the sound-barrier, gunshots at a distance of 300 m., and
whistle of a railway engine was also very small. The incubating female always
became uneasy at the first noise, but got used to them in an extremely short
time. Fog and hoar frost have a evident effect on the time of awakening,
delaying it by more than an hour in the morning.

5. Behaviour towards Mammals

Single observations were made as to the behaviour of Woodlarks towards
mammals. A hare foraged in the vicinity of nest No. 15 every day, coming
sometimes to a distance of 3 m. from the nest, without any responses on the
part of the birds. However, when it-approached the nest at the time of their
absence, the returning pair of birds showed great anxiety. When a roe appeared
10 m. from the nest, its presence did not rouse fear of the birds. The male,
perching in a low watch-tree, did not stop singing, though the roe approached
somewhat nearer.

6. Behaviour towards Birds

The presence and voices of birds which may be dangerous to Woodlarks
paralyse their movements. The appearance of the Goshawk, Buzzard, Marsh
Harrier, Cuckoo, Jay, and Red-backed Shrike make them stay motionless
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and crouched close to the ground. At the sight of a Cuckoo a female kept this
position for 23 minutes and when it was on the nest, it was much on the alert
for these dangerous species. A repeated appearance of a bird of prey made
Woodlarks partly familiar with its presence, e.g., pair No. 18 reared their
brood successfully under a Red-backed Shrike’s eyes.

The following species of birds frequented the areas occupied by Woodlarks:
Great Spotted Woodpecker, Black Woodpecker, Blackbird, Linnet, Tree Pipit,
Skylark, Wheatear, Starling, Mistle Thrush, Song Thrush, Swallow, Redstart,
Hoopoe, and others. A sudden appearance or low flight of any of these birds
near the nest rendered the female uneasy. Their alarm calls always released
impulses of fear and alertness in Woodlarks. Males often replied to them also
by uttering alarm calls and females looked about intently.

Woodlarks responded most to the alarm calls of such birds as the Great
Spotted Woodpecker, Blackbird, Mistle Thrush, and Swallow, flying over
their territory. These voices always woke the female from its nap and caused
its long inspection of the region.

In three cases I observed conflicts with birds of other species. Twice they
were fights with a Starling and once the chasing of a Yellow Hammer away
from the neighbourhood of the nest. The fight with a Starling was started when
at the time of arrival of the Woodlarks with food it came up to a distance of
50 em. from the nest. The male attacked the Starling, flying just over it. The
fight consisted in uttering notes of anger by both birds, flying no more than
50 cm. over each other, and assuming fierce attitudes. Finally, the tired birds
stopped fighting. However, when the Starling noticed a caterpillar hanging
from the Woodlark’s bill, it attacked this last in order to snatch away its prey,
but the attitude of threat assumed by both Woodlarks, the male and female,
made the Starling fly off.

Translated into English Department of Zoology,
by Jerzy ZAWADZKI The Heigh School of Agriculture,

Olgztyn, Kortowo, Poland
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STRESZCZENIE

Przedmiotem niniejszej pracy jest biologia skowronka borowego, populacji
zamieszkujgcej bory sosnowe Puszezy Rzepinskiej. W latach 1962—1966
objeto badaniami 51 par tych ptakéw i 31 gniazd. Przy 11 gniazdach pro-
wadzone byly obserwacje ciggle, od S$witu do zmierzchu, w bezposrednim
sgsiedztwie gniazda (fot. 1) przez 575 godzin w czasie wysiadywania jaj i 1240
godzin, w okresie karmienia pisklat.

Obserwowana populacja w wiekszosci gniezdzila si¢ na zalesionych porebach
leénych. Rosty tam précz posadzonych sosenek roézne rosliny, stanowigce
m. in. oslone gniazd skowronkéw borowych (tabele T i IT).

Powrét z zimowisk nastepuje zwykle w pierwszej polowie marca (od 21. IT.
do 17. ITL.), zawsze w kilka dni po przylocie skowronka polnego, po catkowitym
stopieniu sie pokrywy $nieznej na bezdrzewnych powierzchniach (tabela III).
Stada ciagowe szybko rozwigzuja sie i samece zajmuja terytoria. Nawroty
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zimy powoduja ponowne lgczenie si¢ stad i zblizanie sie z terendéw lesnych
do wsi. Powierzchnie terytoriow gniazdowych, ktére samce bronig przed ry-
walami, majg 2—3 ha. Sa one trzykrotnie wigksze od terytoriéw skowronkdéw
polnych. O wyborze terytorium gniazdowego lub pokarmowego decyduja:
1) wysoko§¢ drzewek porastajacych powierzehnie zalesiong — u sosny opty-
malne warunku istnieja na zalesieniach 2-letnich, podezas gdy uprawy 7-letnie
$9 juz omijane (ryec. 1), 2) obecnodé drzew obserwacyjnych — najezedciej sg to
drzewa z otaczajacego wylesiong powierzehnie lasu, 3) wielko$é otwartej po-
wierzehni — wirod zwartych starych laséw musi ona wynosi¢ przynajmniej
2 ha.

Samce sygnalizujg zajecie terytorium Spiewem. Wyrdznia si¢ u nich 5 ro-
dzajow $piewu: $piew w locie, nadrzewny, naziemny, w czagie gonitwy i §piew
zaniepokojenia. 3 pierwsze, analizowane byly dokladniej. Na podstawie powta-
rzajgeych sie motywéw mozna wyodrebnié 5 réznych zwrotek. Najezelciej
skowronek borowy $piewa zwrotki z motywem ,dlidlidli...“, a najrzadziej trel
(rye. 2). Ilo$¢é motywow w jednej zwrotce waha sie od 5 do 12 (tab. IV), a dlugosé
trwania zwrotki 4—19 sekund (tab. V). W nastepstwie zwrotek brak pra-
widtowogei (tab. VI). Samce, ktére nie posiadaja jeszeze samie $piewaja naj-
intensywniej (do 94 min. jeden §piew — por. ryec. 5), gléwnie w locie (rye. 3)
i najwyzej — do 100 m nad ziemig. Z chwila polaczenia si¢ w pary inten-
sywno$é i dlugos¢ fpiewu samea maleje (rye. 4 i 5). Obniza sie réwniez wy-
sokos¢ lotu podezas $piewu do 50 m. Spiew na drzewie jest najbardziej typowy
dla sameow, ktérych samice wysiaduja jaja (rye. 3). Na ziemi samee $piewajg
najrzadziej — tylko przed okresem inkubacji. W ciagu doby najintensywniej
skowronki borowe §piewaja rano. Spiew w czasie gonitwy uslysze¢ mozna
jedynie podezas przepedzania innych osobnikéw z bronionego terytorium.
Spiewem zaniepokojenia reaguja samce m. in. na zblizanie sie obserwatora
do pary, ktora znajduje sie w poblizu gniazda. Samice réwniez S$piewaja,
krotkie zwrotki, gdy zmuszone przez sameca chwilowo epuszezaja gniazdo.
Wplyw popedéw na formy $piewu przedstawia tabela VII. Poped plciowy
najsilniej ujawniaja samee $piewem w locie i $piewem gonitwy. Terytorializm
wiaze sie ze $piewem nadrzewnym i réwniez §piewem gonitwy. Samece przestajy
$piewac, gdy rozpoezynajg karmienie pisklat. Jesienig, po polaczeniu si¢ w stada
i przy sprzyjajacych warunkach atmosferyeznyech, samce znowu Spiewaja jak
na wiosne, tylko krécej (do 28 min.) i czeciej na drzewie. :

W zaleznogei od brzmienia i okolicznogei, w jakich samiec i samica wydajg
glosy, mozna ich wyodrebnié 6: wabigcy, ostrzegawczy, niepewnofei, leku,
gniewu i stadny. _

W zachowaniu sie seksualnym sameca wobec samicy mozna Wyréznié:
rytmiczne podrywanie skrzydel, uklony, odwracanie sie od samicy, obroty,
rozposcieranie ogona z opuszezaniem skrzydel i kopulacje. Wobec rywali samiec
stroszy pidra stojac na wynioslo§ciach gruntu, przepedza intruza i toczy walki.
Samice poza postawa gotowosei do kopulacji nie wykazujg innych zauwazalnych
przejawow zachowania sie seksualnego.
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Wybér miejsca na gniazdo poznaé mozna po czestym przebywaniu obu
ptakoéw w tej czesei terytorium i mocowaniu w poblizu. W wiekszosei przy-
padkéw terytoria gniazdowe i pokarmowe si¢ pokrywaja. W mniej dogodnych
warunkach sgsiaduja z sobg.

Na polozenie gniazda pajwiekszy wplyw ma wysoko$é drzewostanu ota-
czajacego hezdrzewng zajmowang przestrzen. 809, badanych gniazd znajdo-
walo sie w odlegloSci do 4 wysokodel drzewostanu, a maksimum przypadato
na odleglo$é 2 wysokosei drzew od skraju drzewostanu (ryc. 8). Z tych od-
leglo$ei kat widzenia drzewostanu, tj. kgt miedzy linig horyzontalna, a linig
lgczgeq oko wysiadujacege ptaka z wierzeholkami drzew waha sie w granicach
15—45° (rye. 7).

Skowronek borowy umieszeza gniazdo pod kepa turzycy, trawy lub pod
drzewkiem (tab. 2). Wyboru miejsca dokonuje samica. Budowe gniazda roz-
poczynaja ptaki wydrazeniem dolka w ziemi. Na przekroju ma on ksztalt
paraboloidy o bardziej prostopadtych Sciankach przy twardym podiozu (rye. 9).
Srednica dotka waha sie w granicach 95—120 mm X 73—127 mm, a gleboko$d
34—73 mm. Samiec i samica drgzg rownoczednie, kazde swéj oddzielny dolek.
Jedna para wykonuje 2—4 dolkéw, z ktérych jeden jest wybrany do budowy
gniazda. Gniazdo budunje wylgeznie samica — rola samea sprowadza sie do
czuwania nad bezpieczenstwem. Dla kazdego nowego lub powtdérzonego legu
samica buduje nowe gniazdo, najezesciej w ktéryms z wykopanych uprzednio
dolkéw. Samica zbiera material w poblizu gniazda, a nastepnie lecge lub idge
znosi go do gniazda. W miare postepu budowy spada czestotliwo$é znoszenia
materialu, a wzrasta intensywnosé formowania wnetrza gniazda (rye. 10 i 11,
~tabela VIII). Odbywa si¢ ono przez wejscie samicy do wnetrza gniazda i przy-
ciskanie piersi do brzegu, przy jednoczesnym dreptaniu nézkami po przeciwnej
stronie. Obraca sie ona przy tym wokél osi gniazda. Samica zaczyna budowe
od brzegéw gniazda, a dno buduje na konecu (ryec. 13). :

W strukturze gniazda wyréznié mozna trzy warstwy: podkladows (z grub-
szych, zdrewniatych czgSei rodlin i z mchu), konstrukeyjna (giéwnie z traw)
i wyédcielajaca (wylacznie z drobnych korzonkéw) (rye. 14). Wlosy zostaly
znalezione tylko w 2 gniazdach. Ptaki dochodzg do gniazda z jednej strony.
Wedlug stron $wiata dojscie usytuowane jest od NW—NE (rye. 12).

Pierwsze jajo zostaje zniesione jeszeze w trakeie budowy lub po pewnej
przerwie (do 3 dni). Kazde nastepne jajo znosi samica w 24-godzinnych od-
stepach. Znoszenie jaj odbywa sie w godzinach rannych (6—9%). Wielko§é
pelnego zniesienia waha si¢ od 2 do 6 jaj (tab. IX). Wielko§¢ i ksztalt jaj od-
powiada opisom ze Srodkowej Europy. Waga jaj $wiezego wynosi 2.99—4.00 g
i spada sukcesywnie w miar¢ uplywu czasu wysiadywania. Na ogo6l ciezsze
jaja wiecej tracg na wadze niz lzejsze (rye. 15). Wysiadywaniem zajmuje sie
wylgeznie samica. Rola samea ogranicza sie do czuwania nad bezpieczenstwem
samicy w poblizu gniazda i W czasie zerowania. W 809, przypadkéw samica
przerywa wysiadywanie na wyrazne wabienie sameca. Pdzniej powraca z nim
razem lecge i ladujac w odlegtoscei do 6 m od gniazda. Po kazdym wejsciu na
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gniazdo dokonuje polobrotu i siada dziobem skierowana do wejscia. Wysia-
dujagca samica zapada w krotkie drzemki, wypatruje niebezpieczeristw, po-
prawia uklad jaj, wygladza wnetrze gniazda przez obroty i usuwa pasozyty.
Czestotliwo$é tych czynnosci w ciggu catego okresu inkubacji ilustruje rye. 16.
Samica skowronka borowego wysiaduje wyjatkowo ,twardo“ (Fot. 8). Wraz-
liwo$¢ na przeszkody spada w miare zblizania sie momentu wyklucia sie pisklat
(rye. 17). Sploszona z gniazda samica stara sie zwie$é wroga, lecac niewysoko
nad ziemia, trzepoczgc skrzydlami i rozposcierajac w sposéb charakterystyezny
ogon.

Wysiadywanie rozpoczyna sie w legach 5-jajowych juz po zniesieniu 4-go
jaja — w legach mniejszych po zniesieniu ostatniego jaja. Noc samica w tym
okresie spedza zawsze na gniezdzie. W ciggu dnia przerywa natomiast wy-
siadywanie w celu zdobycia pozywienia. Przerwy w wysiadywaniu 83 poczgt-
kowo dluzsze i skracajg sie w miare zblizania sie wyklucia pisklat (rye. 19).
Tlogé przerw w ciagu dnia natomiast utrzymuje sie mniej wiecej na tym samym
poziomie przez caly okres wysiadywania. Sredni czas kazdego wysiadywania
maleje od chwili przebudzenia si¢ o §wicie az do godz. 10—11, a po osiggnieciu
tego minimum wzrasta az do zasniecia wieczorem. Wielko§¢é przerw w wysiady-
waniu nie zalezy od pory dnia (ryc. 21). Podobnie wiec przedstawia sie in-
tensywnosé godzinowa wysiadywania (rye. 20).

Okres wysiadywania konczy sie w 13—15 dniu. Swiezo wylkhute piskle
zauwaza samica najezesciej (w 809, przypadkéw) dopiero w chwili powrotu
do gniazda z zerowania. Skorupki jajowe usuwaja skowronki borowe zwykle
przez polykanie ich zaraz przy gniezdzie. Rozpietosé czasu miedzy wykluciem
sie pierwszego i ostatniego pisklecia dochodzi do 18 godzin.

W ciggu niespelna 1 godziny po wylegu samica rozpoczyna karmié piskleta.
Samiec aczkolwiek karmi je tez od pierwszego dnia, rozpoczyna zawsze pozniej
od samicy. W ogromnej wigkszosci przypadkow calg poreje pokarmu otrzymuje
kazdorazowo jedno piskle. Ilo§¢ karmien wzrasta z kazdym dniem. Do 6smego
dnia zycia jedno piskle otrzymuje przecietnie 200 porcji pokarmu (ryc. 22).
Maksymalna ilo§é karmien wszystkich pisklat w ciagu 1 dnia wynosita 244 razy.
Globalng ilo§¢ karmien w ciagu przebywania pisklat w gniezdzie ksztattuja:
ilo§é pisklat, ilo§¢ dni ich przebywania w gniezdzie oraz indywidualna inten-
sywno§¢ karmienia danej pary. Czestotliwo§é karmien zmienia sie z wiekiem
pisklagt (rye. 24). Wplyw wielkosci legu na czestotliwo$é karmient ilustruje
ryc. 22. W legach czerwcowych czestotliwo$é karmien spada w stosunku do
leg6w majowych. Wydluzanie sie dnia powoduje rozpoczynanie karmien coraz
wezesniej przed wschodem stonica i korczenie ich coraz pdzniej po zachodzie.
W ciggu doby wahania czestotliwosei karmieni sg znaczne (rye. 25), wykazuja
jednak 2 charakterystyezne maksima: poranne i wieczorne. W miare wzrostu
pisklat ptaki dorosle coraz wiecej czasu poswiecaja w ciagu dnia zbieraniu
pokarmu. Czas potrzebny dla zebrania pelnej porcji pokarmowej na uprawach
sosnowych wynosi ok. 8 min.

Udzial sameéw w karmieniu pisklat jest zalezny od rozwoju pisklat i pory
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dnia. Aczkolwiek samica rozpoczyna karmienie, samiec juz w pierwszym dniu
karmi czesciej i jego przewaga utrzymuje sie do 4-go dnia — p6zniej samiec
i samica karmig prawie rownie czesto (ryc. 27). Zbiorezo jednak udziat samca
w karmieniu jest minimalnie mniejszy od udziatlu samicy. W ciggu doby naj-
intensywniej samce karmig rano, gdy samice pozywiaja sie same po nocnym
ogrzewaniu pisklat (rye. 28).

Wydalane odchody usuwajg karmigce ptaki podobnie jak skorupki jaj
przez polykanie albo przez wynoszenie poza gniazdo. Do 6 dnia zycia pisklat
przewaza polykanie odchodéw, w nastepnych za§ wynoszenie. Im wiecej jest
pisklat w gniezdzie, tym szybeiej ustepuje forma usuwania odchodéw przez
polykanie na korzy$¢é wynoszenia (rye. 30). Samiec wynosi do 5. dnia zyecia
pisklat wiecej odchoddw, a pézniej mniej od samicy (rye. 31). Ilo§é wydalanych
odchodow wzrasta do 6. dnia zycia i utrzymuje sie na tym poziomie do 11. dnia,
by potem stopniowo si¢ zmniejsza¢ (ryec. 29). Przecietnie 3 karmienia przy-
padaja na jedno wydalanie odchodéw. Skowronki borowe wynoszg procz skorup
jaj 1 odehodéw réowniez i martwe piskleta, jaja zepsute pozostawiaja natomiast
W gniezdzie.

We dnie samice poza karmieniem chronig piskleta przed zimnem, deszczem
i zbytnig insolacja (fot. 16). Dlugosé czasu ogrzewania zalezy od wieku pisklat
i ich ilodci (rye. 33 1 34). Ogrzewanie w ciggu dnia ustaje prawie zupelnie
w legach o 5 i 4 piskletach w 5. dniu, o 3 piskletach w 6. dniu, a w legach
z dwoma piskletami w 8. dniu. W nocy samica ogrzewa je natomiast zwykle
do 8. dnia. Kazdorazowy silniejszy opad atmosferyczny samice spedzaly zawsze
na gniazdach, chronige piskleta w ten sposéb przed zmocezeniem. Po opuszezeniu
gniazda piskleta jednak nie chronig sie pod samice i w dészczowej pogodzie
czesto ging. Opieka samicy nad piskletami polega réwniez na usuwaniu pa-
sozytow. Ponadto kilkakrotnie stwierdzitem walke samicy z gasiorkiem w obronie
pisklat i specyficzng postawe wobee kukulki.

W rozwoju pisklat mozna wyrdznié 3 okresy: wzrostu postembrionalnego,
wzrostu szybkiego i powolnego. Najintensywniejszy wzrost wagi przypada
na 2. okres tj. 3—11 dzien zycia pisklat (rye. 35). O wzroscie wagi pisklat de-
cyduje ilo§¢ karmien i wielkodé keséw. W duzych legach stosunki pod tym
wzgledem s niekorzystne (tab. XI). Zwiekszony metabolizm spowodowany
stratami cieplnymi zmniejsza rowniez przyrost wagi pisklagt w legach o 2
piskletach, mimo wigkszej ilogei karmien. Dobowy przyrost ciezaru pisklat
w dniach 4—7 utrzymuje si¢ na tym samym poziomie (ryc. 36), co powoduje
systematyezny spadek wzglednego przyrostu ciezaru (rye. 38). W tym samym
gniezdzie zréznicowanie ciezaru poszezegdélnych pisklat jest nieznaczne, gdyz
piskleta najlzejsze po 2 dniach osiggaly najwieksze przyrosty i tym samym
wyréwnywaty swoj niedob6r wagi (rye. 37). Swiezo wyklute piskle wazy
2.00—3.07 ¢ i jest pokryte 133 piérami puchowymi w 13 oddzielonych od
siebie polach. Zajady sa siarkowo-zélte. W gardzieli widaé¢ 4 ciemne plamki
(fot. 9). Ciato poczatkowo woskowo-zolte przebarwia sie w ciggu 5 dni z wierzchu
na szarawy kolor, a od spodu na cielisto-rézowy. Od 5. dnia zycia piskleta
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widza. W 8. dniu pierwsze pidra przebijaja stosiny. Bezpierzki brzucha przy-
kryte sa przez piéra dopiero w 11. dniu zyecia (fot. 17). W 13. dniu piskle ma
catkowicie wyksztalcone upierzenie mlodociane, réznigce sie od szaty ptakéw
dorostych zéttawa obwodka pokryw grzbietowych i okraglawym plamko-
waniem na piersi. Piskleta poczatkowo zwrdcone sg glowami do $rodka gniazda;
od 5. dnia glowy majg zwrécone w kierunku z ktérego nadchodzg stare ptaki
z pokarmem. Od 9. dnia wychodzg juz z gniazda naprzeciw karmigcym ro-
dzicom. Najweze$niej wychodzg naprzeciw piskleta w legach niedokarmionych
(np. przy 5—=6 piskletach). Opuszezaja gniazdo miedzy 10 a 13 dniem zycia.
Ploszone opuszezajg gniazdo wezesniej (nawet 8 dnia). Zwykle wszystkie
piskleta opuszezaja gniazdo prawie réwnocze$nie.

W pierwszych dniach po wyjsciu z gniazda wszystkie ptaki przebywaja
na tym samym terenie. Z chwilg uzyskania przez mltode zdolnosei do lotu,
przemieszezajg sie poczatkowo na zerowiska lesne, a jesienig przebywaja w bio-
topach obfitujacych w chwasty. Stadka rodzinne tacza si¢ przed odlotem
w coraz wieksze grupy. Odlot w okolicach Rzepina nastepuje zwykle w drugiej
dekadzie pazdziernika.

Pokarmem skowronkéw borowych sa glownie owady i nasiona chwastow
i drzew iglastych. Zbieraja go z powierzchni ziemi i nisko polozonych czesei
roflin. Wydziobujg réwniez pokarm przykryty cienkg warstwa ziemi. Dla
pisklat zbieraja go w promieniu do 100 m od gniazda. Z odlegtodei 0.8—2.0 m
obserwator moze rozpoznaé wiekszos$é zwisajacych z dzioba kesow. Zestawienie
wynikéw tych obserwacji przedstawia rye. 39. Wyniki analizy pokarmu pisklgt
zdobytego metoda KLUIJVERA (1933) przez uciskanie przelykow, przedstawia
tabela XIV i ryc. 40 i 41. IloSciowo najwiekszg grupe stanowig pajeczaki.
Wiréd owaddw przewazaja stadia larwalne (szezegélnie motyli) — w stadium
imago najwiece] bylo réznych chrzgszezy. Sklad pokarmu zalezy m. in. od
wieku otaczajacego tereny legowe drzewostanu. Przecietny ciezar poreji po-
karmu wynosit 0.159 g. Wielkos$¢ poreji wzrasta z wiekiem pisklat i przed
poludniem jest wieksza niz po poludniu (tab. XIII). Z wiekiem pisklagt na-
stepuja zmiany w skladzie ich pokarmu. Przybywa, kosztem pokarmu zwie-
rz¢cego, ilo§é pokarmu roslinnego i wraz z nim ilo§¢ kamykow ulatwiajacych
rozeieranie nasion (rye. 41).

Wiekszodé par wyprowadza tylko 1 leg — czeste jest jednak powtorzenie
pierwszego legu po stracie. Srednia wielko$é legu wynosi 3.97 jaj. Z tego wy-
kiuwa si¢ 1.08 pisklat, a tylko 1.85 opuszeza gniazdo. Ogélnie (razem z rzadko
wystepujacymi drugimi legami) §redni przyrost roczny wynosi 2.04 pisklgt
na pare ptakéw przystepujacych do rozmnazania. Wéréd ezynnikow reduku-
jacych populacje wymienié mozna niekorzystne warunki atmosferyczne, dra-
pieznictwo ptakéw i niszezgea dziatalnoéé czlowieka.

W opisach réznego sposobu zachowania sie zwrécono uwage na charak-
terystyczne sposoby chodzenia zaniepokojonego ptaka, picie wody, kapiele
piaskowe oraz noclegowiska. Noclegowiska rozpozna¢ mozna po skupieniu duzej
iloei odchodéw w jednym miejscu. Skowronki borowe poza gniazdem $pig
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skulone pod ostong rolin, zwrécone glows w kierunku zachodzacego stotica.
Opady atmosferyczne przetrzymuja skurczone przywierajac do ziemi i tylko
w jednym obserwowanym przypadku wiekszy grad zmusit samea do schowania
sie pod okapem mlodych sosenek. Samice na gniezdzie wytrzymywaly wszelkie
burze, grady, a nawet przysypanie 3-centymetrowsg warstwa $niegu. Obecnosé
w poblizu ptakéow i ssakéw nie zagrazajacych zyciu skowronkow borowych
(np. sarna, zajgc) nie niepokoi ich. Reaguja natomiast znieruchomieniem na
obecnosé jastrzebia, myszolowa, blotnika stawowego, kukultki, séjki i dzierzby
gasiorka. Glosy ostrzegaweze innych ptakéw wywoluja u skowronkéw boro-
wych odruchy zaniepokojenia i czujnogei.

PESIOME

IIpenmerom HacrosAmiel paboThHI SBIACTCA OHOJIOTUA IOJBI (JIECHOTO >KABOPOHKA),
nonyJsnuy oburaromeil B cocrosom Gopy Menmuckoit myum. B 1962—1966 rr. nccie-
nmosano 51 mapy ortux mrun u 31 rumesmo. ITpu 11 ruespmax MpoOBOOMIIMCH IIOCTOSHHBIE
HaOJIIOICHUA OT paccBera IO CYMEPOK, B HEIOCPECTBEHHOM cocencrse ruesma (dor. 1)
uepes 575 4acoB BO BpeMs BBICKKUBAHUA HA sinax u 1240 yacoB BO BpeMsi KOpMIIE-
HUS TITEHIOB.

Habmogaemass momyysinyuss B OOJILIIMHCTBE CIIYUaeB THE3IMIIACH, HA OOGJIECECHHBIX
JIECHBIX 3acexax. Kpome ITOCAIKEHHBIX COCEH TaMm POCIH DA3IMUHBLIE PACTEHHA, 3auiv-
mast ruésma ronn! (tabn. I u IT). :

Bosppamenne 13 3uMoBOK OOBIYHO npoucxomur B 1 mosjosune mapra (or 21. II
mo 17. III), Bcerma HECKONBKO JHEH IMO3)ke HPUiIéra IMOJIEBONO YKABOPOHKA, IIOCTE
TIONIHOTO TAasHMs CHEYKHOIO IIOKpoBa Ha OeaiecHbIX Iwromansx (rads. III). Ilepenér-
HbIe CcTafa OBICTPO PACHAAIOTCS ¥ CaMIlbl 3AHUMAIOT TeppuTopuu. Bosspalienue UMbl
BBISBIBAET MOBTOPHOE OOBEMHEHNE CTaf ¥ MPUOTIHKEHHE MX M3 JICCHBIX TePPHTOPHIT
K JepesHe. IDmomagu IHE3NOBBIX TepPUTOPU, KOTOPBIE CAMUBI OBOPOHSIOT TEPEL
COIICPHUKAMU COCTaBJIAT 2—3 ra, T.e. Brpoe GoJblIe YeM TOJEBBIX YKABOPOHKOE.
O BeIOOpPE THE3MOBOH TEPPUTOPHUH PEIIatorT: l. BBICOTA AEPEBHEB, pacTylIUX HA 00Je-
CEHHOM INIOIaJM — y COCHBI ONTHMAJBHBIC YCIOBUS CYLIECTBYIOT HA OOJIECEHHBIX
JIBYTO/IMUHBIX TUIOMIA/IIX, TOra KaK 7-JIETHHE KyIsTyphl onu o6xomsar (ur. 1), 2. mpu-
CyTCTBHE HaOJIONATEILHBIX HAEPEBLEB — YAllle BCELO 9TO JEpeBbs H3 JIECA, OKDYIKAIO-
Ero Ge3JIECHYI0 JIECHYIO IMOBEPXHOCTH, 3. BEIMUUHA OTKPLITOH MOBEPXHOCTU ~— CPEIU
LYCTBIX CTapbIX JIECOB OHA [IOJDKHA COCTAaBJISITh HE MeHee 2 ra.

O OKKyImMpoBaHWK TEPPUTOPHM CAMIbI CHUTHAIM3UPYIOT IEHUEM. ¥ HUX OTMEUCHO
5 BUJIOB NEHMA : IICHUE Ha JIETY, Ha JEPEBE, HA 3eMIle, BO BPeMsI 0era U BO Bpems 6ecmo-
KoHcrBa. T'pu nepBeIx IMEHU IPOAHATMBUPOBAHO 0oJee OOCTOATENBHO. Ha OCHOBAHMU
IOBTOPAIOIIMXCA MOTHBOB MOYKHO BBIJEJUTH 5 pasiMUHBIX KyIDIeToB. Ualme oja MoET
KYIUIETBI C MOTHBOM NI ..., & PEeyKe BCEro ,,Tppin‘... (dur. 2). Komrue-
CTBO MOTHBOB B OJHOM KyIulere Kojebiercst or 5 mo 12 (ra6i. IV), a mpomoinKUTeNIb-
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HOCTb OfHOro Kymulera 4—19 cexynn (1abi. V). B mociemoBaTenbHOCTH KYIUIETOB HET
3axoHoMepHocTH (Tabi. VI). CaMupl, y KOTOPBIX HET elif CaMoOK II0IOT HauboJiee MHTEH-
cuBHO (10 94 MuH. oHO meHHu—Ccp. bur. 5), raBusM o0pasom Ha Jery (dur. 3) u Hau-
Gornee BBICOKO — 10 100 m Ham 3emnéit. C MOMEHTA COCQUHEHHUS MApPbI MHTEHCUBHOCTD
U JUmHa rmeHust camua ymegsiuaercst (dur. 4 u 5). ITommxaercs Takyke BbICOTA IOJNETA
BO Bpemst meHuss o 50 m. Haubollee TUNUUHBIM SIBJISIETCS TEHHE HA JIepeBe T CaM-
1I0B, KOTOPBIX CAMK{ BBICK>KHBAIOT Ha sifmax (pur. 3). Ha semie camIfbl IOIOT perke
BCEr0 — TOJIBKO IIEpeln uHKyOamueidi. B Teuennum CyTOK HamboJee HHTEHCHUBHO IOJIA
o€t yrpom. Ilenwie BO BpemMs Ipobera MOYKHO YCIHBIIIATH JIMIG IPU IIPOTOHAX HHBIX
ocobell u3 3amuiaenoit reppuropun. Ilenmem GeCOKOUCTBA PEATHPYIOT CAMIBI, MEYKIY
NIPOUMM, Ha NPHOILKeHHe HAbJIIofaTesIs K mape, Haxojsmeiica BOmsu ruesma. Camku
TAKOKE IOIOT KOPOTKUE KYIUIETHI, KOT[A CaMI[bI 3aCTaBJIAIOT UX HAa KPaTKOBPEMEHHBIN
OTXO[ OT T'He3[a. BimsHue MOJOBOro. BiCUCHHSA Ha (HOPMBI IIEHHS IIPEICTaBJIEHO B Ta-
ommme VII. Camupbl IpOSIBIISIOT IIOJIOBOE BJICUCHME HAUOOJIEe CHJIBHO IIEHHEM Ha JIETy
U TICHUEM TOHKHU. TeppUTOPHANBHOCTS CBA3aHA C TICHUEM Ha JEPEBE U C IICHHEM TOHKH.
Camipl IIPEKPAIaIoT IETh, KOIr/la HAUMHAIOT KOPMUTH IITeHIOB. OCEHBIO, IIOCIIE COeIy-
HEHUSI B CTajid, Ipu OJIATONPHUATHBIX aTMOC(EPHBIX YCIOBHUSAX CaMIbI ONATH IIOIOT,
KaK BECHOH TOJILKO Kopoue (1o 28 MUHYT), ¥ uaiie Ha aepeBe. MOYKHO BBIIEIUTDL 6 I'0-
JIOCOB B 3aBHCHUMOCTH OT OOCTOSATEILCTB U 3BYUAHHSI, B KOTOPBLIX CaMell M CaMKa M3JaroT
UX: TIPUBJIEKATEIBHBIN, IPEIOCTEPErarouii, HeyBEepEHHBIH, IIyIIUBbIA, THEBA U CTali-
HBII.

B monoBom moBemenry camia B OTHOIICHHM K CAMKE MOYKHO BBIJCIIHTH: DPUTMH-
YecKoe B3AEPIUBAHME KPBUIbAMHI, IIOKJIOHBI, OTBOPAUMBAHUE OT CAMKH, OOOPOTEHI,
IIPOCTHUPAHHE XBOCTA C OIYCKAHWEM KPBLUIBEB M KONyJIALUIo. K comepHumKam camert
B3BEPOIINBACT IIEPHsT, CTOSI HA BOSBBIIIEHHOCTH 3EMJIM, IIPOTOHACT IIPHUILEIIBIA 1 BEAET
0ou. YV camoK KpOME IO3UIUHA TOTOBHOCTH K KOIIYJISIIIUH, IPYIUX ITOJIOBBIX IIPOSIBIICHUI
HE OOHAPYIKEHO.

BriGop mecra ma rHesgo MOYKHO Y3HATH IO UACTBIM NMPEOBIBAHMAM Iapbl HA JAHHOL
YacTH TEPPUTOPUH U HOUEBAHMU UX BOJIM3K. B OOJBIIMHCTBE ClyuaeB rHE3HOBBIE U KOP-
MOBBIE TEDPHUTODUM COBIAJAIOT. B MeHee OIaronpusiTHBIX YCJIOBHAX OHM HAXOMATCA
II0 COCEJICTBY.

Ha pacnosniorxenne ruesma HauGosbliee BJIMSHUE HMEET BLICOTA APEBOCTOS, OKPY-
KAIOIIEr0 3aHUMAEMYIO TEPPHTOPHIO, JIMIISHHYIO mepeBbeB. 809, HCCIEOBAHHBIX
THE3MT HAXOMWJIOCH HA PACCTOSHUU 0 4 BBICOT JIPEBOCTOSA, 2 MAKCHMyM IIPUXOJIMIIOCH
Ha PAaCCTOSIHUU 2 BBICOT J(epeBheB oT omymxu Jeca (¢ur. 8). M3 aTHX pacCcTOSHUN yroJl
BHUJUMOCTH, T. €. YTOJ MEKY TOPUSOHTAIBHON JIMHUEH W JIMHUEH COCHUHSIOIEH IJjas,
BBICIDKUBAIOIIEH NTHILI, C BEPXYIIKAMH [ePEBBEB KOJIEOJICTCSI B IIpeAesiax 15545
(dur. 7).

IOma BBET rHE3MO MO MyYKOM OCOKM, TPaBbI WM IOJ jepeBliom (tabi. 2). BriGop
Mmecra pgenaeT camka. CTpoeHHe THE3[a HAUMHAIOT ITHIBI W3 BBIHAIOIMBAHUA JIYHKH
B 3emuie. Ero ceuenme mmeer Qopmy mapaGosoufbl Ipu Gosiee IEPHIEHAUKYIIIPHBIX
CcreHKax Ha TBEpmom cybcrparte (dur. 9). IMuamerp JIyHKH KOJIeOiIeTCsT B IIpenesiax
95—120 mm X 73—127 MM, a ray6buma 34—73 mm. Camer; u camia ,,BBIKAIIBIBAOT
o opmoi syHke. Oua mapa menaer 2—4 JIyHKU, U3 KOTOPBIX OJHY BBIOHPAIOT Ha II0-
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crpoenre ruespa. I'mesgo crpomt TosbKo camia. Camer sxe xapayiur eg. s Kak-
IIOr0 HOBOI'O MJIM IIOBTOPSIEMOIO BBLICKHDKHMBAHUS CaMKa CTPOMT HOBOE THE3J0, Yalle
BCEro B OIHOM U3 CHeIaHHBIX JIyHOK. Camia co0upaer marepuas BOJIM3M THE3[a, a 3a-
TeM JIETUT WM WIET ¥ HeCET ero K ruesgy. Co BpeMEHEeM YacToTa CHOCA MaTephajia Iia-
JlaeT M BO3PACTAET MHTEHCUBHOCTH (DOPMHUPOBAHHA BHYTpeHHel uactu ruesma (¢ur. 10
u 11, rabx. VIII). Oto mpoucxogur myTém BXOJA CAMKM BO BHYTPH THE3[A U IIPUIKH-
MaHUsI I'PYIAM K KParo, IPH OJHOBPEMEHHOM TOIITAHUM HOYKKAMH II0 IIPOTHBOIIOJIOMKHOM
cropore. ITpu 9ToM OHA TOBOpAYMBACTCS BOKPYr OcH rHesma. CamMKa HAUMHAET CTPOe-
HHE OT Kpaés THE3MA, a HaKOHeW ero juo (pur. 13).

B crpoenuu ruesjma MOYKHO BBIAENUTH 3 CIIOST: OCHOBHOH (43 GoJiee TOJICTBIX, Ofe-
PEBEHEBIIMX YacTedl PacTeHMi M M3 MXa), KOHCTPYKIMOHHBIH, IJaBHBIM 06pasoM M3
TPaB, U BBLICTUIAIOWMI (MCKIIOUMTEIPHO M3 MEIKUX KOpemKoB) (dur. 14). Bomockr
Hafijieno b B 2 ruésgax. IITHnbI JOXOMAT K THE3MY C OfHOM cTOpoHBI. Iloaxon ocy-
LIECTBJIACTCS M3 CEBEPO — 3amaja K CeBepo — BOCTOKY (dur. 12).

IlepBoe siiI0 camMKa CHOCHT BO BPEMS CTPOEHHS IHE3[a MM II0CIe HeGOIBIIOro
nepeppiBa (o 3 gmeit). Kaxkmoe ciiefyroniee siiljo caMKa CHOCHT M3 CYTOUHBIMK IIPO-
merikyrkamu. Kitagka sun npoucxomur B yrpenHde yackl (6—94). Bemmuuza II0JIHOM
KJIAKK KoJieOsercst ot 2 1o 6 stun (tabi. 9). Benuuuma m dopma sMI[ COOTBEICTBYET
ormcanuio u3 Cpenueil EBponsl. Bec ceyxero sifna cocrapisier 2.99—4.00 © 1 mocie-
MOBATEJIbHO IaJjaeT CO BPEMEHEM BBICH)KHBAHHA. B ofiiem, Gosee Tspxénble siiina Tep-
sII0T 60JIb I11e Ha Bece ueM JIErkue (dur. 15). BpICHyKUBaeT HCKIIOUMTENBHO camKa. Pojn
CaMIia OrPAHMYMBAETCA K IPUCMATPHUBAHUIO 32 GE30IIaCHOCTHIO CAMKM BOIM3KM THE3TA
U BO Bpems moOpiBamua mamu. B 809, ciyuae camxa npepblBaeT BBICHYKHBAHHME HA
OTUSTIIMBYIO NPUMAHKY caMIla. 3areM BO3BPAIlAeTCsI BMECTE C HUM U IIPHU3EMIIAETCS
Ha paccrosHud 1o 6 M or ruesma. ITociie KayKgoro BXOA B THE3HO IIPOAENIBIBAET IIOJI-
000poTa M CaUTCA KIIOBOM IO HANPABJIEHMM K Bxomy. CaMKa BO BpPEMS BBICIIKI-
BaHUs KOPOTKO JIPEMJIET, BBICMATPUBAET OIACHOCTH, ITOTIPABJIIET DPACIIOJIOMKEHUE SIHII,
BBINIYKUBACT BHYTPEHHIOID YacTh THE3/a 000pOTaMM M yHaJIAeT IIapasuToB. Jacrory
9TUX JICHCTBUH Ha NMPOTSHKEHMH BCedl MHKyOanmu mokasano Ha ¢ur. 16. Camxa 1oysl
BBICIDKHBAET HUCKIIIOUUTEIBHO ,,TBEPI0. UyBCTBUTENBHOCTh HA TPErpajbl IAfaeT IIo
Mepe COMWKEHUsT MOMEHTA BBUIYIUICHWst IreHroB (dur. 17). Bemyrassele camMkg mpu
PHE3/IE NBITAIOTCS OOMAHYTh Bpara, JIETask HEBBICOKO HAJ 3€MIIEH, TpereTass KPbLIbIMU
U PacKIaibIBasi CBOMCTBEHHBIM 00pa30M XBOCT.

BricmwxuBanue HauMHACTCS IOCIIE KIAMOK, COCTOSAIIMX M3 5 AMI[ yyKe Iocie 4 siina,
a B KJI/IKax MEHBLINX IIOCIC KOHEUHOro fAia. B aT0T Imepumoj camxa HOUL MPOBOIHUT
Bcerga B ruesfe. [[HéM ke OHA, Ha HEKOTOPOE BpEMs, NOKHUAAET THE3N0 B IOUCKAX
Kopma. IlepeppIBEI B BBICH)KMBAHM U BHAYAJE IJIMHHEE, COKPANIAIOTCA 110 Mepe cOum-
KEHHsI MOMEHTA BBUIyIJIeHust IteHoB (gur. 19). KommvecTBo mepepbiBoB THEM yiep-
YKUBACTCS TIOUTH HA OJMHAKOBOM YPOBHE UePe3 BECh IIEPHOJ BBICIKUBaHMA. Cpequsas
IPOIOIKUTEIIBHOCTS BPEMEHH KaKIOTO BBICH)KUBAHUS YMEHBINAETCS OT MOMEHTA IIPO-
Oy»genus Ha paccBere 0 10—11 4acoB, a IOCIE JOCTHXKEHHS STOrO MHHHMMyMa BO3pa-
CTaeT 0 IOIPY>KEHUs B COH BedyepoM. KoamuecTrBo IepepblBOB B BBICIDKUBAHHM HE
3aBUCAT OT BpemeHu JHA (ur. 18). IToxorxell KayKeTca UacoBas MHTEHCHBHOCTD BbI-
cwxuBanusa (dur. 20). / j
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ITepuon BBICIWKMBaHMS 3aKaHUMBAETCA K 13—15 muio. CBeXEeBBUIYNUBIINXCS
ITEHIIOB CaMKa 3amMeuaeT Jarie Bcero (B 809, cilyyaes) JIMIIb B MOMEHT BO3BPATa K THE3Y
U3 100b19u KopMma. SireBble CKOPIIYIIBI 10J1a YAasAeT O0BIYHO IyTéM IVIOTAHUS UX K
ruesge. ITpomerkyTOK BpeMEeHH MEXKAY BBUIYIIEHHEM [EPBOrO M IOCIETHETO IITEHIA
Joxogut o 18 uwacos.

IToutu yepe3 uyac 1mocjae BBUIYIJIEHHs ITEHIA CAMKA HAUMHAET €r0 KOPMHTb. XOTS
camel] KODMUT HUX TaKyKe€ C IIEPBOTO JIHS, HO OH HAUMHAET BCEI/a II03YKE CaMKH. B 1o-
JABJIAIOIEM OOJIBIIMHCTBE CIIyYaeB IIQJYIO IIOPLEIO KOPMa IONyYaeT KAKABIH pas
oguH nTeHer. KomamyecTBO KOPMIEHHI BO3pacTaeT C KKAbIM guéM. K § mHIO »Kusznu
OJuH TTeHen noiydaeT B cpegaem 200 mopruit xopma (dur. 22). MaxcumaasHOe KOJIH-
UYECTBO KOPMJICHMI BCEX ITEHILIOB Ha NMPOTsDKEHUH | must cocraBiiswiio 244 pasa. Obujee
KOJIMYECTBO KOPMJIEHHH B TEUEHHU IPEOBIBAHUS NTEHIOB B THE3E ONPEAEIISAIOT: KO-
JIMUECTBO ITEHIOB, BPEMs NpeOBIBAHHA HMX B IHE3/IC U WHIUBHAYAILHAS HHTEHCHB-
HOCTh KOPMJIEHMs JaHHOH mapbl. JacToTra KOPMIICHUS HM3MEHSETCS C BO3PACTOM IITEH-
noB (¢dur. 23). BausHue BeIMUMHBI BBIBOJKA HA YACTOTY KOPMIJICHHI MILIIOCTPUDYET
¢urypa 24. B HIOHBCKHX BBIBOAKAX UYACTOTa KOPMJICHUI IMAafaeT B CPaBHEHMH C Maii-
CKUMH. Y[IJIMHEHHE [OHA BBISBIBACT yUAllleHHE KOPMJIEHMH IIEPE] BOCXOIOM COJIHIIA
Y 3aKaHYMBaHME MX BCE IO3)Ke Iocie 3amafa. Kosebanus 4acToThl KOPMIEHUH HA IpO-
TSDKEHMM CYTOK SIBJIAIOTCA 3HAUUTENBHBIMH (dur. 25), ommako oOHApY»UBAIOT 2 Xa-
PaKTepHble MaKCHMyMa: yTpeHHHe M Beuepuue. Ilo mMepe pocra NTEHIOB B3pOCIbIE
OTUIBI BCE GOJIbLIE BPEMEHM Ha MIPOTSAYKEHHM JHS IOCBSIIAIOT J00bIuM mminu. Bpems,
HeobxoguMoe Ha cOOp TOJIHOM KOPMOBOA HMOPIMM, HA COCHOBBIX IIAHTALIAX COCTABIITET
OKOJIO § MHUHYT.

Yuacrue caMIOB B KOPMJICHUM NTEHIOB 3aBUCHT OT PASBUTUSA NTEHIOB ¥ BPEMEHI
nHs1. XOTA CaMKa HAYMHAET KOPMJICHHE, CaMel| YyKe B MEPBLIA JeHh KOPMUT YaIlle ¥ €ro
nepeBeC yAEp)KUBaerca J0 4 AHA. 3areM camel] U CamMKa KOPMAT IIOUTH OJMHAKOBO
(dur. 27). B cymme, camer] KOPMHT, OJHAKO, HESHAUMTEJIHHO MeHblIIEe camku. Ha mpo-
TSAYKEHUM CYTKH CaMIbl KOPMSAT YTPOM, KOI/ia CAaMKM HIIYT KOPM IIOCJIE HOUHOIO COrpe-
BaHusA nrennos (¢ur. 28).

OKCKPEMEHTBI YIAJSIIOT KOPMSIIHUE ITULBI TaK YK€, KaK SMUYHLIE CKOPJIYIBI, IIyTEM
TJIOTAHUS WUIA BBIHOCA M3 rHe3na. l[o 6 [HS >KU3HU NTEHIOB MpeobiiagacT IIIOTAHHE
9KCKPEMEHTOB, a 3aT€M HUX BBIHOC. Yem 00JibIlIe NTEHIIOB B THE3/IE, TeM ObICIpee yCry-
maer (opma ymaJeHHs 9KCKPEMEHTOB IJloTaHuem Ha moin3dy BbiHoca (dur. 30). Camer
BBIHOCUT 0OJIbIIIE SKCKPEMEHTOB JI0 5 [HS YKUSHU ITEHIOB, 4 3aTEM MEHBIIE UEM CAMKa
(cbur. 31). KoauuecTBo BBIIEIAEMBIX S9KCKPEMEHTOB BO3PACTAET 10 6 JIHSA YKU3HH U yHEp-
JKUBAETCs HA 9TOM ypoBHE mo 11 nms, a sarem mocrenmeHHO ymesbinaercst (¢ur. 29).
B cpegnem 3 xopmieHUsT IPUXOMATCS HA OQHO BhIAEIeHUe 9KCKpementos. IOma ynanser,
KpOME SAMYHBIX CKODJIYII ¥ 9KCKPEMEHTOB, TAK)Ke MEPTBBIX IITEHIIOB, HO HUCIOPYEHHBIC
sIIIa OCTaBJISIET B THESZE.

JHEM camMKM, KpOME KOPMIIEHHS, OXPAHSIOT IITEHIOB OT XOJIOAA, MOMKIA M JIMIIHEH
unconsAnuu (dor. 16). IIpomoirkeHne BPEMEHH COPEBa 3aBHCUT OT BO3pAcTa ITCHIOB
u ux KomuuecrBa (dur. 33 u 34). CorpeBanue Ha NPOTSKEHUM JHA IOYTH COBCEM IIpe-
KpaIljaercsi B BBIBOAKAX C 5 WM 4 mTeHnamy Ha 5 [ens, a ¢ 3 nreHnamu Ha 6 IeHb, B BbI-
BOOKAax C 2 mreHmamu Ha 8 menp. HoOUpIo »Ke caMKa COrpeBaeT UX OOBIUHO [0 8 mHSA.
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Bo Bpemst CHIIBHBIX aTMOC(EPHBIX OCATKOB CAMKH CH/IETH BCErTa Ha THE3AX, OXPaHsIA
IITCHIOB MEPE/ IPOMOKaHMeM. IITeHIbl, MOKMHYB IHE3/0, OHAKO, HE IPSUYTCS TIOJ
CaMKOl M BO BPEMS TOXKJIEBOH IOTOILI UACTO rubnyr. HeckosbKo pas s Habroman 3a
00eM CaMKH IOJIBI C COPOKOIYTOM B 000pOHE MTEHNOB M XapaKTEPHYIO 103y B OTHOIIE-
HUH K KYKYIIKE,

B pasButum mTEHIOB MOYKHO BBUIEIUTH 3 NIEPHUO/IA: MOCTIMOPUOHAIIBHOIO POCTa,
OBICTPOr0 M MeUIEHHOTO pocta. HanGosee MHTEHCHBHBIN POCT IPUXOAUTCST HA BTOPOI
nepuon T. €. Ha 3—I11 nens sxusnu nrennor (pur. 35). O pocre Beca NITEHIIOB PEILAET
KOJIMUYECTBO I{OpMJ’IeHI/II‘r’I U BEIMUMHA KOMKA TN . BOJII)IHI/Ie BBIBOJIKHA IIO 9TOMY IIOBOIY
SABIFIOTCA  HEBBITOAHBIMU (1ab. XI). VBenuueHHbIif MeTaGosmsM, BBI3BAHHBIE IIO-
TEPEH TENIA, YMEHBUIAET TAKYKE IIPUPOCT BECA ITEHIOB B BBHIBOAKAX C 2 IITEHITaMU,
HECMOTPSA Ha OoJblIee KOJMYECTBO Kopmilenuit. CyTOUHBIE IpHPOCT Beca ITEHIOB Ha
4—7 JieHb yNAepYKUBAETCA HA OJMHAKOBOM ypoBHE ((ur. 36), 4TO BBHISBIBAET CHCTEMa-
THIECKOE CHIKEHHE OTHOCHTENBHOrO Tpupocta Beca (dbur. 38). B ommom resme mud-
(epennpalma Beca OTAETBHBIK ITEHIOB HESHAYHTENHHA HGO CAMbIe JIETKUE IITEHIbI
IOCNIe 2 CYTOK JIOCTHIadd HAUGOIBIIMX IPUPOCTOB M TEM CAMBIM BLIPDAaBHUBAIN HE-
nocratok Beca (dur. 37). Ilremen, cpasy ske mocie BBLIyTUIEHHA, Becur 2.00—3.07 r
U TOKPBIT 133 myXoBBIME HEPHAMH B 13, OTHEIEHHBIX OT cebs1, moiax. 3aempl cepo-
KEnrple. B rioTke BuAHbI 4 TEMHDBIC ISTHBIIIKA (dor. 9). Teno BHAuare BOCKOBO-
JKEITOC M B TEUCHUH 5 JiHell CBEPXY M3MEHSETCS HA CepoBaThIif LBET, a CHU3y Ha Te-
JIECHO-po30BbIH. Ha 5 jmens »kusHu nreHIpr Busit. Ha 8 news mepsble IIEPBST TIPOOU-
BaioT crepykud. Yactm OpIONIKA MOKPBIBAIOTCS NEPhsIMH Jmmb Ha 11 JICHb JYKUSHUI
(dor. 17). Ha 13 meHp mTeHel] UMEET MOJIHOCTBHIO C(hOPMUPOBAHHOE OIEpPEHHE, OTIIH-
YAIOLIEECS OT OIEPEHHsT B3POCHBIX IITHI JKEITON KASMKON CIIMHHOIO IIOKPOBA U ITOYUTH
KPYIJIBIMA TIATHBIIKAMK Ha rpy/;u. IlTennsr BHavasze o0palienbl roNoBaMmu K CpeUHe
THE3/1a, 4 C 5 [IHs1 B HAPABJICHHMN NPIIIETA KOPMAMHMX ITar. Ha 9 mems BBIXOJISIT C THE3/A
Ha' BCTpedy KOPMAMM pojauTeasam. CIMIIKOM pPaHO TaK BCTPEUYaIoT PORUTENeil He
AOKOPMJICHHDIC ITCHIBI (Ipu 5—6 nrennax). OHE MOKUTAIOT THESJIO mexnay 10 u 13
AHEM y1u3HM. VCmyraHHble TOKMIAIOT THE3M0 ObcTpee (maske Ha 8 zep). OObIuHO
BCE NTCHUBI MMOKUJAIOT THE3/I0 O/IHOBPEMCHHO.

B mepseie iuu mociie BBIXOAA U3 rHE3JA BCE HITHIBI HAXOJATCS B OJHOH MECTHOCTH.
C momenTa NPHOOPETEHNsT BO3MOYKHOCTH JIETATE, NITEHIIBI JIETAT 32 KOPMOM B JIEC, 4 OCEHBIO
HAXOAATCA B OUOTOMAX GOrarTbX B COPHSKH. POIUTENBCKUE CTARKU OOBEIUHAIOTCS Me-
pen orin€rom Bcé B Gonpume rpynmel. OTaéT B OKpecTHOCTSX JKermma MIPOUCXOIUT
OOBIYHO BO BTOPOH IOJI0BUHE OKTSIOPSI.

IOna muraercs: mpeMMyINECTBEHHO HACCKOMBIME, CEMEHAMI COPHAIKOB M XBOHHBIX
Aepepbes. Kopm cobuparor M3 IOBEPXHOCTH 3EMJM M HHMSKO PACTIOJNOYKEHHBIX uacTeit
pacrenmii. MoryT BBIKIEBBIBATE TAKKE KOPM NIPUKPBITHIN TOHKHUM CIIOEM SCMIIA. s
ITCHIOB COOMpAIoT ero B pamuyce 70 100 M or ruesga. M3 paccrosaua 0,8—2,0 m
HAOJIOJATEN MOYKET BU/ETH JOBOJBLHO XOPOIIO OOJIBIIHHCTEO CBHCAIOIINX U3 KJIIOBA
KyCKOB Kopma. CONOCTABJICHHE HTOTOB OTHX HalJroziennii npeycrasyster durypa 39.
Hroru ananusa KOpMa IITEHIOB HOOBITEIX 10 Meroxy Kimoiisepa (1933) myrém markuma
Ha IMINEBON, moXaspiBaer Tabmmua XIV u ¢uryper 40, 41. Ilo KOJIMYECTBY, HAHOOJIb-
HIYIO PYINIY COCTAaBJIAIOT NayKooOpasHble. CPeqyu HACEKOMBIX MPEOBIANAIOT JIMIKHOU-

%
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mple cramuu (oco0eHHO 6afoueK) — B CTANHM MMAro IPeoGIIafialld PasuyHbIE HKYKH.
CocraB muIy 3aBUCHUT, MEXKIY IIPOUHM, OT BO3PacTa APEBOCTOS, OKPYYKAIOUIEro BbI-
BOJIKOBBIE MECTHOCTH. Cpemmﬁ BEC KOpMOBOH mopuuu coctaBistit 0,159 r. Bemmumua
[OPIMK YBEJIMUHUBAETCSI C BO3PACTOM NTEHIIOB M IIEpe] IOJIyJHeM OHA OOJIBIIE, UeM
nocie mosymus (tabn. XIII). ITo mMepe pOCTa ITEHIIOB M3MEHSETCS TAKIKE COCTAB HX
xopma. Co BpeMeHEM, KOJIMYECTBO YKHUBOTHOTO KOPMa YMEHBIIAETCS, a PACTUTEIIFHOIO
YBEJIMYMBACTCA BMECTE C KaMyIIKaMy, OOJIErJarollMMM pactupanue cemss (¢ur. 41).

BoJIBIIMHCTBO TIap JIMIIG OJUH Pa3 BBIBOIAT NTEHIOB. OQHAKO mocie IuOend BbI-
BOIKA CaMKa YacTo HOBTOpseT KiIaaKy. CpegHsas BeIMUYMHA KIAgKu cocrasisger 3,97
stmn]. W3 mux Bputyroiercs 1,08 mrennoB u Toypko 1,85 moxumaer ruesmo. B obiiem
(BMecTe C peIKO BCTPEUYAOIIMMUCS IIOBTOPHBIMM KJIAAKAMM) CPEIHMI TOJUUHBIA IPU-
poct cocrapssier 2,04 NTEHIIOB HA Hapy IITHI[, IPUCTYNAIOMINX K pasmMuokeuuo. Cpenu
(hakTOpOB PemYIUMPYIOUINX IOIYJISALHIO, CIEAYeT Ha3BaTh HEOJIArompHUsITHRIE armocep-
HbIE YCJIOBUsI, XMUIHUUECTBO ITHI] M UEJIOBEKA.

B ommcanusax IMOBEAEHUS NTUI] 00pAIl[eHO BHUMAHHE HA XapaKIEPHBIE CIIOCOOBI XOMK~
JEHUsT, TIUNThEe BOMIBI, KyIIAHHE B IeCKe U Houenauue. HOUEBKH MOYKHO y3HATH IO GOJIb-
IIOM KOJIMUECTBE 9KCKPEMEHTOB B OgHOM Mecre. IOyia BHe rmespma Cnur CKOpYEHHAS
TIOJI PACTUTEJIBHBIM IIPHMKDBITHEM, OOpaljeHa IOJIOBOM B HAIPABJICHHU 3aXOMIALIErO
comnuua. ATmocdepHble 0CaIKU BBIIEPYKUBAIOT CKOPUYEHHBIE K 3eMile. T'0JIBKO B OJTHOM,
HAOJIFOHaeMOM CTyuyaeB, OOJIBIION Ipaj 3aCTaBUII CaMIla K IMPSTKE II0J] HABECOM MO-
JIOOBIX COCEHOK. Beskme GypH, pafbl U JaXkKe MPUCHIIKY 3-CM CIOEM CHEra BBIIEPYKU-
BaJM CaMKH B rHespe. IIpucyrcrBre BOJIM3KM NTHI U MJIEKOIMTAIOUINX, HE YIPOXKAIO-
IUX JKUSHU FOJIBI (HIp. KOCyJsI, 3as1) He Oecroxour ux. Ilpuw mosiBiienuu sictpe6a,
KAaHIOKA, KAMBIIIEBOIO JIVHST, KyKYIIKH, COPOKOIYTA KyNaHa OHE 3amuparor. Ocre-
peraromye roJochl JPYTUX IITHI] BBISBIBAIOT y IOJBI peduiekc OecroxoiicrBa U Omu-
TEJIBHOCTH.






Plate XII

Phot. 1. A blind situated in the close neighbourhood of a nest, which is marked with a stick
get in the ground
Phot. 2. A pre-breeding roost, marked by the presence of compact clods of feaces
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Plate XIII

Phot. 3. A Woodlark’s nest with a full clutech of 5 eggs
Phot. 4. An incubating female Woodlark
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Plate XIV

Phot. 5. An incubating female in the posture of anxiety
Phot. 6. An incubating female on the watch for an enemy from the air (a Jay that was flying
over)
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Phot. VI

B. Mackowicz
Phot. author



Plate XV

Phot. 7. A female romoving parasites from its feathers on the nest
Phot. 8. A touch of the bill of the female in the last phase of incubation does not release
the impulse to fly away



Acta Zoologica Cracoviensia, v. XV Plate XV

Phot. 8
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Plate XVI

Phot. 9. The hatching of young Woodlarks
Phot. 10. A male Woodlark carrying an egg-shell away from the nest after the hatching
of a young
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Plate XVII

Phot. 11. Four-day-old Woodlark nestlings in the nest
Phot. 12. Common feeding of the young in tue nest by the female and male (there are 4
nestlings in the nest)



Acta Zoologica Cracoviensia, v. XV Plate XVII

Phot. 11

Phot. 12

R. Mackowicz
Phot. author



Plate XVIII

Phot. 13. A female Woodlark approaching the nest with an 8-day-old nestling coming off
the nest to meet it. The arrow indicates a distinctive character of the female
Woodlark: 2—4 dark feathers on the flank of the posterior part of the belly

Phot. 14. A male Woodlark feeding a nestling (lack of dark feathers which are characteristic
of the female)
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Phot. 13

Phot. 14

R. Magckowicz
Phot. outhor



Plate XIX

Phot. 15. A female Woodlark removing feaces of the young from the nest
Phot. 16. A female Woodlark sheltering the young against the strong solar radiation
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Plate XX

Phot 17. Nine-day-old Woodlark nestling. The abdominal apteria are conspicuous
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Phot. 17
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Plate XXI

Phot. 18. A female clearing parasites avay, immediately after feeding the young
Phot. 19. Two Woodlark nestlings fill up the whole nest-cup on the last day of their stay
in the nest
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Phot. 18

Phot. 19
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