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Abstract. A total of 260 one-hour samples of the food of Starling nestlings were gathered
by the collar method. The material was derived from 16 nests during the first brood in two
successive breeding seasons. The food was analysed both quantitatively and qualitatively.
Changes in the food composition connected with the environmental situation, the time of year,
the size of nestlings fed, the time of day, and differences between various pairs of the same
colony were demonstrated. T'ood given to the nestlings is properly prepared and the degree of
preparation depends upon the age of nestlings. Starvation of short duration is not dangerous
to nestlings as long as they remain in the nest, surrounded by other young birds, which provide
them with indispensable warmth. The loss in body weight caused by starvation is soon com-
pensated.
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I. INTRODUCTION

Much has already been written about food of the Starling Sturnus vulgaris
LINNAEUS, 1758. These are, however, mostly short notes reporting occasional
observations, chiefly those concerning particular species taken by the Starling
but giving no quantitative data. The application of the collar method for the
study of food composition in birds, used for the first time by KLULJVER (1933),
caused a dramatic turn towards quantitative analysis. KLUIJVER’S (1933) paper
itself belongs to the most important studies on the quantitative aspect of the
Starling’s food in the breeding season, including, in addition to many other
observations on the biology of this period, a comprehensive section on the
composition of food of nestling Starlings in Holland, in a typical region of
meadows and pastures. Sz17J (19572 and b) discusses the changes in the compo-
sition of the Starling’s food in the annual cycle. GROMADZKI'S (1969) paper very
much resembles the previous study in its general aspect. DUNNET (1955) deals
with the problem of the dependence of the food composition in Starlings on the
supplies of feeding grounds, but his division of the food items into three groups
only (earthworms, larvae of crane-flies, and the remaining ‘food components)
does not allow the full utilization of this work. Besides the studies mentioned,
there is a number of publications which, treating of the food of other avian
species, comprise also some data about the Starling (e.g. PFEIFER and KEIL,
1958, 1959; GORNANDT, 1959 a and b; MANSFELD, 1956).

The present paper, apart from its part given to the qualitative and quantita-
tive analyses of the food of nestling Starlings, aims at the demonstration of
differences in its composition according to the age of nestlings, the time of day,
the breeding season and the parents’ individual preferences, etc.

1 wish to express my heartfelt thanks for the disinterested determination
of the Starling’s prey to Mrs. H. KEDRA (Gastropoda), Dr B. DOMINIAK (Iso-
poda ), Dr A. DzIABASZEWSKI and Dr K. STEPCZAK (Araneae), Mrs. J. JASKOW-
SKA (Trichoptera), Dr J. KACZMAREK (Chilopoda ), Dr S. MIELEWCZYK (Odo-
nata ), Assist. Prof. J. PAWroOWSKI (Carabidae), Dr. Z. WITKOWSKI (Curculio-
nidae ), and to all those who helped me to complete this study by giving valuable
advice and in other ways.

II. MATERIAL AND METHOD

The field work connected with this investigation on the composition of food
of nestling Starlings was carried out from 10 to 21 May 1962 and from 12 to
23 May 1963. In the first year of study I took samples of food from 9 nests
containing altogether 42 nestlings and a year later from 7 nests with 29 nestlings.
The study material was therefore derived from 16 nests with the young of the
first brood in two consecutive breeding seasons.

T collected samples of food in a small colony of Starlings at Puszczykowo
in the territory of the Wielkopolski National Park. This locality is situated
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in the valley of the River Warta about 13 km south of Poznan. On the east
and west sides it is bordered by coniferous and deciduous forests, on the south
side neighbours upon a residential quarter called Puszczykéwko, and upon
meadows, which were the main feeding grounds of the Starlings observed, on the
north side.

The edge of the meadows lies about 300 m from the colony. They are for the
most part damp meadows, often flooded in spring, cut by several, seasonally
dried-up drainage ditches. Most of them are hay-growing meadows, only small
plots being used as pastures. The higher situated places, roadsides and forest
edges are much drier and have less exuberant vegetation. A small area is occu-
pied by a local refuse dump.

Another, less frequently visited, feeding ground includes the neighbouring
gardens, courtyards, streets and trees. The area of the gardens is relatively
small, since the park-like type of wooded areas predominates here. Small areas
are put under vegetables. Most of the streets and courtyards are unpaved and.
the roadsides are overgrown by herbage.

It may be stated that the Starlings examined nested in typical conditions
of a suburbian residential quarter situated in the vicinity of meadows and
characterized by park-like wooded areas. In addition to natural feeding grounds
(meadows, trees), the Starlings foraged in the close neighbourhood of the houses
(courtyards, refuse-bins).

In 1963 the breeding period was much warmer (by 3°C), sunnier
(by 55-4 sunny hours) and drier (33-9 mm. of rainfall less and 7 rainless days more)
than the same period in 1962.

The collar method was used to obtain the food brought for nestlings by their
parents. I gave a detailed description of this method in one of my previous
papers (BoGUCKI, 1964). As collars I used rings made of copper wire in plastic
insulation. The calibre of the rings was adjusted to the size of the nestlings.
The rings were put on in all the nestlings in the nest at the same time. It often
happened that a nestling, unable to swallow the food, spat it out into the nest.
Not to lose any of the bits spat out I placed the nestlings on a special shelf of
cloth spread on a wire frame. Rings were put in position once for an one-hour
period and I removed the food from the nestlings’ gullets and from the nest
twice: after 30 and 60 minutes. The food obtained during the one-hour period
was put in a small vessel filled with 709, alcohol. Such a one-hour ration of food
brought to the nest will be referred to as a sample.

Frequent inspections of the nest upset the birds, which may cause them to
bebave differently than usual, and that would certainly have an effect on the
routine course of the feeding of chicks. I tried to avoid that, at least partly, by
making the birds accustomed to my presence in the vicinity of the nest system-
atically. As early as the incubation period I used to visit the nests everyday and,
as a result, later the parents showed no unease during my manipulations at the
nest with the nestlings in it. I always wore the same clothes when visiting
the nests.
1¢
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In 1962 I collected 78 samples, in 1963 — 182. Thus my material consisted
of 260 one-hour samples representing the food of nestling Starlings from the 2nd
to the 14th day of life and the food that they receive at different times of day.
Since in the case of 25 samples the age of nestlings and the time of day were not
determined exactly, they were omitted and I used only the remaining 235 sam-
ples for my study of changes in the food composition.

The quantitative relations of food were analysed in two aspects: I both
established the number of specimens belonging to particular systematic units
and measured their volume. This method is more advantageous than weighing,
because it can be used also for the material kept in alcohol. Saturation with
alcohol causes far smaller differences in volume than it does in weight.

I measured the volume of material in the following manner: a specimen
removed from alcohol was superficially dried on filter paper and placed in
a suitably small burette filled with alcohol. The difference between the levels
of alcohol before and after placing the specimen in it was found. This method
of measuring does not ensure the perfect accuracy of readings, but the results
obtained provide sufficient information about the wvolume relations between
individual food items.

The method that I applied to group the food components according to their
quantity or the frequency in the samples demands a somewhat more detailed
consideration. Analogous divisions used hitherto (e.g. CZARNECKI et al., 1955)
are based on classes artificially established and ungrounded. Besides, the nomen-
clature of these groups does not discriminate between the frequency and the
quantity of a given sort of food.

The particular groups of food have been named according to the aspect
which is taken into account in them (number, volume, or frequency):

a. with respect to quantity (number and volume) dominant food — the sum
of the highest values of the percentage share is about 68 (range of the single
standard deviation); supplementary food —the sum of the values of the percent-
age share following the previous ones in order is about 27 (689%,-+-279%, = 959,
or the range of the double standard deviation); vestigial food — the remaining
sorts of food, altogether about five-percent share;

b. with respect to the frequency in samples I use the same criteria as for
quantity and have distinguished; constant food, frequent food, and sporadic
food.

All the three .aspects of the quantitative relations of the food presented
in Table I (frequency, number and volume) are treated synthetically in Table IT.
The column headed "Primary Food” contains the components that never
oceur in the groups of sporadic and vestigial food and are at least once numbered
in the constant or dominant food. The ”Secondary Food” consists, in the firgt
place, of the components which are included in the groups of frequent and sup-
plementary food, and the ”Incidental Food” is composed of the items that at
least once occur in these last groups. As a result of such classification the groups
of primary and secondary food comprise the components whose total quantity
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(as regards both the number of specimens and their volume) is about 959, of all
the food examined. Although the incidental food shows the greatest diversity,
its quantity does not exceed 5 %, of the nestlings’ food.

III. SURVEY OF THE STARLING’S FOOD ITEMS

A total of 4142 specimens, belonging for the most part to different arthropodal
groups, have been obtained from 260 one-hour food samples collected in the
course of two-year investigation. The quantitative relations, i.e. the frequency
in samples, number and volume are given in Table I. The material has been
divided into 37 groups corresponding with systematic units of various ranks,
chiefly with families and — in the case of not numerous groups — orders. The
only species that has been treated separately is the cockchafer Melolontha
melolontha L., which needs such treatment on account of its conspicuous predomi-
nation in the food of the nestlings examined. It is hard to regard the remaining
four sorts of food (Larvae indet., Pupae indet., Indeterminatae and Garbage)
as systematic units. The first three of them contain members of different orders,
which we failed to identify accurately.

In discussing particular sorts of food, I keep to the systematic order of all
systematic units, whereas all the lists of families and species in tables are arranged
according to the number of specimens.

The Lumbricidae were constant components of the nestlings’ food. They
formed 2-2 9%, of the number of specimens and 2-4 %, of the volume of all the food.
Their number in the food brought to the nests seems to have been particularly
small, if we consider the Starling’s way of foraging and the occurrence of earth-
worms. The earthworms given to the nestlings were mostly alive, but very
often with their cephalic portion torn off. They were not cleared of sand and
earth.

There were 18 specimens of the Isopoda (0-49,), their total volume being
slight, hardly 0-48 cu. em. In this group Porcellio scaber LATR. (8 specimens)
was the most numerous species and Trachelipus rathkei BrpT. and Asellus
aquaticus RAcCovV. numbered 5 specimens each.

The Chilipoda were represented by only 5 specimens, namely, Lithobius
microps MEINERT (2 specimens) and Lithobius mutabilis 1. KOCH. Geophzlus U5
longicornis LiAcH and G. carpophagus LiEACH one each.

The Diplopoda were an interesting component of the Starlings’ food. They
are never abundant in the food of this species in Europe, but in the U.S.A. make
one of its main element (KALMBACH, 1928). The 22 specimens of this order
(059, in quantity and 6-4%, in frequency) included 18 members of the family
Julidae. :

In the material examined the Odonata occurred exclusively as imagines.
Out of the 12 specimens identifield, 5 were Agrion puella L., 4 A. pulchellum
V. d. Linp. and 2 Cordulia aenea (1..) joined in copulation.
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Although not numerous in the food of the nestlings, the Orthoptera (20 speci-
mens) constituted a relative large volume (7-93 cu. cm) mainly thanks to the
presence of 6 specimens of Gryllotalpa gryllotalpa L. and 3 of Gryllus campestris Li.
The other orthopters found were young forms. This order plays a minor role
in the food of nestlings of the first brood, because, excepting the above-mentioned
species, its members occur chiefly as small larval forms at that time.

The Homoptera were 30 in number, but their volume was slight (0-17 cu. em).
I found 27 specimens of Pseudococcus sp. and 3 winged aphides.

The Heteroptera were represented by 9 specimens, of which 2 were identified
as Dolycoris baccarum L.; 1 as Podops inuncta FABR. and 1 as Sechirus bicolor L.

The Coleoptera were both the most numerous and, owing to the presence
of the cockchafer Melolontha melolontha L., decidedly dominant group in the total
volume of food. Altogether 1612 larvae and imagines of beetles were found in all
food samples, which makes 399, of food. This number should be augmented
by some of the unidentified larvae and pupae gathered in the groups Larvae
indet. and Pupae indet. The share of beetles in the total volume of food is
over 799%,.

Both imagines (im.) and larvae (1.) of Melolontha melolontha L. were fed
to the Starling nestlings. Although the imaginal cockchafers formed only 139%,
of the total number of preys, as regards volume, they prevailed unquestionably,
forming 66, of the total volume of food and 909, of the volume of beetles.
The number of cockchafers per sample was very various. There were most
often 2—3 specimens, but samples with 7 cockchafers were also met with and
18 samples contained specimens of this species only. The presence of larval
cockehafers in the Starling’s food need not indicate that soil cultivation work was
being done in this region, because, as has been described by PFABE and SZYPUELA-
GADOR (1964), starlings can search out larvae of cockchafers feeding underground
effectively by listening for sounds made by them in the soil. Cockchafers consti-
tute attractive food for Starlings, if not for other reasons, because their mass
appearance generally coincides with the feeding period of the young of the
first brood. Arable fields and forest plantations infested with cockchafer larvae
supply Starlings with food which is comparatively easy to get at and at that
occurring in abundance.

The Scarabaeidae (without cockchafers) were not numerous in the food of the
nestling Starlings. Among the 15 specimens belonging in this family 5 were
Aphodius fimetarius L., 4 Geotrupes silvaticus L., 2 Cetonia aurata L., 1 Geotrupes
mutator MRSH. and 3 members of the genus Aphodius.

The Cantharidae were one of the more numerously represented families
making up the food of the Starling chicks. However, in view of the abundant
occurrence of these beetles their presence in the food of the starlings must be
regarded as relatively unfrequent (they were found in 469, of samples), though, if
present, they usually occurred in fairly large numbers. Twenty-three specimens of
Cantharis rustica FALL. were numbered in one sample. Out of the 342 specimens
belonging to this family, 171 were Cantharis obseura L., 116 C. rustica FA1LL.,



Table I

A comparison of the frequency, numbers, and volume of main food items of nestlings from the first brood of Starlings, on the basis
of material collected in 16 nests in 1962 and 1963. The thick line surrounds the constant (frequency) and dominant (numbers and vo-
lume) food, the thin line the frequent and suplementary food. Out of frames — sporadic and vestigial food. Developmental stages of

insects: 1. — larva, p. — pupa, im.— imago
Frequency s Number of specimens No % Volume cu. em %
Melolontha im. 69-4 Melolontha im. 525 T 1257 l Melolontha im. 62020 659 I
Araneae 374 Bibionidae 497 120 Tipulidae 1. 51-40 54
Tipulidae 34-0 Cantharidae 342 8:3 Melolontha 1. 38-38 4.7
Diptera im. 33:6 Diptera im. 307 7-4 Tumbricidae 22-85 2.4
Carabidae 26-8 Araneae 256 6-2 Lepidoptera 1. 18-01 19
Larvae indet. 255 T'richoptera 253 6-1 Cantharidae 17-49 19
Gastropoda 24-2 Larvae indet. 186 45 Araneae 16-14 1-7
Bibionidae 22-6 Tipulidae 1. 185 45 Pupae indet. 13-70 1'5
Lumbricidae 22:2 Carabidae 161 3-9 Dytiscidae 1. 13-48 14
EBlateridae im. 21-7 Curculionidae 147 36 Diptera 1. 13-46 1.4
Curoulionidac 217 Tipulidae im. 122 30 Garbage 12:90 14
Pupae indet. 20-9 Diptera 1. 104 25 Carabidae 1010
Cantharidae 19-6 Pupae indet. 97 24 Orthoptera 793 08
Diptera 1. 19-6 Gastropoda 96 2:3 Chrysomelidae 7-88 0-8
Lepidoptera 1. 187 Elateridae im. 92 2:2 Bibionidae 7-31 0-8
Hymenoptera 17-5 Lumbricidae 91 2-2 Diptera im. 7-29 0-8
Tipulidae im. 17-0 Melolontha 1. 91 2-2 Tipulidae im. 714 0-8
Elateridae 1. 14-8 Hymenoptera 88 2:1 Trichoptera 6-20 0-7
Hymenoptera 1. 14-8 EBlateridae 1. 82 2:0 Tarvae indet. 6-03 06
Melolontha 1. 12-3 Lepidoptera 1. 61 15 Elateridae im. 5-98 0-6
COhrysomelidae 10-6 Hymenoptera 1. 53 1-3 Scarabaeidae * 524 0-6
Dytiscidae 1. 7-2 Chrysomelidae 52 1-3 Elateridae 1. 4-55 05
Staphylinidae 7-2 Homoptera 30 0-7 Gastropoda 3.46 0-4
Grarbage 6-4 Dysticidae 1. 25 0-6 Ourculionidae 3.33 0-3
Diplopoda 6-4 Staphylinidae 22 0-5 Hymenoptera 1. 3:09 0-3
Coleoptera indet. 6-4 Diplopoda 22 05 Hymenoptera im. 2-61 0-3
Orthoptera 60 Orthoptera 20 05 Silphidae 251 03
Trichoptera 5:5 Coleoptera indet. 20 05 Salientia 2:30 02
Silphidae 51 Isopoda 18 04 Diplopoda 2:156 02
Soarabaceidae * 51 Silphidae 18 04 Staphylinidae 143 01
Isopoda 4.7 Scarabaeidae * 15 0-4 Odonata 1-19 0-1
Heteroptera 3-8 Odonata 12 0-3 Ooleoptera indet. 0-93 0-1
Coccinellidae 34 Coccinellidae 11 0-3 Dytiscidae im. 0-75 0-1
Indeterminatae 34 Heteroptera 9 0-2 Lepidoptera im. 0-72 0-1
Odonata 3:0 Indeterminatae 8 0-2 Isopoda 0-48 0-05
Homoptera 2-5 Lepidoptera im. 8 0-2 Ooccinellidae 0-41 0-04
Lepidoptera im. 2:5 Dystiscidae im. 7 0-2 Indeterminatae 0-25 0-03
Dystiscidae im. 2-1 Chilopoda 5 0-1 Heteroptera 0-23 0-03
Chilopoda 2-1 Salientia 2 0-05 Homoptera 0-17 0-03
Salientia 0-9 Neuroptera 2 0-05 Chilopoda 0-09 0-01
Neuroptera 0-9 Garbage = Neuroptera 0-07 0-01
4142 94261

* without Melolontha.

Z. Boguckt

Acta Zoologica Cracoviensia XIX/17
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39 C. fusca L. and 16 C. livida v. rufipes HBST. The Cantharidae formed 8-39%,
of the total number of preys brought by the Starlings to their nests and among
the beetles their number exceeded 219%,. The abundance of these beetles in the
samples with their relatively low frequency indicates that their appearance
in the food was connected with the mass emergence of imagines.

Compared with the other beetles the Carabidae were second only to the
Scarabaeidae and Cantharidae in respect of their number in the nestlings’ food.
The fairly high frequency of the members of this family (639,) accompanied
by their moderate abundance allowed their classification as a constant component
of the Starlings’ food. The 161 specimens of the Carabidae were reckoned in as
many as 32 species, which are as follows:

Harpalus pubescens MULL. 45 specimens
Amara aenea DEG. 18 ”
Amara familiaris DUFT. 1 »
Harpalus affinis SCHRANK 1 o

Harpalus tardus PANZ.
Harpalus anxius DUFT.
Agonum moestum DUFT.
Pterostichus lepidus LESKE
Carabus nemoralis MULL.
Amara similata GYLL.
Amara apricaria PAYK
Harpalus griseus PANZ.
Harpalus autumnali¢ DUFT.
Pterostichus coerulescens L.
Blethisa multipunctata L.
Broscus cephalotes L.
Oodes helopioides F.
Harpalus serripes QUENS.
Amara curta DEJ.
Pterostichus nigrita F.
Carabus granulatus L.
Calosoma inquisitor L.
Dyschirius globosus HERBST.
Harpalus latus L.
Harpalus anwius DUFT.
Amara plebeja GYLL.

t Amara schimperi WENCK.
Amara majuscula, CHATD.
Pierostichus cupreus L.
Agonum assimile PAYK
Agonum gracilipes DUFT.
Agonum sexpunctatum L.

”
specimen

W
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All the specimens except one exceeded 6 mm in length. It often happened
that these beetles found in the gullet of a nestling were still alive and agile
enough to run away briskly when being removed from the gullet by means
of a pincette. In one case I found a beetle that had bitten strongly into the
tongue of the nestling. Most often, however, the carabids, especially those of
larger species, were deprived of their heads. Similar observations were: made
by KLUJvERr (1933) and HASSEL (1961). ,

Although the Curculionidae are marked by a relatively high frequency in the
food (519,) and their share in it is fairly numerous, their total volume is not
very large, since small specimens prevail among them. Philopedon plagiaius
SCHALLER, which occurs locally in north-western Poland, appeared to be most
numerously represented among the 147 specimens of this family. The following
are the curculionid species found in the samples:

Philopedon plagiatus SCHALLER 66 specimens
Phyllobius piri L. 34 %
Phyllobius urticae DEGEER
Otiorrhynchus raucus FABR.
Tanymecus palliatus FABR.
Phyllobius maculicornis GERM.
Phyllobius virideaeris LEICH.
Cleonus piger SCIP.
Trachyphlocus scabriusculus L.
Trachyphlocus bifoveolatus BECK
Balanobius crux FABR.
Barypithes mollicomus AHRENS
Barypithes pellucidus BoHEM
Hylobius abietis L.

Limnobaris pilistriata STEPH.
Otiorrhynchus ovatus L.
Phyllobtus calcaratus FABR.
Phyllobius wviridicollis FABR.
Sitona griseus FABR.
Strophosomus faber (HRBST.)

o e EE DD OO SO

Jd

Both larval (1.) and imaginal (im.) forms of the Eleateridae occurred in the
food of the nestling starlings, but neither of them very often (the frequency
was 359, for larvae and 519, for imagines) or in large numbers (about 0-29,).
This seems interesting insomuch that many of the eleaterid species are more
or less closely associated with the soil surface and the foraging Starlings should
find it easy to catch them.

The Chrysomelidae were represented in the food of the nestling Starlings
by 52 specimens, of which 40 were imagines of the Colorado beetle Leptinotarsa
decemlineata SAY. Colorado beetles did not appear in the food of the Starling
chicks at Puszezykowo until these last were seven days old. Out of the 40 beetles
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collected, 27 were found in the food of the chicks more than 9 days of age.
From among the other specimens, 4 were identified as Gynandrophthalma
cyanea FBR., 1 as Donacia crassipes F. and 3 as members of the genus Cassida.

The Staphylinidae, which are characterized by the epigeal mode of life,
should become easy prey to Starlings, but their number in the food of this
species was relatively small. As regards size, small forms, not exceeding 5 mm in
body length, prevailed.

There were three species of the Silphidae: Silpha quadripunctata L. — 11 spe-
cimens, 8. obscura L. — 5 specimens, and Nicrophorus vespillo (L.) — 2 spe-
cimens.

The Coccinellidae are considered to be very unwillingly taken by birds or
simply not eaten by them at all. In the material collected there were 11 specimens
including 6 Anatis ocellata (L.), 2 Subcoccinella 24-punctata (L.) and 1 Coccinella
7-punctata L.

The Ditiscidae occurred in the Starling’s food above all as larvae (1.). The size
of the ditiscid larvae was very various, from quite small ones, about 1 cm long,
to those, very large, exceeding 4-5 cm in length. The larvae of these beetles
were probably found in drying up water reservoirs or at the time of their coming
out on to the bank to pupate. The imagines must also have been caught while
leaving the water reservoirs. The imaginal Ditiscidae included 3 specimens of
Oolymbetes fuscus L. and 2 specimens of Rhantus exoletus FORST.

The remaining 20 beetles (Coleoptera varia et indet.) could not be determined
closely because they were very badly damaged. In this group I also placed two
specimens, identified as Opilio mollis 1. (COleridae ) and Hydrophilus caraboides L.
(Hydrophyllidae), which, being the only members of these families, were not
distinquished as separate units. :

The Neuroptera s.1. were represented by only two specimens, one of Sialis
flavilatera (L.) and a member of the genus Chrysops.

The Hymenoptera were not very abundant in the Starlings’ food. Both
larvae and imagines were met with. The 141 specimens of this order included
88 imagines and 53 larval Symphyta. Seven specimens of the Terenbranmtia,
11 of the Symphyta and the most numerous, for as many as 70, of the Aculeata
were found among them. Ants (Formicidae) were chiefly responsible for so large
a number of these last insects. Small forms predominated here, there being
43 Lasius niger ¥., 6 Myrmica scarabinodia NYL. and 1 Lasius flavus DEG.
The larger species were represented by 2 Polyergus rufescens LATR. and 6 members
of the genus Formica. The small species of the genera Lasius, and Myrmica
occurred exclusively as workers and the large species (Formica sp. and Polyergus
rufescens LATR.) mostly (81%,) as winged forms. As regards volume, two members
of the genus Cimbex predominated among the Hymenoptera.

The Trichoptera well exemplify the utilization of the mass emergence of
insects by Starlings. Out of the 253 trichopterans which were found in the
samples of food, as many as 249 were colected in the first year of investigation.
The mass emergence of the Trichoptera must have occurred from 18 to 20 May
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1962, which is indicated by the numbers of these insects brought to the nests:
17 May — none, 18 May — 50 specimens, 19 May — 139, 20 May — 48 and
21 May — 10. Limnophilus auricula CURT. (127 specimens) and Limnophilus
griseus L. (114) were the most numerous species. Holocentropus stagnalis was
represented by only one specimen. The other specimens were unidentifiable.
An interesting fact was the presence of 3 trichopteran pupae of the genus Limno-
philus, conspicuous by the strong structure of their cases, which besides were
missing from the samples. The Trichoptera are probably an attractive and
relatively easily get-at-able food for Starlings and the fluctuations observed
in its quantity are caused by the irregularity of emergence and the very variable
number of emerging insects.

The Lepidoptera formed less than 29, (69 specimens) of the total of specimens
in the food. The number of adult forms (8) was considerably smaller than that
of larvae (61), among which the Noctuidae and Geometridae prevailed. Strik-
ingly little damage was done to the body of larvae. Most of them showed no
signs of crushing, in which they besides resembled the larvae of the Hymenopiera.

In respect of number the Dipiera were second only to the Coleoptera, there
being 1155 specimens, including 926 imagines and 229 larvae. Only two most
numerous families were separated among the imaginal forms, i.e. the Bibionidae,
497 in number (549, of the total of adult dipterans) and the Tipulidae, which
numbered 122 specimens (139%,). Females filled with eggs made about three
quarters of all the Tipulidae. Out of the 229 dipteran larvae, 82 %, (185 specimens)
were Tipulidae (1.), and the Stratiomyidae and Tabanidae predominated among
the remaining larvae. There were also larvae of Eristalis sp. In the samples of the
Starling’s food collected at Puszezykowo the Diptera formed nearly 289, of the
total number of preys, but only 7:6%, of their volume.

The Araneae constituted one of the basic components of the food of the
nestlings. As regards both the number of specimens and their frequency, they
held one of the top positions: 256 specimens formed 6-3 %, of all the food, whereas
37-49 of samples contained members of this arthropodal group. Qualitatively,
the epigeal species prevailed, which was due to the Starlings’ mode of foraging.
Here, the Lycosidae, which made 619, of the total of spiders, were the most
numerous family. The Tetragnathidae and Thomisidae were far less abundant.

Lycosidae 153 specimens
Trochosa spinipalpis (F. O. CAMBR.) 43
Pardosa sp. 26
Alopecosa pulverulenia (CLERCK) 14
Trochosa ruricola (DE GEER) 11

Pardosa palustris (L.)

Pardosa pullata (CLERCK) -
Pardosa amentata (CLERCK)
Pardosa agrestis (WESTR.)
Pardosa arenicola (O. F. CAMBR.)

LW W B Ot =3
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Pardosa prativaga (L. K.)
Pardosa monticola (CLERCK)
Trochosa terricola THOR.
Alopecosa trabalis (CLERCK)
Alopecosa sp.
Xerolycosa sp.
Cocoons of Lycosidae indet. 2
Tetragnathidae 51 specimens
Pachygnata degeeria SUND. 29
Pachygnata clerckii SUND. 13
Pachygnata listeri SUND. 9
Thomisidae 38 specimens
Xuysticus cristatus (CLERCK) * 21
Xysticus kochii (THOR.)
Philodromus sp.
Xysticus audax (SCHRANK)
Xysticus Sp.
Tibellus oblongus (WALCK.)
Oxyptila simplex (O. P. CAMBR.)
Oxyptila sp.
Varia et indet. 14 specimens

S N )

R

Linyphia hortensis SUND. 4
Araneus sturmi (HAHN) 2
Clubitona sp. 1
Araneus sericatus CLERCK 1
Dictyna arundinacea (L.) it
Araneae indet. 4

Among the Lycosidae the large species of the genera Trochosa and Alopecosa
were the most numerous in the nestlings’ food. There were also many females
and cocoons.

The Gastropoda were given to the Starling chicks together with their shells.
The occurrence of snails in the food samples was not regular (their frequency
was 24 %) and the number of specimens was 96 (2:3%). The following list shows
their specific differentiation and quantitative relations:

Succinea sp. 25
Zonitoides nittdus (0. F. MULL.) 23
Galba turricula HELD. 18

Cochlicopa lubrica (O. F. MULL.) 12
Perforatella rubiginosa (A. ScHMIDT) 6
Planorbis planorbis (L.) 2
Galba truncatula (0. F. MULL.) 2
Aegopinella nitidula (DRAP.) 1
Helicella obvia (HARTM.) 1
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Nesovitrea hammonis (STROM.) 2
20xychilus cellarius (O. F. MULL.) 1
Arion circumscriptus JOHNST. 1

The Gastropoda brought to the nests included only one slug, although in the
Starlings’ feeding grounds they were not scarce.

The Salentia were the only vertebrates found in the samples of the Starlings’
food, namely, two young specimens of Rana arvalis NILSSON taken by the birds
on the 10th and 13th day of the feeding period.

All sorts of offal of man’s food are included in the group Garbage. Cartilages,
remains of sausage and bread were found in the food of the nestling Starlings.
The Starlings did not give this sort of food to their chicks before they were at
least 10 days old.

Table II

List of food components of Starling nestlings relative to their importance
to birds (highest frequency, number of specimens and volume)

Primary Food Secondary Food Incidental Food
Melolontha im. Melolontha 1. Scarabaeidae
Tipulidae 1. Lepidoptera 1. Silphidae
Cantharidae Dytiscidae 1. Diplopoda
Araneae Chrysomelidae Staphylinidae
Carabidae Tipulidae im. Ooleoptera indes-
Bibionidae Elateridae Homoptera
Diptera im. Gastropoda Salientia
Lumbricidae Garbage Odonata
Pupae indet. Orthoptera Dytiscidae im.
Diptera 1. Elateridae 1. Lepidoptera im.
Trichoptera Hymenoptera im. Isopoda
Larvae indet. Hymenoptera 1. Coceinellidae
Curculionidae Indeterminatae

Heteroptera
COhilopoda
Neuroptera

The vegetable matter included only grasses, leaves and stalks of mosses
and other plants. Fresh, green plants were very few, dead grass blades of the
previous year being prevalent. The most vegetable parts occurred in the samples
in which there were many small and common insects. Cherries were not found
once in the food of the nestlings of the first brood. In the litter of the nests of
retarded or second broods there were up to 111 stones from cherries.

Mineral components, like vegetable parts, cannot be treated as food, but
as an addition providing nestlings with lime or as gastroliths. The Starlings
brought the nestlings various pebbles (up to 5 mm in diameter), clods of lime,
peat, weathered mussels, and even pieces of glass and china. Before the 5th day
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of life small nestlings did not receive any such objects and only from the 10th
day onwards pebbles, not exceeding 2 mm in diameter, occurred in almost
every sample.

Concluding this survey of the food items of the Starling nestlings it should
be added that among the specimens identified there were several interesting
species from the faunistic point of view. And thus in the family Carabidae
there was a specimen identified as Amara schimperi WENCK, which species is
regarded as a piedmont one, and in the order Trichoptera Limnophilus auricule
Curt., never recorded from Wielkopolska before, although this region is thought
to be well examined, appeared the most numerous species. Among the Araneae
Oxyptila simplex (O. P. CAMBR.) and Araneus sericatus CLERCK are new to the
Wielkopolski National Park, although they belong to the families already
studied in this area.

IV. FOOD COMPOSITION IN DIFFERENT BREEDING SEASONS

A close analysis of the lists of food items brought to the nestlings provides
many evidences for the fact that both the qualitative composition of the food
and the quantities of its individual components may differ from year to year.

The qualitative changes observed in the composition of the food of the
Starlings nesting in the same colony in two successive breeding seasons were
restricted almost exclusively to systematic units numbered in the secondary
and incidental categories of food. The systematic units distinguished as compo-
nents of the primary food occurred in it in both seasons. Units of a higher rank
and dominant species were also present in the food of either year.

The quantitative relations show much more essential differences between
particular food items in these two breeding seasons. The range of these changes
is presented in Table III. From the units listed in it we can separate those which
underwent no essential changes in respect of frequency and number and the
ones whose number changed from year to year. The first of them include, in the
first place, cockchafers Melolontha melolontha im., Tipulidae 1., Araneae and
Diptera im. The quantitative relations of the other components of food present
themselves quite differently in the two breeding seasons. In general, some of
them were more abundant in the first year of investigation (e.g. Cantharidae,
Bibionidae and, above all, Trichoptera), the others in the second year. (e.g. Cara-
bidae and Lumbricidae). These quantitative changes are not limited to the
primary food but they also occur in the two other groups of food.

The greatest differences were observed in the numbers of Trichoptera brought
to the nests. The number of specimens collected in 1962 formed 98-5%, of their
total of 253, and it should be kept in mind that in 1963 the number of samples
taken was twice as large as that in 1962.

As regards the Camtharidae, in addition to their above-mentioned reduced
share in the second year of investigation, there was also a change in the percent-
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age shares of particular species in the total for the given year. This is illustrated
in Table IV. Cantharis obscura L., which was clearly dominant (789%,) in the
food of 1962, in the next year yielded precedence to Cantharis rustica FALL

Table III

Quantitative changes in the composition of primary food observed in two conse-
cutive breeding seasons

Frequency Num‘per of .Volume,
‘ in 9 Specimens in cu. em
Hood e ° per Sample per Sample
1962 | 1963 1962 | 1963 1962 | 1963
Melolontha im. 76-9 65-5 2,1 2-6 2-66 2-41
Tipulidae 1. 26-9 37-6 0-5 0-7 0-11 0-18
Cantharidae 29-1 17-8 2:6 0-6 0-11 0-04
Araneae 39-7 36-3 0-9 1-1 0-11 0-04
Carabidae 10-3 35-1 0-1 0-7 0-01 0-06
Bibionidae 42-3 12-7 55 0-1 0-07 0-01
Diptera im. 38-4 31-2 1-8 1-2 0-03 0-03
Lumbricidae 14-2 26-3 0-2 0-4 0-04 011
Pupae indet. 167 9-1 0-3 0-5 0-03 0-10
Diptera 1. 16-7 83 0-3 0-5 0-04 0-06
Trichoptera 14-1 0-5 3-2 0-03 0-08 0-001
Larvae indet. 19-2 287 0-3 0-9 0-01 0-04
Curculionidae 12-8 26-1 0-3 0-8 0-001 0-02
Other foods — — 2-7 4-4 0-40 0-71
Table IV
Changes in the numbers of species of the
genus Cantharis in the food of Starling
nestlings in two consecutive breeding sea-
sons
Specimens,
Species in 9%
1962 1963
C. rustica FALL. 14 64
C. fusca L. 5 20
C. livida rufipes HBST. 3 7l
C. obscura L. 78 8
Total number of specimens 206 136

Quantitative differences are observed not only in the proportions between
particular components of the food but also in the total number of specimens
brought to the nest. In 1962 one sample contained an average of 20-8 specimens
of various sorts of food and in the next year only 14-5, and thus the difference
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exceeds 30%. In respect of volume, however, the quantity of food delivered to
the nests was more or less uniform in the two breeding seasons (respectively,
3:70 and 3-81 cu. em per sample) and the difference was less than 3%, in favour
of the second year of investigation. This indicates that the average size of
specimens in 1963 was nearly 1-5 times as large as it was in the previous year.
Therefore, in spite of the 30-percent difference in the number of specimens, the
volume of food given to the nestlings was more or less the same. It will also
be seen from the foregoing that in studies on food the consideration of the
number of specimens alone, without taking into account other parameters,
e.g. mass, volume, calorific value, etc., may lead in some cases to false statements.

The changes in the abundance of some groups of food in different breeding
seasons may sometimes be considerably larger than those observed at Puszezy-
kowo. KLUIJVER’S (1933) three-year observation shows that e.g. the Lepidoptera
formed 22-69, of food in 1929, 33-7%, in 1930, and only 9-4% in 1931. Big
differences were also found in the number of the larval Tipulidae, which ranged
within limits of 49 and 26-89,. PreErrFer and KEIL (1959) give numerical data
separately for each breeding season from 1952 to 1956. The numbers of the
Lepidoptera, for instance, fluctuated from 61-8% to 89-5% and that of the
Diptera from 0:99, to 25-29,.

The differences in the food composition observed in different breeding
seasons seem to result, above all, from the fluctuations in the number of victim-
-species, but the lack of data on the abundance of the populations of these species
in the Starlings’ feeding grounds does not allow us to determine in what measure
these suppositions are true. That such relationships exist, is evidenced by quite
a number of observations. E.g., PFEIFER and Kgir (1958) proved that the
maximum consumption of larval Torériz miridana L. occurred in the year in which
the larval stage coincided with the hatching of starling chicks. The example
with the Trichoptera given above leads to similar conclusions.

V. FOOD COMPOSITION AND THE AGE OF NESTLINGS

The intensity of feeding is not the same on all days of nestlings’ life (Bo-
GUCKI, 1972). In the first days of feeding the number of arrivals in the nests
is the smallest; it is the largest about the 10th day and next decreases slightly
again. Is the food brought to the nest, consequently, proportional to the intensity
of feeding? This question is answered by the graph in Fig. 1. All the items of
information illustrated in this graph as well as in the next ones, are comparable
because the deviations from the mean values (= 1009,) shown in the graphs
are expressed in percentages.

A comparison of the graph presenting the number of specimens falling to one
sample with the mean volume of the samples shows that, as the nestlings grow,
the number of preys brought to the nests in particular stages of feeding remains
nearly the same, whereas the changes in the volume of this food are incommensu-
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rably‘ large (Table V). Moreover, after the 10th day of feeding the number of
preys decreases — probably in connection with the decrease in the feeding
intensity — but their volume still increases. This is due to the fact that large
nestlings can swallow much bigger bits of food than small chicks can. Up to
the th day of life there are on the average 7-2 preys in 1 cu. em of food, from

A B C

Tig. 1. Changes in the intensity of feeding (A — entries per day) and quantity of food brought
to nests (B — specimens per sample, C — cu. cm. per sample) in three stages of development
of nestlings (a: 2nd — 5th, b: 6th — 9th and ¢: 10th — 14th day of life)

Table V
Number of specimens and volume of food given to Starling nestlings in three stages of their
development
Day : of Samples Specimens Specimens . Volume, Volume
Feeding per Sample in cu. em per Sample
2— 5 63 985 156 136-67 2:17
6— 9 77 1332 17-3 292-18 3-79
10—14 95 1579 166 457-69 4-82
2—14 235 3896 16-6 886-54 3717

the 6th to the 9th day of life 4-6 preys and from the 10th to the 13th day only 3-4.
Thus, the sizes of preys in these periods are, respectively as 1-0:1:6:2-1.
KLUIJVER (1933) writes that the average weight of food given to a chick
at one feed increases from 114 mg on the first day of life to 853 mg on the 10th
day and later it keeps up at more or less the same level. The weight of a whole
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day’s food eaten by a chick during the first days of life equals six-seventh of its
body weight, and from the 12th day onwards a half of it. The number of speci-
mens given to a chick at one feed is 2-0—2-4 on the first four days and 4-3 from
the 5th to the 18th day of life. Similarly, TINBERGEN (1949) reports that Great
Tits Parus major gather small larvae (less than 10 mm in length) only while
feeding their newly hatched chicks.

Table VI

Changes in frequency and number of specimens of particular components of
primary food brought to nests in three main stages of feeding (in consecutive

days)
Hood Lo Frequency, in 9, Specimens per Sample
25 | 69 [0 T4 T 5 69 1110 14

Melolontha im. 49-2 71-5 81-0 1-0 2-1 2-8
Tipulidae 1. 30-2 32-5 380 0-9 0-9 0-7
Cantharidae 9-5 19-5 26-4 0-2 22 1-2
Araneae 57-1 35-1 26-4 2-1 0-7 0-4
Carabidae 23-8 286 27-4 05 0-7 0-6
Bibionidae 27-0 23-4 19:0 2-3 2:3 1-7
Diptera im. 34-9 39-0 284 1-8 1-6 0-6
Lumbricidae 9-5 26-0 27-4 0-2 0-3 0-5
Pupae indet. 34-9 19:5 12-6 0-8 0-4 0-2
Diptera 1. 33-3 16-9 12-6 0-5 0-3 0-4
Trichoptera 1-6 1.3 11-6 0-03 0-04 2:6
Larvae indet. 34-9 24-7 20-0 0-8 0-9 0-6
Curculionidae 15-8 24-7 23-2 0-4 0-6 0-5
Other foods = s —— 4-1 4-3 3-8

As the chicks grow, both the total quantity of the food brought to the nest
and its specific composition change. These changes, especially within the primary
food, concern the gquantitative relations mainly, and in a smaller measure the
qualitative ones. As can be seen from Table VI, some food items are more abun-
dant in the case of younger chicks (e.g. Araneae and Diptera im.) and others occur
in larger numbers in the diet of older chicks (e.g. Melolontha melolontha im.).
The graph in Fig. 2 illustrates these changes. The groups of foods represented
in the graph differ from each other in body toughness. On account of the nature
of their emergence (see above) the Trichoptera occurred nearly exclusively
in the last of the breeding stages considered.

Among different sorts of food, spiders hold a special position, not only as
a food very valuable to birds (thin chitine cuticle and comparatively high
calorific value), but also because of the specificity of their occurrence in the
samples taken. During the first days of life of Starling chicks spiders constitute
a dominant element of their food, whose share decreases conspicuously as the
chicks grow. KALMBACH (1928) and KLUIJVER (1933) obtained similar results,
which are summarized in Table VII. During the first days of life of the nestlings,

2 — Acta Zoologica Cracoviensia XIX/17
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% 92 5 6 -9 10 - 14
100—

1 2 3 4 5 b

Fig. 2. Changes in the shares of particular food components in three stages of development

of nestlings (2nd — 5th, 6th — 9th and 10th — 14th day of life). Food components: 1 — Diptera

im. and Hymenoptera im., 2 — Larvae and Pupae, 3 — Coleoptera im., 4 — Araneae, 5 — Varia,
including T'richoptera (6)

Table VII

Percentage share of Spiders (Araneae) in the food of
Starling nestlings

Day of Life of
Nestlings

2—5 6—9 | 1014

Own results | 132 43 2-6
KLu1JvER (1933) 34-0 6-2 2-7
KALMBACH (1928) 23-4 36 , 33

and therefore in the period of the intensest increase of their body mass, this
very sort of food was brought to the nest oftenest and in the largest numbers.
However, it is not known whether the decrease in the share of spiders in the food
of older nestlings is due to the fact that the adult birds stop taking this sort of
food or whether they themselves more and more frequently eat the gpiders that
they hunt out.
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Some "atypical” sorts of food do not appear but in the diet of older nestlings.
E.g., the Colorado beetle Leptinotarsa decemlineata SAY., was not found in the
food of nestlings less than seven days of age. Sixty-eight percent of all the
Colorado beetles were found in the food of nestlings more than 9 days of age,
although the emergence of these beetles had been observed a few days before.
Similarly, garbage, which had never been missing in the neighbouring refuse
bins or dumps, was brought as food to the nestlings which were at least ten
days old.

VI. FOOD COMPOSITION AND THE TIME OF DAY

The differences observed in the composition of the food of nestling Starlings
in the three main parts of day-time are quantitative ones. They are chiefly
caused by the ununiform 24-hour cycle of activity of animals which make
up the Starling’s food. Table VIII shows that some animals taken as food by
Starlings occur more frequently and more numerously in the morning (from
dawn to 10 a.m.) than in the middle of the day (from 10 a.m. to 2 p.m.) or even in
the afternoon (after 2 p.m.). An example of such food components may be the
cockchafer Melolontha melolontha im., which in the morning was taken nearly
twice as frequently as in the afternoon, and whose average number of specimens
in a morning sample was three times as large as that in the samples taken after
2 p.m. Such big differences in the share of this beetle in the food of nestlings

Table VIII

Changes in frequency and number of specimens of primary food components
brought to nests in three periods of day: till 10 a. m. from 10 a. m. till 2 p. m. —

after 2 p. m.
Frequency (in 9%, of Specimens per Sample
Food Item total of Samples)

till 10a.m.- after till 10a.m.- after

10a.m. 2p.m. 2p.m. 10a.m. 2p.m. l 2p.m.

Melolontha im. 82-1 77-0 49-0 33 1-8 11
Tipulidae 1. 16-3 55-0 35-0 0-3 1-3 0-8
Cantharidae 16-1 29-0 15-0 2-2 Ll 0-4
Araneae 25-5 42-0 46-5 0-8 1-0 11
Carabidae 19-8 36-2 26-4 0-5 0-8 0-6
Bibionidae 20-1 36-2 12-5 26 3.0 0-7
Diptera im. 44-1 37-6 18-8 2.2 1-1 0-4
Lumbricidae 23-3 21-7 21-2 0-4 04 0-3
Pupae indet. 14-0 23-2 26-4 0-3 04 04
Diptera 1. 11-8 17-4 30:0 0-2 0-3 0-7
Trichoptera 58 8-7 2:5 1-8 1-2 0-2
Larvae indet. 24-5 26-1 26-4 0-6 1-3 0-5
Curculionidae 17-4 26-1 22-5 0-5 0-5 0-6
Other foods — — — 3.8 4-4 36

2#
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may be due to two causes: either Starlings find cockchafers lying dead or exhau-
sted by the night mating flight on the ground, or the morning dew discourages
them from foraging in the wet grass and then they rummage the crowns of trees,
finding cockchafers which have taken shelter there. :

A B

Fig. 3. Changes in the frequency of feeds (A — entries per hour) and quantity of food brought

to nests (B — specimens per sample, C — cu. cm. per sample) in different times of day: a— in the

morning (till 10 a. m.), b — at noon (from 10a.m. till 2p. m.) and ¢ — in the afternoon
(after 2 p.m.)

: Table IX
Number of specimens and volume of food given to nestlings in different periods of day
fimec ; Specimens Volume, Volume
Day Samples Specimens per Sample L per Sample
(hours) (in cu. cm)
before 10a.m, 86 1678 19:5 416-52 4-84
10a.m-2p.m 69 1291 187 267-76 3-88
after 2p.m 80 927 11-4 204-96 2-56
average 16-6 377

As regards earthworms (Lumbricidae ), no distinet differences were observed
in their share in the food gathered at various times of the day in this study,
whereas DUNNET (1955) found them to be dominant in the morning, when they
formed about 359, of the total number of preys. On the other hand, KrLuiyver
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(1933) writes that the number of earthworms in the Starling’s food increases
noticeably after the rain.

The quantity of food brought to the nest at different times of the day is
proportional to the number of feeds (Fig. 3). In contradistinetion to the graph
in Fig. 1, Fig. 3 does not show great differences between the number of specimens
and their volume: 1 cu. em of food contained on the average 4-0 specimens in the
morning, 4-8 at noon, and 4-5 after 2 p.m., the size ratio of the specimens being
respectively as 1-0:1-2:1-1. The size of prey brought to the nest all day round is
therefore more or less the same, although the rations given to the nestlings in the
morning are nearly twice as large as those in the afternoon (Table IX).

VII. COMPOSITION OF FOOD GATHERED BY DIFFERENT PAIRS OF BIRDS

Out of the 7 nests observed in 1963, 4 were chosen at random to carry out
a comparison of the composition of food gathered at the same time by different
pairs nesting in the same area. Samples, 22—25 in number, representing the
food of nestlings from the 2nd to the 14th day of life, were taken from each nest.
All the samples were taken in the period of 12—23 May.

nest no. 1 2 3 4 1 2 3 4

X=100% 344

Fig. 4. A comparison of the number of specimens per sample (A) and volume of food in cu. em per
sample (B) brought to nests by 4 pairs of Starlings nesting in the same colony and the same time

Fig. 4 shows the quantitative relations characterizing the food brought
to the nests by the four chosen pairs of birds. The variability of the number of
specimens was much greater than that of the volume of samples, or in other
words each pair brought more or less the same amounts of food made up of
various numbers of specimens. The differences in food volume seem to be unrela-
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ted to the size of clutch. Nests Nos. 1 and 2 contained 5 chicks each, nest No. 3—4
chicks, and nest No 4—3. Table X demonstrates the mean quantities of food
brought to the nests with 3, 4 and 5 chicks (altogether 16 nests). It is interesting
that the largest number of specimens was in the samples from the nests with
4 chicks, in which the average volume of one sample was the smallest.

Table X

Number of specimens in food brought to nests with 3, 4 and 5
nestlings (on the basis of 16 nests)

| 3 pull. | 4 pull. | 5 pull. | Mean
21-1 ‘ 18:5 16-6

Specimens per Sample | 11-5

cu. cm per Sample 3-70 3-44 3-99 3-77

The differences in the composition of food derived from different nests are
mainly quantitative ones (Table XI). An interesting fact was however the lack
of the Bibionidae in nest No. 4, although in the other nests they were given to the
nestlings fairly often and in large numbers. Similarly, the Curculionidae were
lacking in nest No. 2, but constantly present and numerous in the food in the
remaining nests. Trichoptera occurred in the food of only one pair, which must
have come upon an abundant source of them.

Table XI

Number of specimens belonging to different groups of
preys falling to one sample in four nests

Nest No.
Food Item

2 3
Melolontha im. 2:1 1-6 1-6 1-8
Tipulidae 1. ol L D ik o
Cantharidae ; 1-0 0-2 12 | 09
Araneae 2-0 1-4 09 | 04
Carabidae 1-5 0-7 16 | 04
Bibionidae 12 | 01 | 09 —
Diptera im. 20 | 1.4 | 1-0 | 01
Lumbricidae 10 | 03 | 06 | 0:3
Pupae indet. 0-1 | 06 | 05 | 0-3
Diptera 1. 02 | 04 | 1.4 | 03
Trichoptera — | 01 — —
Larvae indet. 08 1:6 07 | 0-3
Ourculionidae 1-3 = 14 | 0-4
Other foods 55 | 45 | 6:3 | 27
Specimens per Sample 198 [13-9 (192 | 90
cu. cm per Sample 3:57| 3:17|( 3-72| 3:29
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The juxtaposition of the three most frequent sorts of food is also instructive:

Nest No. 1 Nest No. 2 Nest No. 3 Nest No. 4
Melolontha im. Melolontha im. Tipulidae 1. Melolontha im.
Carabidae Diptera im. Araneae Tipulidae 1.
Lumbricidae Cantharidae Melolontha im. Araneae

Thus, the food gathered by different pairs of Starlings in the same breeding
environments shows comparatively great differences, which are probably caused
by their preference for some parts of the feeding grounds (as reported e.g.
by DUNNET, 1955), marked by a different specific composition of their potential
vietims, rather than by different ”tastes” of the birds. Individual variation in the
diet has been found in many species of birds, e.g. in Herring Gulls Larus argen-
tatus L. nesting in the same colony (GOETHE, 1939) or in different pairs of the
Great Tit Parus major L., nesting in the same wood (TINBERGEN, 1949).

VIII. PREPARATION OF FOOD BEFORE ITS BEING GIVEN TO NESTLINGS

Birds can admittedly change the form of food before giving it to their young,
but the range of such actions is very narrow, usually confined to the crushing
of hard beetles or at most the tearing-away of the head. KLutsveR (1933), for
instance, writes that the only type of preparation of food for nestlings was
the decapitation in the large species of the genus Carabus and in Colymbetes
fuscus L. and Dytiscus punctatus F. There are still several other reports, according
to which the birds tear the legs, wings, wing-cases and heads away from the
bodies of insects brought to the nests (CREUTZ, 1967; HASSEL, 1961; WEINZIERL,
1961). No attempt has however been made to relate this phenomenon with the
development of the young. On the other hand, some authors mention that the
food for nestlings is almost undamaged. E.g. POKROVSKAYA (1956) states that the
butterfly caterpillars removed from the gullets of young Starlings could be bred
for many days.

Beetles brought to the nests with damaged bodies were frequently observed
in the material collected and the various degree of damage suggested a certain
connection of this fact with the development of the nestling for which they were
designed. Most of the damaged beetles belonged to the species Melolontha
melolontha. A total of 496 specimens of this species were examined for damage and
some results are presented in Table XII. They show clearly that the degree
and nature of damage was closely related to the age of nestlings. Beetles given to
small chicks were damaged in a greater measure than those for the older nestlings.
It might be supposed that soft abdomens are given to nestlings far more
frequently than heavily chitinized thoraces. This was not the case, however.
About 59, of beetles were devoid of the thorax and about 109, lacked the
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abdomen. As regards the other body parts, the beetles were, above all, deprived
of wing-cases (93 9, of cases lacking). Wing-cases did not occur in the food of the
nestlings until these were nine days old. Still on the 13th day of feeding more
than 609, of wing-cases were thrown away by the birds. Having counted the
cockechafer wing-cases torn away and left lying on the ground WEINZIERL (1961)
estimated the quantity of cockchafers consumed by Starlings at 1—1-5 tons
in a 40-hectare wood. My observations show that up to the 14th day of life of
nestlings 939, of cockchafers were without their wing-cases and, consequently,
the quantity calculated by the above-mentioned author should be increased by
about 109,.

Table XII
Degree of damage to bodies of cockchafers Melolontha melolontha L. brought to nests

Day of Life No. of Percentage of Cockchafers with Following Body Parts left

of Cock- Wing- ) Abdo- [
Nestlings chafers | Thorax | Head | .. o Wings | Legs | . Pygidium

1— 5 61 88-5 56 — 10-2 2-2 86-8 32-0
6— 9 164 96-3 7-6 39 32:6 6-1 95-8 61-8
10—14 271 96-6 337 11-8 55-7 15-0 87-8 91-1
2—14 496 95-6 23-6 7-4 43-6 10-6 90-3 73-9

The data presented below and illustrating to which day of nestlings’ life a1l
cockchafers were deprived of particular body parts are a supplement to
Table XII:

up to 2nd day of life without pygidium

up to 3rd ,, » 5 wings

up to 4th ,, 5 5 head and legs, and
up to 8h A 3 wing-cases

As far as the legs are concerned, legs IIT were removed most frequently
and legs IT most rarely. In the total of 301 legs left legs I formed 339, legs IT
40%, and legs III 279,.

It is also interesting how the food made up of a large number of small insects,
e.g. Cantharis or Bibionidae, is prepared for nestlings. If such tiny specimens
are numerous, they are given to them in the form of compact "noodles”. The
size of such rations is sometimes farily large, e.g. 31 X 14 mm or 22 X 14 mm, and
they may contain as many as 50 specimens. They are firmly glued together
by the bird with saliva and the whole is intertwined with and wound round.in
grass blades and moss stems. Such rations are so compact that it is hard to
disintegrate them by means of a pincette without damaging some of the spec-
imens.
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IX. EFFECT OF SHORT-LIVED STARVATION ON THE PHYSICAL DEVELOPMENT
OF NESTLINGS

Each night, when the adult Starlings do not bring food to the nest, the
nestlings endure a short-lived starvation (lasting about 9 hours). This period is
however long enough to affect the physical development of nestlings (Fig. 5).
This is best seen from the rate of increase in the body weight of nestlings. After
the night starvation nestlings lose on weight up to 109, of their weight in the
preceding evening, but the loss is quickly compensated by normal feeding on
the next day. Thus, the body weight of nestlings increases by leaps: intense
increases occur in daytime (they may even reach 509, the percentage being
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Fig. 5. 24-hour fluctuations in the increase rate of body weight (w), tarsometatarsus length (t)
and bill length (b) in 42 Starling nestlings. m — measurements taken in the morning, e — measu-
rements taken in the evening

dependent upon the age of the nestling) and partial resorptions in the night.
The increase in the length of bill undergoes similar though much smaller daily
fluctuations. Out of the three parameters of the development of nestlings
measured by me, only the increase in the length of tarsometatarsus did not
show any fluctuations connected with the deficiency of food in the night.

I succeeded in observing the effect of a somewhat longer starvation on the
development of a Starling chick, when through an oversight I had left the collar
placed round the neck of a five-day nestling in a brood of six. It had the collar
on from 6-40 a.m. on the fifth day of life to 7:00 p.m. on the sixth day, i.e. for
36 hours. Thus the period of hunger lasted for nearly two whole days and a night
and in spite of that did not end in the nestling’s death.



382

90 4

704

50 -

L) L L L§ 1 ¥ L] 1) ] L{ L) 1§ L} 1 LI

1 5 10 15 d

Fig. 6. Influence of short-lived starvation on the increase in body weight of Starling nestling
Solid line — starved nestling, crosses — starvation, broken line — mean from data for remaining
5 nestlings. g — weight in grams, d — days of life
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Fig. 7. Effect of starvation on the increase in length of tarsometatarsus (A) and bill (B). For
explanation see Fig. 6
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As the nestlings were individually marked, it was possible to observe further
inerements in the weight of body, the length of bill and that of tarsometatarsus
of the starved nestling and to compare them with these parameters in the other
five nestlings from the same nest. The results obtained are shown in graphs
(Figs. 6 and 7).

This observation of the physical development of the starved nestling shows
that the rate of increase of the body weight responses to starvation in quite
a different manner than does the rate of length increase of the bill and tarsome-
tatarsus. The greatest difference was found in the body weight, which during the
36-hour period of starvation decreased by nearly 24 9, from 38:0 g to 29-0 g. The
means for the other 5 nestlings in the same period were respectively, 30-8 and
41-2 g. Therefore their body weight increased by nearly 349, whereas the
backward nestling at the end of its starvation was lighter on the average by about
309, than the other nestlings. A slight fall in the weight of the starved nestling
on the 10th day of life was also interesting. On that day the other nestlings
of the brood put on the average only 0-2 g (0-39%,) on weight and the backward
nestling lost 3-5 g or about 79, of its body weight. The inhibition of increase
and the fall in body weight were probably due to a smaller intensity of feeding
caused by heavy rain. This indicates how great an influence is exerted by
disturbances in the normal course of feeding, caused by e.g. unfavourable
weather conditions, upon the development of the smallest nestlings of a brood.
In extreme cases they may lead to the unusual mortality of broods (e.g. MIERZ-
WINSKI, 1955), especially that ‘of the smallest chicks in the nest.

The effect of starvation on the increase in length of the bill and tarsometatar-
sus was quite different. Both the bill and legs grew almost normally during the
period of starvation. The complete inhibition of the growth of these parts of body
did not occur before the second day after the ending of starvation. It lasted a day
and night. At that time, with the size of the skeleton remaining unchanged,
the soft body parts, previously resorbed, were being regenerated. Two days
after the end of starvation the nestling attained normal body proportions and
differed from the other chicks in the nest only in its smaller size.

It can be seen from the foregoing observations that the skeleton grew almost
normally in spite of unfavourable nourishing conditions, probably at the cost
of the fat supplies and perhaps partly of muscles. This enables a nestling to
make up arrears in a short time as soon as it receives normal quantities of food.
No change in the growth rate of the bill and tarsometatarsus was found in
response to slight dlsturbances in feeding (e.g. on the 10th day of life mentioned
above).

Still another fact deserves special attention here. It is generally accepted
that a nestling which does not receive its normal quantity of food (e.g. the one
bred in a house) dies soon. It now appears that the appropriate amount of heat
is more important to the young nestling than food, naturally with regard to
a short period of time. The starved nestling received the amount of heat necessary
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for life from the other nestlings and in the night also from the female. The
received amount of heat was quite sufficient for the nestling to keep alive t'or
nearly two days even though it was completely deprived of food.

X. CONCLUSION
The graph in Fig. 8, aiming at a comparison of the results of this investi-

gation with the results of similar studies on the food of the Starling’s nestlings,
provides also information about variation in the food composition in relation
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Fig. 8. Differences in food composition of Starling nestlings. a — orchard in Germany (Gok-

NANDT, 1959b); b — agricultural region in Poland (Gromapzxri, 1969); ¢ — meadows and

pastures in Holland (KLU1JVER, 1933); d — pine wood in Germany (MANSFELDT, 1961);

s — forest infested by Tortriz viridana in Germany (Preirer and KEir, 1958); £ — forest near

Leningrad (POKROVSKAYA, 1956); g — residential quarter near meadows and pastures (own

investigation). Food items: 1 — Diptera, 2 — Coleoptera, 3 — Lepidoptera, 4 — haneae,
5 — Varia

to breeding environment. As regards the orders included in the graph these
differences chiefly concern quantitative relations. It may be stated that the
proportional shares of specimens belonging to the orders which are the most
frequent in the food of the Starling’s nestlings vary from environment to envi-
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ronment. E.g. the Starlings observed by PFEIFER and KEIL (1958, 1959) foraged
in a forest infested by Tortrix viridana L. and it was these butterflies that
predominated in their food. In the food of Starlings nesting in a pine forest
(MANSFELD, 1961), the Lepidoptera also constituted one of the abundant food
items. The complete lack of lepidopters in the food of the Starlings nesting in the
region of Leningrad is no less interesting (POKROVSKAYA, 1956). Thus, the
possibility of occurrence of big differences in comparison with the results obtained
with other materials should be allowed for in the studies of food composition in
starlings as well as that in other polyphagous species. Each new environmental
situation may cause the appearance of new food items or at least the presence
of items found before but in different quantitative proportions.

An analysis of the dependence of the composition of food brought to nests
upon different environmental situations suggests that in order to obtain a possibly
full picture, in the studies of food samples must be taken in such a manner that
they cover different stages of the development of nestlings, different periods
of day, at least several nests, different breeding seasons, etc. Moreover, the
analysis of the material collected should include not only the number of specimens
in particular groups of foods, but also other parameters, e.g. mass, volume,
or calorific value. As I have already emphasized several times, the consideration
of only one quantitative parameter may lead to false conclusions. HARTLEY
(1948) attracted attention to this fact long ago, but only few studies, e.g. that
by GromMADzKI (1969), have included more than one quantitative parameter
of food. :

Translated into English Laboratory of General Zoology,
by Jerzy ZAwADZKI Adam Mickiewicz University
Fredry 10, 61-701 Poznan, Poland

REFERENCES

BoGuckr Z. 1964. Badania skladu pokarmu drobnych ptakéw w okresie legowym. Ekol. Pol.,
Ser. B. Warszawa, 7: 123—129.

Boeuckr Z. 1972. Studies on the activity on the starlings Sturnus vulgaris LixNarus, 1758,
in the breeding season. Acta zool. crac., Krakéw, 17: 97—121.

CrEUTZ G. 1967. Amsel verfiittert Maikafer. Der Falke, Berlin, 14: 853.

CZARNECKI Z., GRUSZOZYNSKA J., SMOLEXNsKA E. 1955. Badania nad skladem pokarmu plomy-
kéwki (Tyto alba guttata [C. L. Br.]) w latach 1950—1952 w wojewbddztwie poznanskim.
Prace Kom. Biol. P.T.P.N., Poznani, 13 (3): 1—35.

Dunner G. M. 1955. The breeding of the Starling, Sturnus vulgaris, in relation to its food supply.
The Ibis, London, 97: 619—662.

Goerae F'. 1937. Beobachtungen und Untersuchungen zur Biologie der Silbermowe (Larus
a. argentatus Ponrorr.) auf der Vogelinsel Memmertsand. Journ. f. Ornithol., Berlin, 85:
1—119.



386

GornanDpT H. J. 1959a. Erndhrungsbiologische Untersuchungen an Nestlingen von Kohlmeise
und Star. Pflanzenschutz, Miinchen, 11: 69—78.

GORNANDT H. J. 1959b. Ein Ergebnis Ehrnidhrungsbiologischer Untersuchungen an Nestlmgen
im Obstbau. Gesunde Pfl., Frankfurt a. M., 1959 (5): 1—S8.

GroMADzKI M. 1969. Composition of food of the Starling, Sturnus vulgaris L., in agrocenoses.
Ekol. Pol., Ser. A, Warszawa, 17: 287—311.

HartrLeY P. H. T. 1948. The assessment of the food of birds. The Ibis, London, 90: 361—381.

Hasser L. 1961. Stare fiittern Nestjunge mit Laufkéfern! Orn. Mitt., Stuttgart, 13: 95.

KarmeacH E. R. 1928. The European Starling in the United States. U. S. Dept. Agric. Bull.,
‘Washington, 868: 1—66.

Kruisver H. N. 1933. Bijdrage tot de biologie en de ecologie van den Spreeuw (Sturnus vulgaris
vulgaris L.) gedurende zijn voortplantingstijd. Wageningen. 145 pp.

MaxnsreELD K. 1961. Zur Forstbiologische Bedeutung und szur Errichbaren Siedlungsdichte
Insektenfressender Vogel in Kiefernbestéinden. Der Falke, Berlin, 8: 61—63, 91—93.

MrerzwIXsKI W. 1955. Uwagi o wplywie polozenia geograficznego i pozywienia na legi szpakow.
Chroimy przyr. ojcz., Krakéw, 11 (6): 35—36.

PrFABE E., SzYPULA-GADOR K. 1964. Udzial szpaka (Sturnus vulgaris L.) w zwalczaniu pedrakéw
chrabgszeza majowego i kasztanowca (Melolontha melolontha L. i M. hippocastani F.) na
terenie Lasu Ruda kolo Pulaw. Sylwan, Warszawa, 108: 67—75.

PreIFER S., KEIL W. 1958. Versuche zur Steigerung der Siedlungsdichte hohlen- und freibriiten-
der Vogelarten und ernihrungsbiologische Untersuchungen an Nestlingen einiger Singvogel-
arten in einem Schadgebiet des Eichenwicklers (Tortriz viridana L.) in Osten von Frankfurt
am Main. Biol. Abhandl., Wiirtzburg, 15/16: 1—52.

PrEIFER S., KELL W. 1959. Beitrage zur Ehrndhrungsbiologie einiger hiufiger Vogelarten im
Nestlingsalter. Gesunde Pfl., Frankfurt a. M., 1959 (1): 1—é6.

PorrOVSEAYA L. V. 1956. Ilckpesckas M. B. 1956. Martepuanbl IO NMTaHUIO THE3JOBBIX IITEH-

' noB JecHbIx mrun JlemmHrpagckeii comactu. 3001, »KypHaI, Mocksa, 35 (1): 96—110.

82133 J. 1957 a. Uber die Jahreszeitliche Erndhrung des Stare in Ungarn. Orn. Mitteil., Stuttgart,
9: 93—94.

Sz137 J. 1957b. The food biology of the Starling and its agricultural importance. Aquila,
Budapest, 63/64: 71—101.

TINBERGEN L. 1949. Bosvogels en insecten. Ned. Boschbouw-Tijds, 4: 91—105.

WeinzierL H. 1961. Zur Ernihrungsbiologie des Stars (Sturnus vulgaris). Orn. Mitteil., Stutt-
gart, 13: 133—134.

STRESZCZENIE

Prace terenowe zwigzane z badaniami nad skladem pokarmu pisklat szpaka
Sturnus vulgaris, LINNAEUS, 1758, prowadzono w Puszczykowie, w Wielkopol-
skim Parku Narodowym, w latach 1962 i 1963. Obiektem badan bylo 16 gniazd
(w 1962 r. — 9 gniazd zawierajacych lacznie 42 piskleta, w 1963 r. — 7 gniazd
z 29 piskletami). Badania prowadzono stosujac metode ucisku szyjnego. W okre-
sie dwuletnich prac zebrano lgcznie 260 jednogodzinnych préb pokarmu, z kt6-
rych wypreparowano 4142 okazy, gtéwnie réznych grup stawonogéw (Tabela I).

Zebrany material scharakteryzowano pod wzgledem jakosciowym. Analiza
jakosciowa obejmowala: czestotliwo§é (wyrazong w %,) wystepowania poszcze-
gblnych rodzajéw pokarmu w prébach, liczbe okazéw oraz ich objetosé (w cm?).
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Caly pokarm pogrupowano wg nastepujacych kryteriéw: pierwsza grupa (dla
ilo§ci — pokarm dominujgecy, dla czestotliwo§ci — pokarm staly) obejmuje te
komponenty pokarmu, ktérych wartoSci procentéw udzialu sg najwyzsze,
a lacezna suma tych procentéw wynosi okoto 68; druga grupa (dla ilo§ci — pokarm
uzupelniajgey, dla czestotliwo§ei — pokarm czesty) obejmuje sktadniki pokarmu,
o nastepnych z kolei wartosciach udzialu, a ktérych suma wynosi okoto 27 %;
do trzeciej grupy (dla ilo§ci — pokarm §ladowy, dla czestotliwos$ci — pokarm
sporadyczny) nalezg pozostate skladniki pokarmu. Taki podziat na trzy grupy
jest uzasadniony naturalnym podziatem populacji liczb na zakresy wyznaczone
krotnogciami standardowego odchylenia. Dalsze grupowanie skladnikéw pokarmu
‘mialo na celu okreglenie ich roli w diecie szpaka. Uwzgledniano wszystkie trzy
(czestotliwosé, liczebnosé, objetosé) aspekty ilo§ciowe lgcznie (Tabela II).
Pokarm zasadniczy grupuje te skladniki, ktére ani razu nie znalazty si¢ w grupie
trzeciej, a przynajmniej raz zaliczone byly do grupy pierwszej. Pokarm pod-
rzedny, to te skladniki, ktére znalazty si¢ w grupie drugiej, a pokarm przypad-
kowy tworzg takie sktadniki, ktére co najwyzej raz znalazly si¢ w grupie drugiej.
Po takim podziale najbardziej urozmaiconym gatunkowo jest pokarm przy-
padkowy, ale jego ilo§¢ (liczebnogé i objetosé) nie przekracza 5 9, calego pokarmu.

Sklad pokarmu szpakoéw gniezdzgcych sie w tej samej kolonii w réznych
sezonach legowych nie jest jednakowy (Tabela III). Obserwuje si¢ nieraz dosé
znaczne réznice zaré6wno w skladzie jako§ciowym (gtéwnie na poziomie gatun-
kéw), jak i ilo§ciowym pokarmu przynoszonego piskletom. Najwieksze wahania
obserwuje si¢ wréd tych komponentéw pokarmu, ktére w przyrodzie wystepuja
nieregularnie lub w nieréwnych ilo§ciach w poszezeg6lnych latach (Tabela IV).
Liczebno§é okazéw przynoszonych do gniazd byla w 1962 roku o 30 %, wieksza niz
w roku nastepnym, ale jego objetos¢ réznita sie tylko o 39%,. Pomimo znacznego
zréznicowania liczby okazéw ich Iaczna objeto§é nie ulega wiec zasadniczym
zmianom.

W miare rozwoju pisklat zmienia sie réwniez sklad ilo§ciowy (Tabela V,
Rye. 1) i jako§ciowy (Tabela VI) podawanego im pokarmu. W pierwszych dniach
karmienia mlode szpaki otrzymuja gléwnie pokarm miekki (rézne larwy, mu-
choéwki) i wysokokaloryczny (pajaki), a dopiero pézniej otrzymujg coraz to
wieksze ilo§ci okazéw o twardej powloce ciata (chrzaszeze) (Rye. 2). Zmiany te sg
szczegllnie wyrazne w przypadku pajakoéw (Tabela VII). Zmienia si¢ réwniez
wielko§é okazéw zdobyczy przynoszonych do gniazda. Na 1 em® objetosei
pokarmu pisklagt w wieku do 5 dni zycia przypada przecietnie 7,2 okazéw,
od 6 do 9 dnia zycia — 4,6 okazu, a u pisklgt 10—13 dniowych tylko 3,4.

Réznice w skladzie pokarmu, zachodzace w trzech podstawowych porach
dnia, warunkowane s3 gléwnie r6zng aktywnoscig dzienng potencjalnych zdoby-
czy szpaka. Niektére rodzaje pokarmu szpaki zbieraja czeSciej i w wigksze]
ilo§ei rano (chrabaszez majowy), inne za§ w poludnie (prostoskrzydte, blonkéwki)
lub po potudniu (pajaki) (Tabela VIII). Ilo§é okazéw pozostaje w ciggu calego
dnia mniej wiecej w jednakowej proporeji do ich objetosci (Tabela IX, Rye. 3).

Najwiecej okazéw w jednej probie pokarmowej stwierdzono w gniazdach
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z 4 piskletami. Préby te réwnoczesnie byly najmniejsze (Tabela X). Poszezegilne
pary szpakow gniezdzace sie w tej samej kolonii, a wiec zerujace w wiekszosci
przypadkéw na tych samych zerowiskach, przynosza do gniazd pokarm do&é
znacznie réznigey sie skladem jakogciowym i ilogciowym (Tabela XTI). U niekto-
rych par nie znaleziono nawet bardzo licznie wystepujacych w pokarmie szpaka
skladnikow pokarmu (np. ryjkowecéw, chru$cikéw). Chociaz liczba okazdw
przynoszonych w ciagu godziny jest w poszezegélnych legach dogé silnie zrézni-
cowana, to jednak sumaryczna ich objeto$é pozostaje na mmiej wiecej jedna-
kowym poziomie (Ryc. 4).

Na przykladzie chrabaszeza majowego wykazano, ze w miare rozwoju pisklat
dorosle szpaki coraz to mniej uszkadzaja ciata przynoszonych do gniazd zdobyczy
(Tabela XII). Do drugiego dnia zycia wlacznie wszystkie chrabaszeze pozba-
wione byly pygidium, do trzeciego — nie miaty skrzydel, do czwartego — wszyst-
kie miaty poodrywane glowy i nogii az do 8 dnia karmienia — catkowicie pozba-
wione byly pokryw. ;

Na kréotkotrwaly (nocny) brak pokarmu piskleta reaguja zahamowaniem
przyrostu masy ciata Iub nawet znacznym jej ubytkiem (Ryec.5). Jedno piecio-
dniowe piskle byto calkowicie pozbawione pokarmu przez 36 godzin (dwa dni
i jedna noc). Piskle przezylo, lecz stracito 24 9, masy ciata (Ryec. 6), a w stosunku
do normalnie rozwijajacych sie pozostatych pisklat w gniezdzie — okolo 309%,.
Zahamowanie przyrostu szkieletu (mierzonego dlugoscia dzioba i skoku) nasta-
pilo dopiero po 2—3 dniach od zakonczenia glodéwki (Ryec. 7). W 15 dniu zycia
piskle owo pod wzgledem rozwoju fizycznego dogonito rodzenstwo. Dowodzi to,
ze dla matego pisklecia, oczywiscie na krétks mete, wazniejszy jest staly doptyw
odpowiedniej iloSci ciepta z zewnatrz (od rodzenstwa i samicy) niz pozywienie.

Wykres na rye. 8 ilustruje zmienno§é w proporcjach najliczniejszych grup
zwierzecych, stwierdzonych w pokarmie pisklat szpakow gniezdzacych sie
w roznych §rodowiskach. W badaniach nad pokarmem nalezy uwzgledniaé¢ nie
tylko liczebnosé poszezegdlnych rodzajéw pokarmu, ale takze jego mase, objetosé,
warto§é kaloryezng i czestotliwo$é jego pobierania.

PE3IOME

ITosieBBle HCCIENOBAHUA CBSI3AHHBIE C W3yUYEHHEM COCTaBa MUY IITEHIIOB CKBOpIA
obpikuoBernoro Sturnus vulgaris, LINNAEUS, 1758, nposommmace B Ilymmukose,
B Benpromosscxkom Harmonassuom Ilapke, B 1962 1 1963 rr. OGBEKTOM UCCIIEM0BAHM
65110 16 ruéan (B 1962 r. — 9 ruésy, B KOTOPBIX HAXOAMWIIOCH B cymMme 42 nrenua, B 1963 r.
7 ruésn ¢ 29 nrennamu). MccaemoBanysi IPOBENEHO IPHMEHAS METO IIEHHOrO HAYXKIMA.
Ha nporshxenun JByX JIeT coOpaHo B cymme 260 01HOYACOBBIX NPO0 IHUIIM, U3 KOTOPHIX
usBieyeHo 4142 sx3eMmisgpa, IJIABHBIM 00pA30M, PAas3jIMYHBIX IPYOI UJICHUCTOHOIUX
(Tabmuna I).



389

CoOpaHHplii MaTepuajl ONpEAeJIEHO B KayeCTBEHHOM OTHOLIeHuu. KauecTBeHHBIH
aHAJIN3 OXBATHIBAJI: YAaCTOTY (BBIPKEHHYIO B %) HAXOMKIEHUS OTAEIHLHBIX BUIOB KOpMa
B 1Ip00ax, KOJIMUECTBO 3K3EMIUIAPOB, 2 Takyke ux o6BEM (B cm®). Bech Kopm crpynmupo-
BaHO I10 CJIEJYIONIMM KPUTEPUAM: IMepBasi rpyima (I KOJIMYecTBa — JOMUHMDYIOUIMA
KODM, JJIs1 YaCTOTBI — IIOCTOSIHHBIM KOPM) OXBAaThIBAET T€ KOMIIOHEHTHI KOPMA, KOTOPBIX
BEIMUMHA TIPOLIEHTHOIO yIesa sIBJIsieTCs Hauboliee BBICOKOM, a o0IIas CyMMa 3THX IIpO-
UEHTOB COCTABJIAET OKOJIO 68; Bropas rpymma (IS KOJMUYECTBA — JOIOJHMTEIBHEIL
KOPM, IJIsI YaCTOThl — YacThIi KOPM) OXBaThIBAET COCTABHBIE YACTH KOPMA CO CIIEAYIO-
L[MH CTOMMOCTSIMH YI€JIa, CyMMa KOTOPBIX COCTaBIIAET OKOJIO 27%, ; K TPETheH rpyrmie
(I7sT KOJIMUECTBA — HUUTOYKHAA BEJMUMHA KOPMA, I YacTOThI — CIIOPANUUECKUI
KOpM) IIPMHAMJIEXKAT OCTaJIbHBIE COCTABHBIE YacTHl Kopma. Taxoe paspiesieHue Kopma
Ha TPY IPYIIBI 000CHOBAHO €CTECTBEHHEIM PAs/IENICHHUEM TIOIYIIAIMY YHCe I HA TUATIa30Hb]
YCTaHOBJIEHHbIE KDAaTHBIMH CTaHJApTHOIO OTKJIOHeHMs. [llanmpHelias IpyIIMpOBKA
COCTaBHBIX YacTeH KOPMa COCTOSLIA B ONPEHEIEHIM UX POJM B JUETe CKBOPHA. Y YUTHIBA-
JIICh BCE TPH KOJIMUECTBEHHBIE aCTieKTh] (UacToTa, KOJIUUECTBO, 06BEM) Bmecre (Tabimm-
1a IT). OCHOBHOM KOPM I'DYIIIMPYET Te COCTABHBIE YACTH, KOTOPBIE HU OJWH a3 He HAIll-
JIUCh B TPEThEH IPYIIIE U XOTSE O pa3 OBLIM 3aCUUTAHB] K IEPBOi rpyme. BropocremeH-
HBIH KOpM, 9TO T€ KOMIIOHEHTHI, KOTOPbIE HAIIIHMCh BO BTOPOM IPYINIE, & CIIyYalHBIA
KOpM 00pasyIoT TaKHE KOMIOHEHTHI, KOTOpble He GOJible OfHOr0 pasa HaILIMCh BO
Bropoit rpymme. ITocie Takoro gesnenus, HauOoJIce PA3HOOOPA3HBIM, B BIIOBOM OTHOIIIE-
HMH, ABJIIETCS, CIYYaRHBIM KOPM, HO €r0 KOJHYECTBO (UHCIIEHHOCTD 1 00BEM) HE IIPEBBI-
maer 5%, BCEro Kopma.

CocTap KOpMa CKBOPIOB, THE3/IAIIIXC B OJTHOH KOJIOHUU B pasiuuHple BHIBOJKOBDBIC
nepuoJel, He oauHaxkoB (Tabmuma IIT). Habmromarorcss wHOrma TOBOJBHO OOJBILVC
PasHUIBL, KAK B KAUECTBEHHOM (IJIaBHBIM 00pasoM Ha yPOBHE BHIOB), TaK U B KOJIECT-
BEHHOM COCTaBE KOpPMa, IPHHOCUMOro mrennam. HaunGonpsmme Kosebanvss HAOIIOHAIOTCS
Cpeiy TEX KOMIIOHEHTOB KOPMa, KOTOPbIE OTMEUAIOTCA B IIPUPO/IE HEPETYIIAPHO WK B Pas3-
JMYHPIX KOJIUYECTBax B OTHesbHBIX rojax (Tabmuma IV). KonmuecTBO 9K3EMIUIIPOB,
IPUHOCHMBIX B THE3AA OpLI0 B 1962 r. Ha 309, Gonblue, ueM B CIEAYIOMEM TOLY, HO
00BEMOM OH OTIMIAIICS JIMIIs Ha 3%. HecMoTpsl Ha sHaunTeNpHyI0 MudhepeHIMpOBKY
KOJIMUECTBA 9K3EMIUIAPOB, UX OOIIMi 00BEM B OCHOBHOM HE M3MEHSIETCH.

ITo mepe PasBUTHSA NTEHIOB, TAKYKE MEHSETCA KOTNUECTBEHHBLL (Ta6muua V, Puc. 1)
u KauecTBenubll (Tabmma VI) cocraB npunocumoro xopma. B TIEPBBIX JHAX KOPMJIEHUST
MOJIOZIBIE CKBOPIIBI II0JIYYAIOT, [JIABHBIM 00Pa3OM, MAIKUM KOpM (pasiuyHbIe JHIUHKM,
JBYKPBUIbIE) H BHICOKOKAJIOPUUECKHH (IAyKM), TI03Ke TIOJIyYaroT BCE GOJIbIIIEe KOJUYECT-
BO 9K3EMIUIAPOB C TBEPABIM IOKPOBOM Tena (sxyxu) (Puc. 2). Oru usMeHEHUsI SIBJIIOTCA
0COOEHHO OTUETIIMBBIMY B Ciiydae Iaykos (Ta6mma VII). MensieTcst TaxOoKe BEJIHMYMHA
9KSEMILIIPOB NOORIYM IPHHOCKHMOM B rre3no. Ha 1 cm® 06béma Kopma IITEHII0B B BO3PAcTe
0 5 iHeH, B CPETHEM,, IPUXOIUTCS 7,2 9K3EMILISIPA, B Bo3pacte OT 6 1o 9 mueit — 4,6 ox-
3eMIUIApa, a y nreHnoB B pospacre 10—13 mmedt mums 3,4.

Pasuuie! B cocraBe KOpMa, IPOUCXOISAINIE B TPEX OCHOBHBIX IIEPUOJAX THA, o0ycnoB-
JICHBI, IJIABHBIM 00PasoM, DASIMUHON IHEBHON AKTHBHOCTHIO IIOTCHIMAJBHOM JOOBIUM
ckBopia. Hexoropble BUABI KOPMA CKBOPIIBI COOMPAIOT YaIle M B 0OJBLIEM KOJUUECTBE
YTPOM (MabicKuit JKyK), JPYIHeE YK€ B IOJIEHb (MPAMOKPHUILIE, MEPENOHYATOKPBIIBIE)
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ny mocste obena (mayxu) (Tabmuma VIID). KoanueCTBO 9K3eMINIAPOB HA MPOTHKEHUU
L[EJIOTO [THST HaXONUTCsT B 0OMee MEHES OMUHAKOBOM Iponopimy K ux 00bémy (Tabmima IX,
Puc:3): BT : £ : : :

B opmoit xopmoBo#l ipofe 0TMEUEHO ‘HARO0IbIIee KOINUECTBO IK3EMILIIPOB B THE3/IE
¢ 4 nrennamy. OTHOBPEMEHHO 9TV IPOOBI ObLm Haumensiumy (Tabmma X). OrgensHble
[AapBI CKBOPIIOB; THESHSAIUMAECS B OMMOM KOJOHWI; TO €CTh; NATAOIKECS: B OOJIBIINHCTRE
CIIy4acB B OOMHAKOBBIX MECTAX, TIPHHOCAT B THE3MI0 KOPM OTJIAUATONHHACA KOIUUECTBEH-
HBIM M KauectBeHnbM cocTapom (Tabmmna XI). ¥V HexoTopplx map He  HaRHZEHO Hayke
OUEHB MHOIOUHCIIEHHBIX B KOPME CKBOPIA KOMIIOHEHTOB KOpMa (Ha IpuMep JOJIrOHOCHKOB,
pPyueiHIKOB). XOTS KOJUUECTBO SK3EMILIAPOB ; PUHOCUMBIX B TEUECHNE yaca ¥ OTAECILHBIX
BBIBOJKOB SIBJISIETCS CHIIBHO Mu(depeHIEPOBAHEEIM, TO, OIHAKO, CYMMAPHBIA X 00BEM
ocTaércs ‘Ha MOUTH OofuHaKcBoM yposHe (Puc. 4).

Ha mpumepe MaliCKOro »Kyxa J0KasaHo, YTO IO Mepe PAasBUTHSA IITECHIIOB, B3POCIbIE
CKBOPIEI BCE MEHee PaspyIIAIoT Tella IIPUHOCUMBIX B THE3[10 9K3eMisipoB (Tabmma X1T).
110 BTOPOro [Hs YKUSHU BKIIIOUXTEIFHO BCE MAWCKUE KYK¥ ObLIN JIMIICHB] IMIUIES, [0
TPETHEr0 — KPBUIBER, [0 UETBEPTOrO — BCE HMMENY OTOPBAHHBIC TOJIOBBI U HOTU M HO
8 mEs wopmileHHsT — OBLIM JIMIICHB! HATKPBLINH.

Ha xpatxoBpemenHoOe (HOUHOE) OTCYICTBYE KOPMA, ITEHITHI PEarupyioT IPUOCTAHO-
BJICHHEM IPHPOCTA Beca Teja MM HKe SHAYNTEIRHBIM ero yourmxom (Puc. 5). Opmum
TIATUNHEBHBIA IITeHEN] GBI MOJIHOCTHIO JIMINEH KopMa B TeueHue 36 yacos (Ba SHA U OHY
Houb). IITeHel] OcTancs »KUBBIM, HO morepsan 249%, Beca tena (Puc. 6), a B OTHOIICHUM
K HOPMaJbHO PASBUBAIOIUMCS OCTJIBHBIM ITEHIIaM B I'HE3Je — Oxoso 309,. 3aropmo-
JKEHHE IPUPOCTa CKejieTa (WSMEPsIeMOro MJIMHOM KJIOBA ¥ IUIFOCHBI) IIPOM30LLIO JIHIIb
3a 2—3 musa mocie rosomosxu (Puc. 7). Ha 15 nmews sxusuu stoT nreHen (GuSHUECKUM
DAasBUTHEM JOTHAT COOPaTseB. DTO JIOKA3HIBAET, UTO il MAJOrO ITEHIA, KOHEUHO,
Ha He60MIBIIOE BPEMSI, 00Jiee BAYKHBIM ABJIACTCS MOCTOSHHBIN IPUTOK COOTBETCTBYIOIIEr0
KOJIMUECTBA TEIa CHapy»xu (0T COOpAaThEB M CAMKM) UeM IIALIA.

[paduk na puc. 8 WUKOCTPUPYET U3MEHUMBOCTh B IIPOMOPIHAX HanOOJIce MHOIOYH-
CHIEHHBIX TPYII YKUBOTHBIX, OTMCUCHHBIX B KOPME NTEHI[OB CKBOPIOB, I'HE3IAIIMXCS
B PasNMUHLIX Cpefax. B HCCIENOBAHMAX KOPMA CIE[yeT yUUTHIBATH HE TOJBKO UHCIIEH-
HOCTB OTJIENBHBIX BUIOB KODMA, HO TAKyKE €0 Maccy, o0bEM, KaJOPHUMHOCTh W YacTOTy
ero mpuéma.
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