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Abstract: This paper summarises the results of four year investigations on the density, productivity, ha-
bitat selection, food composition and migration of the starlings in the Zulawy Wislane and gives some conclusions
on the role of this species in the agriculture of investigated area. Food requir t was estimated by calculating
the daily energy budget (increased during the migration period by the energy requirement of preparation) with
the coefficient of food assimilation taken in to consideration. During the growing season starlings take 5363450
Kcal/km?*; about 7 9% of these is taken by breeding population and 739% by migrant birds during spring and
autumn migrations. Starlings can do damage on crop fields locally only but in general they have not significant
impact on agriculture (they consume not more than 2% of the amount of seedgrain sown in 1 ha). Their feeding on
insects contributes to the reduction of the abundance of the pest populations.
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468 M. Gromadzki 2
INTRODUCTION

The objective of this study was an attempt to define the food requirement
of the starling population of the Zulawy Wislane and its effect on the
agriculture of the area. At the same time this paper summarises the results
of the investigations carried out on the starling in the Vistula Zulawy from
1971-1975 within a PAS project called “Significance of birds in agrocoenoses”.

Within the above-mentioned project investigations on the starling in
Poland were carried out at several sites, but wide-ranging and intensive inves-
tigations were carried out only in Wielkopolska and Zulawy. Both subpro-
grams were to study the same problems and to provide an estimate of the signi-
ficance of starlings in two, in many respects completely different, regions.
Due to difficulties of methodology the program of investigation in Wielko-
polska was limited to a broadly interpreted breeding period completely ignoring
birds on passage (BoGucokr 1977) which, as it will be shown in this paper, may be,
and most frequently are, of crucial importance for an estimate of the role of
a given bird species in nature and of its economic effect.

The author of this paper may be accused of over-simplification and accept-
ing arbitrary assumptions but, at the present stage of knowledge, this is ne-
cessary for obtaining a general picture of the phenomena studied. Moreover
the author believes that the need for such studies is so great that it is impossible
to wait until the collection of detailed data is complete and ideal study methods
have been worked out. This, of course, does not mean that these should be neglec-
ted. Such an opinion accords with those appearing in world literature in recent
years (DoOBROWOLSKI 1973; WikNs, DyYErR 1975; Wiens, NussBAUM 1975;
WieNs, Scorr 1975 et al.).

The starling was chosen as the subject of the investigations for the follow-
ing reasons. Firstly, it is one of the most numerous birds in Europe (Bo-
GUCKI 1977). It is also one of the bird species occurring most commonly in
agrocoenoses and throughout the year, it collects in that habitat most of the
food it eats (GROMADZKI 1969).

Secondly, the starling is a species expanding its range and population
density in Europe (BERTHOLD 1968). This expansion may be due both to natural
factors such as the climate (KALELA 1949, 1950) and man-made ones such as
changes in the systems of agriculture or urbanization (LEHTORANTA 1952;
OELKE 1967); the problem of the practical protection of this species due to this
expansion (HAVLIN et al. 1965) is certainly overestimated by some research
workers (BoGUokr 1977; GROMADzZKI 1978). Population parameters such
as migration and productivity (BErTHOLD 1968) and the feeding habits (DEL-
VINGT 1961) undergo changes as a result of the influence of external factors.

Thirdly, the starling is an omnivorous species whose diet includes a consi-
derable percentage of insects, among which are many agricultural pests (Gro-
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3 Food requirement and effect of Starling 469

MADZKI 1969; BoGUCKI 1974; GROMADZKA, GROMADZKI 1978). This is the
reason why in many countries the starling is considered an undoubtedly useful
bird. However, the starling causes considerable losses in fruit-farming, espe-
cially in areas of intensive migration and its wintering grounds (MAHJOUB
manuscript; TAnoN 1973). This is why many countries have taken measures
in order to reduce the extent of losses. The methods used vary greatly, from a com-
plete destruction of starlings to driving them away from areas most at risk
(MArJOUB manuseript; TAHoN 1973). Apart from this, the necessity for an
intensification of investigation on this species has been postulated by other
authors (KriL 1972; TAuoN 1973).

There are two reasons why the Zulawy Wislane have been chosen as an
area for investigation of the effect of starlings on agriculture. Firstly, they
are an area where this species is very numerous throughout the main part
of the growing season (GROMADZKI in press a); secondly, Zulawy are an area of
highly developed, intensive agriculture. Since farmers kept reporting losses
caused by starlings it became very important to check the correctness of their
opinions.

STUDY AREA, METHODS, MATERIAL

The Zulawy Wilane are an alluvial delta plateau of the Vistula. They lie
between longitudes 18°35’ E and 19°28" E and latitudes 54°00’ N and 54°21" N.
The highest point is 11 m above sea-level and 28% of the area is below sea-level;
the soils are muds, peat soils and peat muds. The whole area is covered by a net-
work of numerous rivers, old river-beds, drainage canals and ditches.

The climate of Zulawy is varied and greatly influenced by the sea. Spring
is late and could, autumn long and warm. Considerable variation in the weather,
both from day to day and year to year, is characteristic of the area. Air humidity
is high, strong and cold north and north-westerly winds are very frequent.
The average annual precipitation is 550 mm.

About 50 % of the area of Zulawy is ploughland and about 20% is covered
by meadows and pastures. A detailed geological-biological survey of Zulawy
and a description of the economy there have been presented in collective studies
edited by MONIAK (1974) and AUGUSTOWSKI (1976).

Data collected in Zulawy from 1971-1974 have been used in the present stu-
dy. Detailed descriptions of the methods of collecting and describing the ma-
terial as well as a discussion on these methods have been given in previous
papers (GROMADZKI 1978, in press a, b; GRoMADZKA, GROMADZKI 1978). The
amount of material collected has also been given there. Some general information
on the methods of collecting data in the field is given in the next chapter of
this study which is a summary of the invstigations carried out in Zulawy.
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470 M. Gromadzki 4

REVIEW OF THE RESULTS OF INVESTIGATIONS CARRIED OUT IN THE
ZUBAWY WISLANE

On the basis of recoveries of starlings ringed in Poland an analysis of the
phenology of starling migrations in Poland has been made and wintering
grounds and migration routes of particular populations have been established
(GroMADZKI, KANIA 1976). On the basis of migration habits starling popula-
tions in Poland have been divided into three subpopulations: north-Polish,
mid-Polish and south-Polish; this division differs slightly from the one sug-
gested earlier by Rypzewskr (1960a, 1960b) — into two populations sepa-
rated by a clinal transtitional belt. Particular populations live in different re-
gions of Poland and winter in different areas. Unlike the other two, the north-
Polish population migrates not only in spring and autumn but also in summer
and in the latter migration mainly young birds are involved. Starlings living
in Zulawy belong to the north-Polish population.

The productivity of starlings was studied in experimental colonies of
nest boxes (GROMADZKI in press b). The north-Polish population had only one
brood a year; as in other areas, the start of egg-laying is highly synchronised.
The period of egg-laying can be divided into two distinet subperiods: during the
first called the basic period over 80 9, of eggs are laid in a given year; these
are all first clutches. The second subperiod called the supplementary period -
is more prolonged in time and clutches laid then are delayed clutches or repeat
clutches following the loss of the first ones — only 4.5 % of all eggs laid in
a given year fall into the latter category.

Many young females breed in their first full summer. The proportion of
these depended on the length of time a colony had existed; it was 66 9% in the
first year and about 30 9, of all breeding females in consecutive years. That pro-
portion increased when older females were reduced by predators. Young females
began egg-laying later than older ones and they laid fewer eggs.

The size of a clutch decreased as the breeding season progressed; on ave-
rage it was 4.5 eggs in the basic period. On average, 4.3 eggs hatched and 3.4-
3.8 young birds fledged per clutch. Breeding success (number of young birds
leaving the nest in relation to the number of eggs laid) was from 70 9, to 80%;
the mean percentage of delayed and repeated clutches in the total production
of young was 6.5 %.

In the area studied, more than a half (539,) of starling nests had been
built in buildings: 42 9, of all nests were recorded in tree holes and only 5%
in nest boxes (GROMADZKI 1973). '

The density of breeding pairs and the spatial distribution of nests were
studied in a census plot of 35 km?® (GrRoMADZKI 1978). That density wa
12 pairs/km? and the distribution of the nests was of concentric characte

The composition of the food of starling pulli was studied by collectin
material by the collar method %GROMAI_)ZKA, GROMADZKI 1978). It was found
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b Food requirement and effect of Starling 471

that nestlings were fed with animal food only, and that Lepidoplera larvae and
Coleoptera and Diptera imagines constituted the main part of that food. Lar-
vae of Chareas graminis and Hadena sp., the cockchafer Cantharis fusca and
imagines of Bibio species were most frequent in those groups. No relationship
between food composition and the age of pulli was recorded.

The change in population density throughout the growing period and the
degree of utilization of different habitats in Zulawy as feeding grounds have
been worked out on the basis of data collected on long routes where the author
rode on a motor-bicyecle or drove a car (GROMADZKI in press a). The lowest
density was in the breeding season, the highest during the passage months.
Grassland was the main feeding habitat of starlings. Starlings fed on no po-
tential crop but corn; they could only damage sprouting corn.

A preliminary estimate of the significance of the starling in Zulawy has
been limited to the breeding season (GROMADZKI 1976). Tt has been estimated
that a starling population, experimentally densified to 21 pairs/km?2, took
428.459 Keal/km? from 15 April to 20 June.

BIOLOGICAL CYCLE OF A STARLING POPULATION IN THE ZULAWY WISLANE

The biological cycle of a starling population in Zulawy was divided into

six distinet periods (Fig. 1):

1) spring migration — began about mid-March and lasted till mid-April;
during that period the local breeding population arrived and populations
living in Baltic countries, in the north-western part of Russia and in north
Byelorussia passed through (GROMADZKI, KANIA 1976 ; GROMADZKIin press a).

2) breeding period — egg-laying began about 23 April, delayed and repeated
egg-laying lasted till the first days of June. The main period of feeding the
young was from 10 to 30 May, fledging occurred at the end of May and at
the beginning of June (GROMADZKA, GROMADZKI 1978; GROMADZKI in
press b).

3) post-breeding nomadic life — occurred in the early part of June and passed
smoothly to the next period — summer migration.

4) summer migration — started in the latter part of June and lasted till mid-
July or even mid-August. During this time local young starlings flew towards
the west and young starlings from the east appeared in Zulawy (GROMADZKT,
KANTA 1976; GROMADZKI in press a, GROMADZKI mat. unpubl.).

5) moulting period — began at the end of June and finished in mid-September
(GROMADZKI in press a).

6) autumn migration — began in September; throughout that period great
numbers of starlings from the east migrated over Zultawy (GrRoMADZKI, KANTA
1976 ; GROMADZKI in press a). The autumn migration was completed in the last
days of October and after that only a few starlings remained in Zulawy.
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472 M. Gromadzki 6

BREEDING INDIVIDUALS
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Figure 1. Change in population density of the Starling in the Zulawy Wislane presented on
the basis of the elimination and dynamic models.

FOOD REQUIREMENT OF A STARLING POPULATION

An estimate of the energy flow in a population is one of the basic data
necessary for understanding its role in the functioning of an ecosystem (PE-
TRUSEWICZ, MACFADYEN 1970). In cases when the energy consumption by
a population from the unit area in unit time and the sources of this energy
are the basic required values, the estimate of the full energy flow may be reduced
to an estimate of energy requirement and next food requirement of a population.
The basis for calculating that value is information on the number of birds in
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particular sex and age classes, numerical changes in consecutive life periods of
a population and data on the food requirement of an individual (of a given
age and sex) at consecutive stages of its life. However, obtaining detailed esti-
mates of the above-mentioned parameters is very difficult or, in some cases,
even impossible. In such cases it is necessary to use a simplified model which,
in spite of its numerous inaccuracies, makes a general estimate of the studied
phenomena possible.

Estimation of population density

Density changes in a population of birds living in a given area may be
considered on the elimination model (e.g. WieNs, DyEr 1975; WIENS,
NussBAUM 1975; WIENS, ScorT 1975) or the dynamic model (e.g. HorLMEs,
STURGES 1973; WEsT, DE WOLFE 1974; WEINER, GLOWACINSKI 1975). Figure 1
presents both model sworked out for a starling population living in Zutawy. The
elimination model examines changes in the number of individuals based on
data on the initial population state and such parameters as productivity, morta-
lity, immigration and emigration in particular age and sex classes. The initial
population comprises breeding adults and the population reserve, consisting
of a usually unknown percentage of sexually mature individuals which for
some reason do not start breeding (von HAARTMANN 1971) and of sexually imma-
ture birds. The size of the latter group is unknown; it contains some females
and probably all males in their first full summer (BErTHOLD 1964). It is proba-
ble that some immature birds do not return to their breeding grounds, but re-
main in wintering grounds or transit areas till the following breeding period
(GrOMADZKI, KANIA 1976).

Estimation of the productivity of the starling is fairly simple, but the
other parameters are difficult to caleculate. However, when the elimination model
is used it is most difficult to overlap the models worked out for all populations
which stay in the studied area in different seasons (Fig. 1). For migrant species
this is next to impossible.

The dynamic model is based on estimates of abundance carried out at
definite time intervals. It records numerical changes without allowing for distin-
guishing between changes caused by mortality and emigration and by produc-
tion and immigration and therefore estimates of these parameters are not essential
for using it. This is the only model which makes a complete estimate of changing
density of migrant birds in a given area possible.

During the breeding season mean density of a starling population in
Zulawy was, on the average 12.54 pairs km?, i.e. 25 birds/km? (for the con-
fidence level of 0.01 it was 13-36 birds/km?) (GROMADZKI in press a).

The change in population density of starlings throughout the growing season
is presented as changes in the number of birds recorded in 1 km of the route
(Fig. 1), (GROMADZKI in press a). Assuming that the detectability of starlings is
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Table 1. Density of starlings in consecutive ten-day periods of the growing season

1.04 11.04 21.04 1.05 11.05 21.05 31.05 10.06 20.06 30.06 10.07
Ten-day periods (1) - — — — — — — — - - -
10.04 20.04 30.04 10.05 20.05 30.05 9.06 19.06 29.06 9.07 19.07
Individuals/km 32.6 11.5 5.3 ) L7 2.1 - 4.7 9.3 19.0 16.2 33.9
(2)
of the route
Density coefficient (3) 15.5 5.5 2.5 0.8 1.0 — 2.2 4.4 9.0 7.7 16.1
Density individuals/
[km? (4) 389 138 63 251) 25 251) 55 110 226 193 404
20.07 30.07 9.08 19.08 29.08 8.09 18.09 28.09 8.10 18.10
Ten-day periods (1) — - - - = — = s = A
29.07 8.08 18.08 28.08 7.09 17.09 27.09 7.10 17.10 27.10
Individuals/km 22.2 17.7 23.7 29.6 37.7 45.6 86.9 120.1 41.1 66.3
(2)
of the route
Density coefficient (3) 10.6 8.4 11.3 14.1 18.0 21.7 41.4 57.2 19.6 31.6
Density individuals/ 266 211 283 354 451 544 1038 1435 492 793
km2?  (4)

') It has been assumed that the density equals that in the period from 11.05-20.05.
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9 TFood requirement and effect of Starling 475

the same throughout the growing season, the number of birds recorded during
the breeding season is taken as “1” and the density coefficients for all other
ten-day periods are calculated by relating the numbers of birds recorded in those
periods to this (Table 1). The values for densities of birds /km?for the whole growing
season were obtained by multiplying the density valuefor the breeding season by
the density coefficient of particular ten-day periods (Table 1). To simplify
the calculation it has been accepted that the density in a given ten-day
period is constant.

Estimation of the food requirement of an individual

Pulli. The food requirement of starling pulli has been estimated by Wmns-
TERTERP (1973). On the basis of his data it has been assumed that brood of 4
pulli requires 3140 keal, during its 20 days in the nest (GROMADZKI in press b);
thus the food requirement of pullus during its development is 785 kcal.
This value, accepted for further caleulations, does not include the influence
of clutch — size on the food requirement of pulli (RovAMA 1966; BRISBIN
1969; MERTENS 1969). However, this is justified in the face of the fact that
the mean numbers of eggs hatching (4.25 per nest) and young birds leaving
the nest (3.53) (GROMADZKI in press b) are, in Zulawy, very close to 4; besides,
there are no data making more precise calculations possible.

The mean food requirement of a brood of starlings in the second and third
ten-day periods of May (Table 2) has been calculated on the basis of the extent

Table 2. Food requirement of a starling brood (z abundance 3.53 pulli/nest) during the 20 days
in the nest (keal/brood) with regard to pulli that have died during this time

Period (1) | 11-20.05 | 21-30.05 | Total (2)

2.5 days 15.81. l - 15.81

S 7.5 days 40.26 | — 40.26

Neiings 12.5 days 49.98 19.92 69.90
living for (3) —— Al e 4] b o8
i 17.5 days 588 |  7.31 | 1319

> 20 days | 1037.82 ‘ 1729.70 | 2767.52

Total (2) 1149.75 | 1756.93 | 2906.68

and time distribution of mortality starling pulli, the mean size of a brood (Gro-
MADZKI in press b) and the cumulant of the daily food requirement of pulli
during their development (WESTERTERP 1973).

Adult birds. So far the value of the food requirement of adult starlings
has not been experimentally estimated. It has been theoretically estimated by
caleulating the daily energy budget — DEB (KENDEIGH, DOLNIK, GAVRILOV

1977) (increased during the Iﬁ%at}fr% iﬂeg(l)’(é IF)))( the energy requirement of



476 M. Gromadzki 10

preparation for migration) with the coefficient of food assimilation taken into
consideration.

DEB and the estimation of total food requirement

The daily energy budget (DEB) comprises the total existence energy
and costs energy demanding activities, including the costs of breeding and
moult, but without the energy expense of migration (KENDEIGH, DOLNIK,
GAVRILOV 1977). Assuming that the dependence of DEB on the body weight
of a bird is the same the dependence of the existence metabolism (KENDEIGH
1969, 1970), KENDEIGH, DoLNIK and GAVRILOV (1977) have presented equa-
tions which make it possible to caleculate DEB values of a bird of a given body
weight (W) at a given ambient temperature. The equations have been given
separately for the breeding and moulting period and the other parts of the year.

For Passeriformes they are as follows:
the breeding and moulting periods

ambient temp. 30°C DEB = 1.647 W0-621

ambient temp. 0°C DEB = 5.755 W¢-530
the remaining part of the year

ambient temp. 30°C DEB = 1.682 Wo-62

ambient temp. 0°C DEB = 4.641 W?0-530

Temperatures used in the calculations are means of monthly temperatures
over many years in Nowy Dwor Gdanski (KwWIECIEN, TARANOWSKA 1974);
weights are mean monthly weight of starlings caught in Zulawy (Gromadzki,
mat. unpubl.). In the post-breeding period, the mean of the weight of adults
plus young birds has been accepted as the mean weight of a starling; this has
been based on the assumption that the ratio of adult to young birds is the same
in the population studied.

In calculating the total food requirement it has been accepted that the
coefficient of food assimilation has a constant value of 0.75. This value is in
the centre of the range of values of the coefficient recorded so far in different
birds kept on different diets and at different ambient temperatures (WEINER,
GLOWACIKNSKI 1975; KENDEIGH, DOLNIK, GAVRILOV 1977).

The calculated values of DEB and the total food requirement together
with the initial values of temperature and body weight have been presented
in Table 3.

Estimation of the energy requirements for preparation
for migration

Migratory movements of passerine birds are characterized by periods of
intensive migration separated by periods of less intensive migration or of no
migration. This feature of nn%llatmn is connected with the energy economy of
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11 Food requirement and effect of Starling 477

Table 3. DEB and the daily food requirement of a starling of the average body weight (W)
in particular months

! Month t°C Body weight (W)‘ DEB ’ Food requirement
(1) (2) (2) (keal) | (Keal) (3) "1
111 0.7 f 78 I Tadligd ) 61.6
v 55 | TR TR W e T S

V|- 132 | 78 I 455 | AR
VI 15.2 | GRunSee Bl Pve g o SBY VR

VIl 18.0 | 73 [ 808wk 49.1
ViER) | 350w (i) Ay BT o [ 8.0 {.__-_ 52.0 li
IX 129 | 8l T 51.1 4
| X 8.6 | 85 | dvazsil 56.7 |

1) caleulated by multiplying DEB by a conversion factor, with 75 % food assimilation taken into account,

birds (BLyuMENTAL’et al. 1967) which, during the intervals, replenish their
fat deposits for further migration.

While estimating the total food requirement of a population of birds during
migration, the food requirement calculated on the basis of DEB must be incre-
ased by the daily expense of accumulating storage reserves (fat) for further
migration.

Table 4. Estimate of energy requirements of preparation for migration

| Month (1)
[II-IV | IX X
Keal/g/km?) I 0.00223 | 0.00221 | 0.00219
Assumed length of one stage 200 200 200 N
of migration (2)
‘Average body weight (g) (3) | 78 | 81 Jea BB n.
okl enaxgy Koal 348 | 358 | 372
expense of one stage —
of migration (4) g of fat?) | 8.70 8.95 9.31
Expense of building up 9 R ST |
fat reserves (Kecal)?) (5) 52.2 53.7 55.8
Food requirement connected |
with the building up of fat 69.6 71.6 74.5
reserves?) (Keal) necessery for (6)
covering one stage of migration
) Calculated on the basis of the equation log Kecal/g/km = —2.2221 ~0.227 log W (Tucker 1971,

according to KENDEIGH, DOLNIK, GAVRILOV 1977).

%) With the assumption that the catabolism of 1g of fat provides 4.0 Kcal (KeNpEIGH, DOLNIK,
GAVRILOV 1977).

3) The anabolism of 1g of fat requires 6 Kecal (KENDEIGH, DOLNIK, GAVRILOV 1977).

¢) The coefficient of food assimilation ==
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478 M. Gromadzki 12

With the equation given by Tucker (1971, according to KENDEIGH,
Dornik, GAVRILOV 1977) it is possible to estimate the expense of a flight of
a bird of a particular body weight over a particular distance. Table 4 presents
the results of calculations in which the mean starlings body weight in a given
month has been used as the weight and where it has been assumed that star-
lings cover a distance of 200 km at a time and therefore before resuming their
migration they must, through intensive feeding, accumulate an amount of fat
sufficient for the next stage. The length of time (in days) necessary for accumu-
lating an adequate reserve still remains an unknown value. For the calculations
it has been taken to be 2 days during the spring migration and 3 days during
the autumn one. Starlings breeding in or migrating through Zulawy fly to Bri-
tish Islands or northern France in autumn — a distance of about 1200 km;
in spring, starlings passing through this area may continue NE as for as the
region of the Onega Lake, a distance of about 1300 km (GrROMADZKI, KANIA
1976). Accepting two-and three-day periods of accumulating fat reserves means
that the autumn migration of one bird would last for about 3 weeks and the
spring one for about 2 weeks, which is quite possible.

The second value which must be estimated is the number of birds actually
preparing for migration. It has been accepted that during the spring passage
it is the same as density estimated for particular ten-day periods minus the
density of a breeding population. During the autumn migration when practically
all starlings leave Zulawy it has been accepted that starling from mid-Septem-
ber, which is the beginning of intensive migration (GrRoMADZKI, KANIA 1976),
all birds are preparing for migration. The energy expense of the summer migra-
tion has not been taken into consideration.

Food requirement of the total population

Multiplication of density values by the value of individual food require-
ment in particular ten-day periods gives the food requirement of the population
present in Zulawy in a particular ten-day period (Table 5) expressed in the form
keal /km?/day. The total amount of energy consumed by a population in a gi-
ven ten-day period may be calculated by multiplying the numbers given in
the Table by 10.

The food requirement of the population is highest during the autumn mi-
gration (Table 6), which is to be expected from the high numbers of starlings
present at that period. However, most astonishing is the minimal share of the
breeding season in the total amount of energy used, since this period is often
treated as the basis for an estimate of the role of birds in an ecosystem. A whole
breeding population takes, throughout the period it stays in its breeding ground,
only about 7 9 of the total amount of energy collected by starlings from that
area. These data indicate that in future studies on the effect of birds on agricul-
ture or in natural systems it will be necessary to include in the studies the whole
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Table 5. Food requirement of a starling population in consecutive ten-day periods of the

growing season

D;:zl;iif;?d Exp?]se ;)f prc?- :]xp;mso oftthfo Totaltfo:d requi-
. aration i1or mai- evelopment o rement of a po-
Tcu-dagé'l )penods (11221;:/ pgr'ati(?n (Keal/ | pulli (lpicul/nest/ pulati (Kcal/lixmz
indiv.) indiv./day) day) [day)
) (3) ) (5)
22.03-31.03 61.6 34.8 = 12626
1.04-10.04 69.1 34.8 = 30547
11.04-20.04 69.1 3487 11 = 13468
21.04-30.04 69.1 34.8 = 5675
1.05-10.05 60.7 a = 1517
11.05-20.05 60.7 = 114.9 2063
21.05-30.05 60.7 . 175.7 3725
31.05-9.60 51.1 i I a2 Ty g 2811
10.06-19.06 | 51.1 - o 5621
20.06-29.06 A o ™ L = 11549
30.06-9.07 dAG I et 2= = S = 9476
10.07-19.07 49.1 = = 19836
20.07-29.07 49.1 I a8 = 13061
30.07-8.08 52.0 = Ml s 10972
9.08-18.08 52.0 - = | 14me
19.08-28.08 52.0 i, = 18408
29.08-7.09 Bk = = 23046
8.09-17.09 51.1 e = 27798
18.09-27.09 Gl b 23.9 e 77860
28.09-7.10 56.7 24.8 = 116952
8.10-17.10 56.7 24.8 1| = 40098
18.10-27.10 56.7 24.8 = 64630

period when a species stays in a given area with particular regard to the period
of migrations and regardless of any methodological and technical difficulties.

FEEDING HABITATS AND AGRICULTURAL SIGNIFICANCE

Studies on the feeding intensity of starlings in different habitats have
been carried out in the Zulawy Wislane (GROMADZKI in press a).

Starling feed in all types of land habitats, utilizing them to a different de-
gree in different seasons (GRoMADZKI 1969, in press a). The degree of utilization
of a given habitat is influenced not only by its own attractiveness, but also
by the accessibility and attractiveness of other feeding places at that time.
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Table 6. Food requirement of a starling population in
consecutive periods of the biological eycle

Food requirement
i Period (1) | throughout the period
SAlled L
j ]\( ll/lmr- | %
Spnng lmgmtmn (3) | 656410 | 12.2
Bre edmg season '(4) |7 138800 | 2.6
Pt;gl;‘;édmg nomadic life 84 320 | 1.6 |
(5) | |
‘ “Summer mlgratlon (6) f 539 220 | 10.1 i
Moult pen;d_(’ﬁi 0 | 671420 12,5 |
Autumn ungrutmu n (8) | 3273280 61.0 |
Total  (9) | 5363450 | 100.0
‘Br u,d?n} ;0[)1—11;;( ion ‘ X TS }
| throughout the period ‘
it remained in the area 352 810 6.6
(10) : | '

Starlings prefer feeding in areas without vegetation or covered with low vege-
tation, but they also feed in habitats covered with tall vegetation if its den-
sity is not too great. Therefore, in Zulawy starlings feed in corn, poppy and
caraway walking between rows of plants. Possibly the sight of starlings sitting
in a crop makes some farmers think them destructive, but this opinion has
been proved true during the investigations (GROMADZKI in press a).

The plant food of starlings includes seeds of cultivated plants, mainly
corn (GRoMADZKI 1969), but this fact alone does not prove that starlings are
destructive (the situation is similar in the case of other species, e.g. the
rook — GROMADZKA in press) because grain is often collected in a form
in which it cannot be used by man (e.g. corn scattered on a stubble field, on
roads, among straw, in manure). For feeding to be proved destructive it must
be shown that large amounts of seed-grain or crop are taken before harvesting.
However, even then the case is not proven because, as has been shown by DYERr
(1975), plants damaged by birds may, as a result of compensation growth,
give a greater and more valuable crop than plants on which birds have not fed
(the case decribed by DYER referred to a different bird species, but neverthe-
less, his paper is a clear warning against a one-sided interpretation of different
biological phenomena).

As previously mentioned, starlings have not been recorded pecking out
grain from standing plants; pecking grain out of ears of corn put in stacks
has been recorded sporadically (GROMADZKI in press a) but this is of no economie
importance. However, starlings have been recorded feeding in newly-sown and
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sprouting corn. In the latter case it was found that starlings walking along
a row of sprouting corn pulled out the young plants and ate the swollen grains.
The feeding intensity of starlings in newly-sown crops and the estimated amount
of seed-grain consumed have been presented in Table 7. Since the area of crop
cultivation in Zulawy is about 30 9 of the whole area (LASKOWSKI 1974),
the total consumption of seed-grain from 1 ha from April to October is 3.9 kg.
The values presented in Table 7 are undoubtedly overstated since they have
been calculated on the assumption that starlings, feeding in newly-sown and
sprouting corn eat only grains. In fact they eat invertebrates at the same time.
For instance, in the second ten-day period of May, for which the value of grain
consumption has been estimated as 0.8 kg/km?* (Table 7), starlings intensively
feed their young and no corn has been recorded in the food of pulli in Zulawy
(GroMADZKA, GrROMADZKI 1978). However, ignoring the fact that the totals
are an over- estimate and accepting the result of caleulations as the true extent
of the consumption of seed-grain it is still possible to state that this consumption
is of no agricultural significance since it constitutes only about 2 9%, of the amount
of seed-grain sown in 1 ha.

It is more difficult to estimate the usefulness of starlings as pre-
dators on pest species of invertebrates which occur in crops. The amount
of invertebrates removed from a unit of the area of a crop has been estimated
for grassland only because it has been possible to assume that in this habitat
starlings eat animal food only. In order to simplify the calculations it has
been assumed that this food consists entirely of insects. According to the results
of the calculations a starling population eats, through its annual cycle, 52 kg
of insects from 1 ha of grassland (Table 8).

The above data show that a starling population does not cause any eco-
nomically significant damages in agriculture in the Zulawy Wiglane, but, thanks
to its large consumption of invertebrates among which are many pest insects
(GROMADZKT 1969; GROMADZKA, GROMADZKI 1978), it may contribute to the
reduction in density of a pest population and therefore to an increase in crops.

DISCUSSION

The accuracy of results of an estimate of the food requirement of a star-
ling population, based on one or other model, depends on two factors. On the
one hand, it depends on the correctness of the construction of the model and,
on the other, on the kind and accuracy of numerical data which characterize
the studied population and its habitat and which are used as initial data for
an analysis (Wriens, INNis 1974). At the present moment, for most animal
species there are no basic initial data or they are so inaccurate that construc-

ting more precise and complics models 1\ 1m ssible (Lmvins 1966, accor-
e P IAER Org



Table 7. Feeding intensity of starlings feeding in newly sown seed-grain and in sprouting corn and the amount of seed-grain consumed

Period of spring sowing Period of aftercrop Period of autumn sowing
(1) sowing (2) (3) Total
4
Ten-day periods (5) 1— (11— 21— | 1— [11— [20— [30.06— [10— [18— [28.09— | 8— (18— )
10.04 120.04 [30.04 (10.05 20.05 29.06 | 9.07 19.07 (27.09 | 7.10 17.10 (27.10
Percentage of all feeding 33 22 3 8 1 6 1 11 1 6 8 —
birds (6)
Grain consumption 1’
kg/km?/period (7) 43.4 9.9 0.6 0.2 0.8 0.4 1.9 0.7 | 28.5 3.9 8.0 | 17.2 | 115.2
!) calculated with the assumption that the calorific equivalent of 1 g of dry mass = 4,3 and the water
contents in wet mass of grain = 30 %.
Table 8. Consumption of insects by a starling population in grassland
Period
Consumption Spring Breeding Post-breeding Summer Moulting Autumn Total
(1) migration (3) nomadic life migration (6) migration (8)
(2) (4) (5) (7)
Keal/period /km? of 282 915 75 226 74 729 333 736 320 140 716 655 1803 401
the whole area (9) _
g of wet mass/period/km? 171 463 45 592 45 290 202 262 194 022 434 332 1 092 961
of the whole area') (10)
g of wet mass/ha/period?) 8 165 2171 2 157 9 632 9 239 20 682 52 046
(11)
g of wet mass/m?/period (12) 0.82 0.22 0.22 0.96 0.92 2.07 5.20

1) calculated with the assumption that the calorific equivalent of 1 g of dry mass of insects = 5.5 (KALE

1965), and the water contents in wet mass of the insects = 70 %.
%) area of grassland in the Zulawy Wislane = about 21 % of the whole area (LASKOWSKI 1974).
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ding to Wiens, INNIs 1974). Using the analysis of the sensitivity of a simula-
tion model of the energy flow in a population WienNs and INNIs (1974) have
demonstrated that those parameters which have the greatest influence on the
accuracy of obtained results are population density and the coefficient of
food assimilation. Their analysis has also revealed that parameters connected
with breeding have a very small influence on the general result of an analysis.
The results presented in this paper are an experimental corroboration of this
statement. On the basis of these results it is possible to conclude that, in some
situations, even a complete omission of the breeding population in an analysis
would not change the general result. This is made clear by bearing in mind that
the substantial proportion of energy flow is influenced first by the number of
individuals and the length of their stay and not by the intensity of biological
processes (e.g. growth) because the basic energetistic need of birds (KENDEIGH,
Donnig, GAVRILOV 1977) is not to breed, but to maintain a high body tempe-
rature. /

In the present study an estimate has been made of the impact of starlings
on crops in the Zulawy Wiflane and it has been shown that their eating seed-
grain is of no economic significance. The above conclusion may be considered
true for the whole country because the density of the starling in Zulawy is
probably higher than in other parts of Poland. However, damages in orchar-
ding have not been included here because they are a completely different pro-
blem.

Hitherto estimates of the effect of starlings on agricultural ecosystems
limited in their time range to the breeding season, have led their authors to a con-
clusion that starlings have no or only a minimal influence on the abundance
of insects they feed on. KLULIVER (1933, 1938) has estimated that starling pulli
eat, throughout their development, 0.03 % of an earth-worm population and
about 19, of a population of Tipula sp. larvae. DUNNET (1955) has estimated
the value of the food of starling pulli to be 1-7 % of a population of Tipula
sp. larvae. Boguckr (1977) has estimated that, in the area of his study, a
breeding population of the starling eats about 0.12 % of an earth—worm population
and about 1.5 9% of a Colorado beetle population.

At the same time these and other authors have recorded instances when
starlings destroyed centres of mass occurence of insects, both in forests and
in open areas (KLULJEV 1938; WEINZIERL 1961; BuLn 1973) which prevented
the vegetation of a given area from being destroyed.

The above facts belong to two opposing groups. One comprises data collected
by means of experimental-analytic methods and they seem to indicate that
starlings have no influence on the abundance of insects constituting their
food. The other group consists of data from frequently accidental observations
and they indicate something completely different. A similar divergence of
opinion is found in relation to other bird species, both when considering them
separately or in complexes inhabiting particular habitats (MCLELAN 1958;
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G1BB 1960 ; TINBERGEN 1960 ; KAMM 1973 ; WIENS 1973 ; HOLMES, STRUGES 1974 ;
WieNs, NUSSBAUM 1975; WIENS, ScoTr 1975 ; BENGTSON et al. 1976).

However, the above-mentioned divergence of facts is an apparent one
and it is a result of the methods used in investigating the impact of birds on
the abundance of their prey. Examples recorded of the reduction of inverte-
brate populations by birds illustrate what birds can do in this respect; These
possibilities may be realized when two basic conditions are satisfied: a high
density of birds in a given place and at a given time and their attention being
fixed on a particular kind of prey. It would seem that in nature these conditions
occur far more frequently than is reflected in results of investigations. Birds
base their food selectivity on a “profitability” principle (RovAMA 1970), they
concentrate in places of mass occurrence of insects (EJGeLis 1961) — the in-
vestigation models used do not usually include this phenomenon because of
methodological difficulties connected with it. Secondly, due to difficulties con-
nected with an estimate of the abundance of birds during the non-breeding pe-
riod, most of the analyses have till now concerned the breeding season only.
Apart from this, again due to methodological difficulties such estimates have
considered only a part of a population, usually without the population reserve
and the non-breeding group of immature birds.

Estimates for periods longer than the breeding season which have been
carried out by means of elimination models (e.g. the model of WiBNs, INNIS 1974)
have also been based on an estimate of the abundance of birds during the bree-
ding season. Estimates for the whole year carried out by means of dynamic models
are usually based on population counts done at long time intervals (e.g. WEINER,
GLOWACINSKI 1975) — usually month or two-week intervals. Such intervals
are too long for observing changes in bird abundance caused by the waves
of migrants passing a given area.

The resources of a given area are not accesible to a population to the same
degree throughout the year and therefore only a small percentage of these
resources may be utilized under natural conditions (REMMERT 1973). An incre-
ase in the ecological efficiency may be obtained by supplementing reserves
of resources in unfavourable seasons through an import of these resources from
other habitats or areas, which is a common practice in stock-breeding. An import
of resources may be substituted by a translocation of consumers which is a fre-
quent mechanism in wild nature. Migrations of animals are such a mechanism.
Birds, as a group of animals, have brought this mechanism to perfection and
it may be expected that advantages resulting from migrations, an increase
in the ecological efficiency among others are particularly high in this group
of animals. If periods of migrations are still omitted while estimating the signi-
ficance of birds, only the margins of the studied phenomenon will be investi-
gated. The 6.6 % of the share of the breeding population in the total amount
of energy consumed by a given species in a given area throughout the year
are a plain proof of this.
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CONCLUSIONS

1. The food requirement of a starling population during the whole period
of its staying in Zulawy is 5363 450 Kcal/km?.

2. 2.6 9, of the energy taken by starlings from this area is for the breed-
ing season whereas throughout the period a breeding population stays in
the area it takes only 6.6 9, of the total energy removed by the whole popula-
tion from this area.

3. 73% of the energy taken by starlings in Zulawy is for the periods of
spring and summer migrations.

4. In Zulawy a starling population does not causy any economically signi-
ficant damages in agriculture and, to a considerable degree, it contributes
to the reduction of the abundance of pest populations. Since the density of
starlings in Zulawy Widlane is probably higher than in other parts of Poland,
this conclusion may be considered true for the whole country. Damages in
orcharding, being an enfirely different problem, are not included here.
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Stacja Ornitologiczna IZ PAN,
80-680 Gdarisk 40, Poland

STRESZCZENIE

[Zapotrzebowanie pokarmowe oraz rola szpaka, Sturnus vulgaris L. w gospodar-
ce rolnej na Zulawach Wi§lanych]

Celem pracy jest préba oceny zapotrzebowania pokarmowego populacji
szpaka na Zulawach Wislanych oraz roli jakg gatunek ten odgrywa w gospo-
darce rolnej tego terenu. Jednocze$nie jest ona podsumowaniem wynikéw ba-
dan prowadzonych nad szpakiem na Zulawach w latach 1971-1974, w ramach
zespolu problemowego PAN , Rola ptakéw w agrocenozach”.

Dokladne opisy stosowanych metod zbierania i opracowywania materiatu
zostaly podane w innych publikacjach; w niniejszej ograniczono sie do podania
informacji ogélnych oraz sposobu dokonania obliczen, stanowigcych zasadniczg
czesé tej pracy.

Oykl biologiczny populacji szpaka na Zulawach podzielono na szeé
okreséw: wedrowki wiosennej, rozrodu, koczowania polegowego, wedréwki
letniej, pierzenia i wedréwki jesiennej. Zmiany liczebnoSci szpakéw w ciggu
calego cyklu rozpatrywano stosujac tzw. model dynamiczny, oparty na prze-
prowadzanych w okreflonych odstepach czasu ocenach stanéw liczebnofci.
Model ten, w przeciwienstwie do tzw. modelun eliminacyjnego, ktérego zastoso-
wanie ograniczone jest praktycznie tylko do populacji legowych, pozwala na
ocene dynamiki liczebnosci wedrownych gatunkéw ptakéw na okreslonym
terenie.

Dynamike liczebno$ci szpakéw przedstawiono w postaci zmian liezby pta-
kéw spotykanych na odeinku 1 km. Zakladajac, ze wykrywalno$é szpakéw jest
taka sama w ciagu calego okresu wegetacyjnego, za “1” przyjeto liczbe ptakéw
spotkanych w okresie karmienia mlodych i odnoszac do niej liczby ptakéw obser-
wowanych w innych okresach, obliczono dla nich wspélezynniki zageszcezenia.
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Wspélezynniki te, pomnozone przez wielko$é zageszezenia z okresu legowego,
pozwolity na ocene zageszczenia w ciagu calego okresu wegetacyjnego.

Zapotrzebowanie pokarmowe pisklgt oceniono w oparciu o dane expery-
mentalne, natomiast wielko§é zapotrzebowania pokarmowego ptakéw dorostych
oszacowano droga obliczenia dziennych budzetéw energetycznych (DEB),
w okresach wedréwki zwiekszonych o przypuszezalny energetyezny koszt
przygotowan do wedréwki, z uwzglednieniem wspoélezynnika przyswajalnosei
pokarmu.

Zapotrzebowanie pokarmowe populacji szpakéw jest najwieksze w okresie
jesiennej wedréwki; lgcznie, w okresach wedréwek, szpaki zjadaja 73 9, ogédtu
pokarmu pobieranego przez ten gatunek na badanym terenie. Udzial okresu
legowego, jak réwniez populacji legowej przez caly okres przebywania jej na
badanym obszarze sg tu znikome (odpowiednio 2.6 % i 6.6 %). Dane te wska-
zZuja, ze badania nad rola ptakéw jako konsumentéw powinny obejmowad
caly okres przebywania danego gatunku na badanym terenie i nie moga byé
ograniczane do okresu legowego jak to czesto ma miejsce. Niewlasciwe jest takze
pomijanie populacji przelotnych i koncentrowanie uwagi na populacji legowej.

Oceniono ilo§é ziarna siewnego zjadanego przez szpaki z powierzchni 1 ha
upraw zbozowych oraz ilo§¢ owadéw zjadanych przez te ptaki z powierzchni
1 ha uzytkéw zielonych. W konkluzji stwierdzono, ze populacja szpaka na Zu-
lawach nie wyrzadza rolnictwu szkéd istotnych ekonomicznie, natomiast dzieki
zjadaniu duzej ilo$ci bezkregowedéw w tym wielu owadéw uznanych za szkod-
niki, moze w znaeznym stopniu przyczyniaé sie¢ do poprawienia zdrowotnosci
upraw, a tym samym do zwiekszenia plonéw.

Objadnienia do tabel i wykresu:

Tabela 1. Zageszezenie szpakéw w kolejnych dekadach okresu wegetacyjnego. (1) —
dekady; (2) — osobnikéw/km trasy; (3) — wspélezynnik zageszezenia; (4) — zageszczenie
osobnikéw/km?; 1) przyjeto, ze zageszezenie jest réwne zageszezeniu w dekadzie 11.05-20.05.

Tabela 2. Zapotrzebowanie pokarmowe legu szpaka (X liczebnosé 3.53 pisklat/gniazdo)
W okresie 20 dni przebywania w gniezdzie (kcal/leg) z uwzglednieniem pisklat, ktére zginely
W czasie rozwoju. (1) — okres; (2) — razem; (3) — piskleta przezywajace srednio.

Tabela 3. Dzienny budzet energetyczny (DEB) oraz dzienne zapotrzebowame pokarmo-
we szpaka o fredniej masie ciala (W), w poszezegélnych miesigcach roku. (1) — miesige;
(2) — masa ciala; (3) — zapotrzebowanie pokarmowe; ') obliczono przez pomnozenie DEB
przez przelicznik uwzgledniajacy 759% przyswajalno$ei pokarmu.

Tabela 4. Ocena energetycznych kosztéw przygotowan do wedréwki. (1) — miesiae;
(2) — zaloZzona dlugodé etapu wedréwki; (3) — drednia masa ciala; (4) — ogélny koszt
energetyczny etapu wedréwki; (5) — koszt wytworzenia rezerw tluszezowych; (6) — zapo-
trzebowanie pokarmowe zwigzane z wytworzeniem rezerw tluszezowych potrzebnych do po-
konania etapu wedréwki; 1) obliczony na podstawic réwnania log keal/g/km = —2.2221
-0.227 log W; *) przy zaloZeniu, ze katabolizm 1 g tluszezu dostarcza 4.0 keal; ?) anabolizm
1 g thuszezu wymaga 6 keal; ¢) wspélezynnik asymilacji pokarmu = 75 %.

Tabela 5. Zapotrzebowanie pokarmowe populacji szpaka w kolejnych dekadach okresu
wegetacyjnego. (1) — dekady; (2) — dzienne zapotrzebowanie pokarmowe keal/osobnika;
(3) — koszt przygotowania do wedréwki kcal/osobnika/dzieri; (4) — koszt rozwoju pisklat
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keal/gniazdo/dzien; (5) — sumaryczne zapotrzebowanie pokarmowe populacji keal/km?2/
dzien.

Tabela 6. Zapotrzebowanie pokarmowe populacji szpaka w kolejnych okresach cyklu
biologicznego. (1) — okres; (2) — zapotrzebowanie pokarmowe w calym okresie; (3) — we-
dréwka wiosenna; (4) — okres legowy; (5) — koczowanie polegowe; (6) — wedréwka
letnia; (7) — okres pierzenia; (8) — wedréwka jesienna; (9) — razem; (10) — populacja
legowa przez caly okres przebywania na badanym terenie.

Tabela 7. Intensywnoséé zerowania szpakéw na zasiewach i wschodach zb6z oraz ilogé
zjadanego ziarna siewnego. (1) — okres siewéw wiosennych; (2) — okres siewu poplon6w;
(3) — okres siew6w jesiennych; (4) — razem; (5) — dekady; (6) — 9% ogéhu zerujgeych pta-
koéw; (7) — konsumpeja ziarna km?2/kg/okres; ) obliczono przy zalozeniu, ze ekwiwalent
kaloryczny 1 g suchej masy ziarna = 4.3, za$ zawartodé wody w $wiezej masie ziarna = 30 %.

Tabela 8. Konsumpcja owadéw przez populacje szpaka na uzytkach zielonych. (1) —
konsumpeja owadéw na uzytkach zielonych; (2) — wedréwka wiosenna; (3) — okres lego-
wy; (4) — koczowanie polegowe; (5) — wedréwka letnia; (6) — okres pierzenia; (7) — wed-
réwka jesienna; (8) — razem; (9) — keal/okres/km? ogélnej powierzehni; (10) — g $wiezej
masy /okres/km? ogélnej powierzchni; (11) — g $wiezej masy/ha/okres; (12) — g $wiezej
masy/m?/okres; ') obliczono przy zalozenin, ze ekwiwalent kaloryezny 1 g suchej masy ciata
owadéw = 5.5, zas zawartosé wody w Swiezej masie ciala = 70%; ?) areal uzytkéw zielo-
nych na Zulawach Wilanych = ca 219 ogbtu powierzchni.

Wykres 1. Dynamika liczebnodci szpaka na Zulawach Wiglanych przedstawiona w opar-

ciu 0 model eliminacyjny i model dynamiczny.

PE3IOME

[3arnaeue: IlumieBass moTpeGHOCTH M POJIb CKBOpLA, Sturnus vulgaris L. B ceabckoM
xo3siicTBe Ha Bucimuckux JKynapax]

Ilenpio pabGoThl sABASETCS NONBITKA OUEHKM IMINEBOM INOTPEOHOCTH IONYJISIHK
ckBopua Ha Bucimuckmx 2Kynasax ¥ pojiy 9THIO BUJAQ, KOTOPYIO OH MIDAeT B CEJbCKOM
X03siifcTBe paccMaTpuBaeMoro permosa. OfHOBpeMEHHO B HacTosIueit paboTe I0/BO-
JIUTCSL HTOT HMCCIeAOBAaHUM, NPOBOAMMBIX IO CKBOpHy Ha Bucimnckux Xynasax B 1971-
1974 ropax B pamkax npo6iemuod rpymnel ITAH ,,Pons ntun B arpomenosax”.

IloppobHoe omucanue MPHMEHEHHBIX MeTON0B cbopa u 06paboTku MaTepuaia 6bUI0
TIPMBEICHO B MHBIX IMyOJIMKaIMsX; B HACTOSILUEH aBTOP OrpaHHYMBAETCS TOJBKO JO Mpei-
cTaBJieHus o61MX nHpopManuii ¥ croco6oB, NPH MOMOLIM KOTOPHIX IPOK3BEJ PACCYETHI,
COCTaBJISIIOLINE OCHOBHYIO 4acTh paboThL

Buosnornuecknif DWKJI MONYyJAluu CkBopna ¢ Bucnmuckux XKynap 6bul mojeleH Ha
LLIeCTh NMEPHOJOB: BECEHHSS MUIDALUsl, PA3MHOXKEHHe, TIOCIIErHe30Basi KOUeBKa, JIeTHIS
MHUTpanys, JIMHbKA M OCEHHsST Murpauus. VI3sMeHenyie UMCIEHHOCTH CKBOPLOB HAa IIPO-
TSOKEHHH BCEro IHKJIA PaccMaTpUBaJIOCh NPH IIOCPEJCTBE TaK Ha3bIBAEMOM JMHAMM-
YyecKo¥ MOJIeJI, OCHOBAHHOM Ha OIIEHKE COCTOSIHMS YHCIIEHHOCTH, IIPOU3BOAMMOM ¢ onpe-
JIEJICHHBIMU IIPOMEXYTKAMH BpPEMEHH. DTa MOAENb, B IPOTHBOIOJIOXHOCTL TaK Ha3bl-
BaeMOM 3IMMHHHDPYIOIIEH MOJes, KOTOpas MOXeT ObITh TpPUMEHEHa IPAKTHYECKH
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TOJNBKO K THE3ZOBBIM HOMYJSIMSM, ITO3BOJISET OUEHHTH JAMHAMHKY YHCICHHOCTH MU-
IPUPYIOLIMX BHIOB NTHI, HA ONPEAEJEHHBIX HPOCTPAHCTBAX.

JluHamMuKa YHCIEHHOCTH CKBOPI@ TNpeJACTaBJieHa B BHJC M3MEHEHMH uuWCia IITHII,
BCTpeyaroiuxesi Ha orpeske 1 xm. Mcxojs u3 nmpuHIMna, 4to obHapykeHHE CKBOPLOB
HEe MEHseTCS Ha TPOTSKCHUM BCETO BEreTAMOHHOTO Tepuoja, 3a ,,1” Obuia npuasTa
YUCJICHHOCTh CKBOPIIOB, BCTPEUAOIINXCS B IEPHOJ BBIKApMIMBaHHS NTenuoB. K 3Toit
HCXOMHOI BesuyuHe ObLIa OTHECEHA YHMCIEHHOCTHh NTHI[, HAOJNIONAeMBIX B JIPyrux me-
puojax, ¥ TakuM oOpa3’soM BBICUMTAHBI KOIDOHINEHTHI NIOTHOCTH.

IMuiieBast nOTPEOHOCTH NTEHIOB OIEHWBANACH HA OCHOBAHWM SKCIEPHMEHTAJILHBIX
JAHHBIX, Y B3POCJBIX K¢ NTHIL MALIeBas NOTPeOHOCTH ONMpeAesiach NyTeM HCYHCIICHWUS
JIHEBHOTO 3HepreTuueckoro 6rozpkera (DEB), KOTOpBIf B Mepuoj MHTpaluy, BHAHMO,
MOBBIIIACTCS HA BEJMYMHY TOArOTOBKM K MHIPALMH, C YYeTOM TIOKA3aTessl YCBOCHWS
KOpMa.

Camasi BbICOKasi THUILEBas MOTPeOHOCTH TOMYJIAIMM cKBOpHA HabarogaeTcs B Mepuoi
OCeHHEM MWrpanuu; B OOHIEM HA TPOTIKEHHH NEPUOJOB MUTPALMU CKBOPLBLI CheJAIOT
739, Bcero moTpebisieMOro THM BHJOM HA MCCJIeAYeMOM TeppuTHpMM KopMma. Yacts,
IIPUTIA/IAX0IAS HA THE30BOM TIEPHO/I, @ TAKXKe HA THE3/I0BYIO TONYJISIHIO 32 BECh TIEPHOL
ee npebObIBaHMs HA WCCIEyeMOU TEPPUTOPHH BeChMa HE3HAYUTENIBHA (COOTBETCTBEHHO
2.69% wu 6.6%). DTH JaHHble yKa3pBalOT HA TO, 4TO WCCJEAOBAHMS IO POJW TTHI[ KaK
noTpeduTeNe JAOJKHBI OXBATHIBATE BECh TEPUOJ NPeOBIBAHMS JaHHOTO BHJA HA WCCIIE-
JlyeMo# TepPPHTOPHH ¥ He MOTYT GBITh OrpaHHYeHBl TOJBKO JO THE3/I0BOTO Mepuo/a,
Kak 310 yacto Geisaer. Heob6XoauMo Takke MPUHAMATH BO BHHMAHHE MPOJIETHBIE IOy~
JISIIAH, a4 He KOHIEHTPHPOBATHCS TOJIBKO HAa THE3MOBOM IOIYJISAINH.

OneHMBaIOCh KOJHYECTBO TOCEBHOTO 3epHa, CheJaeMOro ckBoplaMmu ¢ | ra moces-
HBIX THIOLIAAeH, W KOJMYECTBO HACEKOMBIX, CheJJaeMbIX TUMHU NTHOAMM ¢ 1 ra macTbuiu-
HBIX yroaui. Pe3ynbTaThl CBUAETENLCTBYIOT O TOM, YTO TONyJAnus ckBopua na JKyna-
BaxX HE TPHHOCHT CEJIbCKOMY XO3SMCTBY CYIIECTBEHHBIX SKOHOMMYeCKMX yOmiTKOB. Ha-
obopoT, 6rarofaps MOTPe6ICHUIO 3HAYUTENIHHOIO KOJHYeCTBa 6eCIIO3BOHOYHBIX, B TOM
YHCIIe MHOTOYHCIICHHBIX TPH3HAHBIX BPEAHBIMA HACEKOMBIX OHa MOXKET CHOCOOCTBOBATH
YIYYIIEHUIO COCTOSHMSA CeJIbCKOXO3SMUCTBEHHBIX Yroiui, a 3THM CaMbIM IOBBILEHUIO
HX YPOXaXHOCTH. i

Ilogmacu k Tabmumam wm rpaduxy:

Ta6maua 1. TIIOTHOCTE CKBOPLOB B OYEpE/HBIX JeKamax BeretatwBHOro mepmoza. (1) — mexausi;
(2) — ocobeii/xm mapmpyTa; (3) — koaddumment miaoTaocTH; (4) — mioTHOCTE 0cobeii/km?; 1) npursTo,
YTO IUIOTHOCTH paBHA IUIOTHOCTH B jaekaze 11.05-20.05.

Tabmuna 2. ITumesas noTpebHOCTH BRIBOAKA CKBOpHA (X umcennocTh 3.53 nTeHua/rues3no) na mpo-
Taxenun 20 aHel npeGeiBanus B rHe3e (KKas/BBLIBOZOK) C YUETOM ITEHLOB, MOrHOMMX B nMepHOA pas-
patus. (1) — wepuon; (2) — Bcero; (3) — nreHuBl MPOKHBIIAE B CPEIHEM.

Tabmua 3. AueBHoit axepreTnyeckuit G6romker (DEB) w jaueBHas mumenas noTpebHOCTH CKBOpLA
co cpeuuM Becom tena (W) mo oraensasmv mecauam roza. (1) — mecai; (2) — Bec Tena; (3) — nuuiesas
noTpeGHOCTh; ') BhICUMTAHHAS NMyTeM ymuoxenusi DEB Ha YCIIOBHYIO €IMHHMIY, YYMTBHIBAIOILYIO YCBO-
enne mumm B 75%.

Tabmmua 4. Ouenka 3HepreTHYeCKMX mnoTpebHOCTEl HA mOATOTOBKY K Murpammu. (1) — mecsau;
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(2) — npeanonaraeMas NpOJOJDKHTENBHOCTS Meprona Murpauun; (3) — cpeauuit Bec Tena; (4) — obmas
3ATPATA HEPTUM B NEepHOA Murpauum; (5) — pacxod 3Hepru Ha MOCTPOCHHE KHUPOBLIX 3amacos; (6) —
uiesas noTpeGHOCThb, CBA3AHHANA C TIOCTPOSHHEM XKHPOBBIX 3aNACOB, HEOOXOAMMBIX ISl TIPEOIONCHHS
J7ana MHIrpauuy; ') BBHICYHTAHHBIA HA OCHOBaHMM ypaBHeHMs log xkan/r/xm = — 2.2221-0.227 log W;
?) nipu npuHLMne, Yro xarabommsm 1 r xkupa maer 4.0 xxan; *) anabomism 1 r kupa Tpebyer 6 Kkan;
#) xoabdumment accummnsay nuum = 75%.

Tabnuua 5. IMumesas MOTPeGHOCTL NMONYJIALNY CKBOPLA 10 OYEPEAHBIM JEKaJaM BereTalHOHHOTO
neprosa. (1) — gexanst; (2) — gueBHast numieBas noTpebHOCTHs B Kkan/ocoOb; (3) — pacxox Ha HOA-
roToBKY K Murpaumu B Kkan/ocoOb/menb; (4) — pacxoj Ha pa3BHTHE ITEHUOB B KKAJ[rHE3IO0/neHb;
(5) — cymmapnasi numeBsas NOTPeOHOCTs MOMYJUSIIMM B KKaJ/KM?/1eHb.

Tabymua 6. ITuiuesas nOTPeGHOCTL MONYJIALMHE CKBOPLA B OYEPEIHBIX MEPHOAAX GHONOrHYECKOro
wakaa. (1) — neproa; (2) — numesas moTpebHOCTs 3a Bech nepuoj; (3) — Becewnsiss murpauus; (4) —
rue3ziopoit mepuon; (5) — mocnernesnosple koueBkH; (6) — netnas murpauus; (7) — nepuoa JMHbKH;
(8) — ocennss murpanus; (9) — Beero; (10) — ruezoBas monyNsUUs B TEYEHUE BCEro nepuoja npebbi-
BaHUS HA MCCIEAYEMOH TEPPHTODPHH.

Tabymua 7. IHreHCHBHOCTE KOPMEXKKH CKBOPIOB HA IOCEBAX M BCXOJAX 3/IaKOBBIX KYJIBTYP M KOJIH-
YECTBO MOENAEMOTro HMOCeBHOro 3epHa. (1) — mepHoz BeCeHHHX CEBOB; (2) — mepHOjl MOXHUBHBIX CEBOB;
(3) — nepuon ocennux cesoB; (4) — Bcero; (5) — nexans; (6) — % Beex xopmammxcs nrun; (7) — no-
TpebiieHue 3epHA B KM?/Kr/nepuoa; ') BHICYMTAHA, MCXOAS M3 NPHHIMNA, YTO KAJIOPHIHBIM SKBHBAJIEHT
1 r cyxoii Maccel 3epHa paBeH 4.3, a cojepKanie BOAbI B CBeXel macce 3epHa cocrasusier 30%.

Tabmmua 8. IMTorpebnenne momyssiuueil CKBOpLE@ HACeKOMBIX Ha macTOuimbr Xyrozusax. (1) — mo-
Tpebnenne HacexoMbIX Ha nacTOuinax; (2) — Becenussi murpauus; (3) — ruezaosoi mepuo; (4) — nocne-
rHe3/0Bbie KoueBKH; (5) — neruss murpauusi; (6) — mepuon nuubku; (7) — oceHusnt murpamus; (8) —
B obuiem; (9) — xxan/nmepuoa/km? Beeit nomanu; (10) — r cBexeit Macchi/meproa/kmM? Beel rutomany;
(11) — r cBexeit Maccsi/ra/nepuon; (12) — r cBexeit mMaccsr/mM?/nepnoa; ') BHICYHTAHO, MCXOIA B3 UPHH-
HHDA, YTO KAJOPHMIHBIH KBHBAJIGHT 1 I CyXOif MAacChl Tejia HACEKOMBIX paBeH 5,5, a cojepXaHHe BOIBI
B ceexeit Macce cocrasisier 70%; ?) miaomansk macTOHIMHBIX yroauit cocrasiser na JKynasax o0xoi0
21% obumeit mioniamu.

I'padux 1. Jusamuxa YHCACHHOCTH CKBOpl@ Ha Bucimucknx JKynasax, mpejcTaBjiicHHas HA OCHOBa-
HUM JHMHHHPYIOLIeH MOJE/M ¥ JUHAMHYECKOH Moues.
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