POLSKA AKADEMIA NAUK
INSTYTUT ZOOLOGII

J v dsite vt e % o S, W RES s o R v ey ol ol 0 o DAY, ¢

Tom XIX Warszawa, 31 VI 1983 Nr 8

Jozef WITKOWSKI

Population studies of the grey-lag goose Anser anser breeding in the Barycz
valley, Poland

Wirtkowskr J. 1983. Population studies of the grey-lag goose Anser anser breeding in the
Barycz valley, Poland. Acta orn. 19: 179-216.

This study was performed during the period 1972 to 1977. The goose population numbered
280-312 pairs. A similar number was reported before World War II and then after 1960.
Besween these dates there occurred a sudden drop (of approx. 75%) caused by a sharp in-
crease in the exploitation of geese by man. The population study was performed on 122-154
pairs of geese breeding in one of the fish-pond complexes. The geese nested exclusively on
ponds. The time of start of egg laying coincided with the disappearance of ice cover, which
could be explained in terms of antipredatory behaviour. The clutch size per breeding female
ranged from 2 to 10 (12?) eggs, the mean value in different seasons being 4.9 to 5.6 eggs.
No relationship was noted between mean clutch size and time of commencement of the nest-
ing period. The mean clutch size 8ecreased from 6.7 to 3.5 as the season passed. Almost all
of the clutches with more than 10 eggs were laid by two females. 44.2 9% of nests ended in
a failure. The main causes were predation by the hooded crow and abandonment of nests,
in similar proportions. Other causes accounted for only 0.9 %. In successful clutches the rate
of hatching success was 90.49,. Mortality of the young (till fledging) was 27.49%,. The mean
production of young per breeding pair in one season was 2 young. The ratio of actual to
potential production was 389%. This was sufficient to ensure stability of the goose popula-
tion.
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pUOA HACTYNHJIO PE3KOE€ CHUKCHHE YHUCICHHOCTH BCIECACTBUEC YPE3IMEPHOM HKCIIyaTalMu Tyceil 4ero-
BeKOM. [lonynsiguOHHBIMHU HCCIICHOBAHMAMH OBIJIM OXBavyeHbl I'YCH, HACEIAIOIIWE OIHH M3 KOMIUIEKCOB
pBIOHBIX NPYAOB, B KojguuecrBe 122-154 naper. I'ycw rHe3aMImMCh TOMBKO HaA npyaax. Havano kKjiajgox
OBLIO CBSA3AHO C UCYE3HOBEHUEM JICAAHOTO MOKPOBA, YTO SABJISETCS PE3yIbTATOM IPUCIIOCOOJIEHHIE NPOTHUB
XHAIMHUKOB. BejimyuHbl KIagKkd OT OaHOoM caMku coctaBasian 2—-10 smu (12?) nipu cpenseit Bemmunse 4,9-5.6
B pa3HBIX ce30Hax. He HaliIeHO 3aBHCHMOCTH MEXKAY BEJIMYMHOM CpeaHel KJIaAKi M CPOKOM Havajla THe3-
IIOBOrO nepmoja. B Teyenme ce30HA CpelHsisi BEIWYHMHA KJIAJIKA yMeHbInanachk ¢ 6,7 no 3,5 siiua. IToutn
BCE KJIaJIKH, Ipeppimaromme 10 aui, Npoucxoauid OT ABYX CaMOK. 44,29, THe3/1 NOIBEPrajoCh YHHUYTO-
XeHUI0. OCHOBHYIO POJIb HI'PAJI0 TYT XHIIHHYECTBO BOPOH M NOKHAaHWE THe3d. COoOTHOIIEHHE NOTeph,
BBI3BaHHOE 3TUMH AByMs (pakrtopamm, ObI10 MOYTH oamHaKOBOe. IToTepm mo ApYruM NpHYAHAM COCTa-
BUIH TOJbKO 0,99,. B yaauneIX xjaakax nreHus! Bputyruimsamachk U3 90,49% suu. CMepTHOCTh HENETHBIX
nTeHoB cocrapuia 27,49%,. ITpoaykuust MOJIOJIBIX JIETHBIX TITHUI COCTaBHJIA B CpeaHeM 2 ocobu Ha nmapy
B TeuyeHMe ce30Ha. IloTeHnmanbHass NpoaykKums Bcei nonyisinuu Obiia peasm3osana B 389,. Ororo Ownuio
IOCTATOYHO JUUIS COXpAaHEHMS YUCJIEHHOCTH IONYJISIMM HA CTAOMJIBHOM YpOBHE.
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Breeding of the grey-lag goose 131
INTRODUCTION

The population of the grey-lag goose in the Baryecz valley has ranked as
one of the largest communities of this species in Central Europe for well over
100 years. Certainly it is the most numerous one in Poland. For the last 20 years
the number of breeding pairs has been fluctuating around the 300 pairs. The
local fish-ponds on which this species breeds, although subject to fairly inten-
sive commercial exploitation, have been a waterfowl reserve since 1949. Up to
now there have been no special studies of this population, neither from the bi-
ological nor ecological points of view.

The need for initiating such studies has recently become all the more evident
because considerable changes have been taking place in the environment as
a result of intensification of fish-farming activities. There was concern that this
might be detrimental to the habitat, first of all because of the danger of elim-
ination of suitable nesting sites for the majority of waterfowl, including geese,
if the works were to continue as planned by the fishery authorities. It was there-
fore necessary to start a detailed study with a view to determining the con-
ditions that would allow the goose population to remain undisturbed. The pres-
ent study was performed during the period 1972 to 1977, its objectives being
as follows:

— determining the number of breeding pairs in consecutive seasons in order
to reveal the extent of any fluctuations and their possible causes,

— evaluating the suitability of the various elements of the pond habitat
for the nesting of geese in terms of number of pairs and breeding success,

— determining the pattern of the breeding season in particular years, as
well as the factors affecting it,

— determining the clutch size and production of young,

— determining the factors affecting the overall breeding success,

— study of the behaviour of geese during successive stages of the repro-
duction in order to obtain information on the strategy of life of the population
investigated.

Studies of the grey-lag goose of a similar scope have been carried out by
Younag (1972) and NEwTON and KERBES (1974) in Great Britain. Synthetic
reviews of contemporary knowledge about this species have been published
by BAUER and GLuTz (1968), HUuDEC and RootH (1971) and CrAMP (1977).

DESCRIPTION OF THE STUDY AREA

The Baryez river, a right-side tributary of the Odra, flows in a wide post-
glacial valley. In the upper and central parts of this valley there are numerous
ponds grouped in six complexes (Fig. 1). The oldest of them were formed as
early as the end of the 13-th century by damming off huge overflow arms from
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Fig. 1. Barycz valley.

1 — main breeding area of grey-lag geese (“Luge”) at least up to 1922; 2 — fish-ponds; 3 — forests; 4 — meadows, pastures, fields; 5 — human
settlements. Numbers — fish-pond complexes,
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Fig. 2. Area of detailed studies (fish-poud‘complex No. 4). 1:25000.

1 — {fish-ponds; 2 — forests; 3 — meadows, pastures, fields; 4 — human settlements. Arrows show feeding areas of geese
breeding in particular ponds. Numbers indicate how many pairs bred in particular ponds.
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the river bed. Even today the majority of them have the appearance of shallow
lakes with well-developed reedbeds along the dam and numerous islets of reeds
in shallower parts of the pond. There are also occasional natural islets with
trees growing on their surface. The overall surface area of the ponds in these
complexes amounts to approximate 65600 hectares. Most of the ponds are middle-
to large-sized (20-200 ha). In recent years many of them have been subjected
to renovatory procedures, which mainly consisted in the removal of reeds. This
work was performed with the use of bulldozers which were used to push indi-
vidual reed clumps to one or several places where they formed artificial islets,
sometimes protruding high above the water. In particular, complexes no. 1, 2
and 3 were subjected to this treatment. |

The majority of the fish-pond complexes are surrounded on all sides by
meadows and fields, or sometimes with one side adjoining dense woodlands.
Only complex no. 6 lies in the middle of a forest, although the nearest fields
and meadows on which the geese feed during the breeding season are no more
than 3 km away.

As complex no. 4 (Table 1) was found to be particularly densely populated
by breeding geese, it was chosen as the study area (Fig. 2). This complex com-
prised 30 ponds having a surface area from several to 270 hectares. The overall
dammed-off area was 1480 hectares. The complex was surrounded with meadows
and fields with sandy soil. In the vicinity there were four small human settle-
ments. Being a reserve and a fish-farm, the complex was not unduly disturbed
by humans. The average depth of the ponds was about 1 m. Those with signii-
icant numbers of nesting geese, apart from a well-developed reedbed along the

Fig. 3. Ice-cover in relation to laying period.

1 — period when ice-cover exists; 2 — laying period; 3 — time at which the physiological barrier to laying dis-
continues. ‘
Open circles show the date of arrival of geese from wintering.
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dam which sometimes reached a width of 100 m, had numerous islets formed
in the shallower parts by Phragmites communis, Typha angustifolia, Glyceria
aquatica and Scirpus lacustris. The area of such islets ranged from 0.02 to 1 hec-
tare. They had the following structure: the central part was made up of closely
packed broken dead reeds with the detritus layer almost touching the water
surface. Regrowth of new reeds was practically non-existent there. This part
was surrounded with last year’s reeds, straight and rather scattered, amongst
which the geese could swim freely. There was no detritus layer there, as it was
washed away by waves.

All the ponds were drained once a year in order to collect the fish. Because
of this, and also during winter, over the ice, the islets were penetrated by wild
boar and roe deer which trod many intersecting paths. This made even the
deepest parts of the islets easily accessible to geese. In addition, six ponds had
natural small islands with shrubs and trees growing on them. Over a half of the
ponds had been partially renovated and, as mentioned earlier, had large arti-
ficial islets. Fish-farming activities during the breeding season for geese, which
is fairly early in the year, were minimal and caused almost no disturbance in
the ponds. The years during which this study was carried out were characterized
by relatively short and mild winters. The neighbouring fields and meadows were
freed of smow cover as early as at the end of January. The time during which
the ponds were iced over was also short, as can be seen from Figure 3.

METHODS

Each year the total number of breeding pairs was determined using two
methods: in ecomplex no. 4, which was studied in detail, nesting pairs were
counted by locating individual nests; in the other five complexes the number
of breeding geese was estimated by counting pairs flying to feeding grounds
during the egg-laying and incubation periods. In the latter case, advantage
was taken of the fact that it was customary for female geese to leave the nest
each morning (5 to 9 a.m.) and evening (4 to 8 p.m.) and fly together with the
males to the feeding ground. It was sufficient to repeat the count three to four
times to obtain an accurate result provided there were no more than 15 pairs
nesting on a gingle pond. If there were more nesting pairs an error could result
which, in extreme cases could amount up to 50 %. This was tested in complex
no. 4 by comparing the number of located nests with the results of the count.
However, as can be seen from Table 1, the number of pairs in complexes other
than no. 4 was so small that the possibility of making a significant error could
be ignored. Locating of individual nests was begun whenever the behaviour of
certain pairs indicated that the females might have started laying eggs. A sign
of this was when one of the partners remained in the reeds for longer periods

3
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of time, as the other swam keeping an attentive eye on the surroundings, or
when, upon return from feeding grounds, one of the birds disappeared in the
reeds while the other remained on the nearby water for some time and then
flew back to the feeding ground.

All places that were suitable for goose nesting were searched so many times
over as was necessary to locate all nests built during a given season. The likely
places were determined by frequent observations from the dam. In my opin-
ion, no more than 5 nests could have been missed in any season.

All nests with successful clutches were inspected at least four times. This
made it possible to obtain all the necessary data in the case of nests found when
the clutch had not yet been completed. The date of commencement of egg laying
was determined by subtracting the number of eggs found from the data of find-
ing the nest. The next visit was scheduled on the day when the clutch was
expected to be completed, with the assumption that a single female can lay
up to 12 eggs. This visit made it possible to determine the final clutch size and
the probable date of commencement of incubation (assuming that the female
lays an egg every day and commences incubation on the day of laying the last
one). The next visit was scheduled on the 27-th day of incubation. Its aim was
to determine the date of hatching (cracks or holes in' the egg-shell or audible
cheeps indicated the precise date of hatching). The last visit was made on the
day of hatching. The chicks were weighed and marked with wing-tags. Unhatch-
ed eggs were first tested to see if there was a live embryo inside (shaking of
the egg would result in the chick either moving or cheeping) and then broken
in order to determine whether the failure was due to infertility or death of the
embryo.

In the case of nests found with an already completed clutch (being incu-
bated) the number of visits was increased so as to permit prediction of the date
of hatching with the aid of water testing of the eggs. When the eggs started
to float the nest would be inspected every three days until the day of hatching.
The date of commencement of egg laying was calculated by subtracting from
the date of hatching the 28 days of incubation and the same number of days
as there were eggs in the nest.

Abandoned or predated nests, if the clutch had not been completed, were
included in the final analysis of results only in the construction of the diagram
of the egg-laying pattern for the whole population, and in the analysis of nest
failures. In the case of nests with completed clutches which were subsequently
abandoned or predated, the approximate date of commencement of egg laying
was determined from embryo growth, where the loss of the clutch was assumed
to have occurred in the middle of the period between the last but one and the
last visit. As the unit of time used in the description of the egg-laying cycle
was a five-day period, the calculations described above seem to reflect the real
situation.

In the majority of cases the causes of nest failures could be determined from
the condition of the nest and clutch. Three categories of nest failures were dis-
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tinguished: predation, abandonment and flooding or washing away of the
nest. |
Included in the first category (predation) were nests in which the whole
clutch had been destroyed as well as those in which after the loss of one or more
eggs during the period preceding the visit incubation was continued until a fur-
ther loss (not always total) would finally result in abandonment.

Nests were considered abandoned if there had not occurred a loss of eggs
since the last visit but incubation had been discontinued. The third category
18 self-explanatory.

In a considerable number of cases it was difficult to determine the primary
cause of the loss. This happened if between successive visits a nest had not
only been abandoned but also partially predated, with the consequences of
both these events being unknown. Such nests were classified in the mixed cat-
egory “failed due to predation or abandonment”.

As a result of these visits it was possible to determine the pattern of commence-
ment of egg laying by individual females, the relationship between clutch size
and date of commencement of egg laying, potential production of the popula-
tion, extent and causes of clutch losses and actual production in terms of hatch-
Ing success. |

The specific strategy adopted by the population investigated during the
period from the day of hatching to the day of fledging, which consisted in car-
rying out the whole ¢ycle within the territory of the pond, in places with partic-
ularly thick growth, made it impossible to follow the pattern of further losses
by counting the average number of young of a given age per one leading pair.
The number of traced birds was too small to make the results meaningful. The
author therefore limited himself to several counts of fledged young (with the
aid of 40x binoculars), which at the end of June began to flock together with
adult birds at 2-3 fixed places during the break between the morning and even-
ing feedings. These counts were discontinued on 25 July due to the fact that
after that date one could expect visits of geese from nearby complexes. The
highest count was taken as the final production. By comparing these results
with the number of hatched young as determined from nest inspections it was
possible to calculate the rate of losses during the stage of chick growth.

From the arrival of geese from wintering until their departure observations
were made concerning their behaviour, circadian rhythm and feeding habits.
These studies were intensified during the nesting season.

RESULTS

Population density

According to KALUzA (in MAYR 1926), in 1815 there were over a hundred
pairs of geese nesting on ponds in the western part of the valley. At the turn
of the 19-th century the main breeding place was a wetland area overgrown
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with shrubbery and alders near Niezgoda, called by the German name “Luge”.
300 to 400 geese bred in that area as compared to just several pairs nesting on
each of the pond complexes (KoLLYBAY 1905). I'rom the literature published
later (PAX 1920, 1925; PAMPEL 1922) one may coneclude that the situation de-
scribed by KOLLYBAY remained unchanged until the 1920’s.

In the 1940’s there occurred a sudden drop in the number of nesting geese
and SZARSKI (1950) observed only several dozen pairs. In a later conversation
with me he put their number at 60-70 pairs. Already by that time geese had

Table 1. Number of breeding pairs in particular fish-pond complexes in the Barycz valley

Years 1972 1973 1974 1975 1976 1977
Complex 1 (Radziadz) 31 35 30 26 30 33
Complex 2 (Jamnik) 5 7 5 8 6 10
Complex 3
(Ruda Sulowska) 29 40 38 38 40 45
Complex 4 (Stawno) 132 154 136 145 122 141
Complex 5 (Potasznia) 24 32 31 35 29 28
Complex 6 (Wierzchowice) 35 38 40 42 48 55
Total 276 306 280 294 275 312

discontinued nesting at “Luge” and the whole population was breeding only
on ponds. In the 1950’s, after the ponds and their surroundings were declared
a protected zone, the number of breeding pairs gradually increased until in the
1960’s the breeding population again attained its original size, ¢.e. approximate
300 pairs (MRUGASIEWICZ and WITKOWSKI 1962).

The numbers of breeding pairs in the consecutive years of the present study
are shown in Table 1. The data presented in the table concerns geese breeding
exclusively within the six fish-pond complexes shown on Figure 1. In addition
to these complexes, the part of the valley studied contains single ponds or groups
of small ponds with another 5-12 pairs nesting on them each year (MRUGASIE-
WICZ pers. comm.). It can be seen from that data that the goose population
during the period concerned was stable and oscillated around the 300 pairs.
This number was almost identical with that observed in the 1960’s.

It is seen from Table 1 that the largest number of geese nested each year
in complex no. 4. On comparing these data with the surface area of individual
complexes (see Fig. 1) one can see that this situation could not have been caused
solely by the relationship between the pond area in the complexes and the num-
ber of pairs nesting in them. The observed disproportions in the numbers of
breeding birds in complexes other than no. 4 were caused by the lack of sub-
stantial reed growth in the former, particularly by the lack of rushes and islets
in complexes no. 1, 2 and 3, where the reeds had been removed during reno-
vation works. It should be noted that in complex no. 3 all the geese were nesting
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on only one, largest pond which had not been renovated and contained a con-
siderable area overgrown with reeds. Therefore, the main factor responsible
for the disproportions in the distribution of the goose population in the Barycez
valley seemed to be the availability of optimal nest-sites, ¢.e. reeds, particularly
growing in the form of islets. |

Each year one could observe in complex no. 4 forty six to 68 non-breeding
geese, always flocking together and haunting those ponds which were occupied
by the greatest number of nesting pairs. No such flocks were seen in the other
complexes, although this could have been the result of insutficient observation.

Occurrence

The goose population investigated consisted of migratory birds. Marking
of approximately 100 birds with neck collars showed that first departures to
wintering grounds started as early as the second half of September with last
birds disappearing between 15 November and 10 December. Spring arrivals
were noted in the third 10-day period of February at the latest, the actual dates
of arrival in particular years being shown in Figure 3. Therefore, the period
from departure to arrival ranged from 50 to 75 days. In the years 1974 and 1977,
twelve and sixteen birds, respectively, were sighted as late as 15 January. Thus,
attempts at wintering in the valley were sporadic and were undertaken by in-
dividuals whose origin could not be established due to the fact that from the
end of September alien geese of unknown origin began to appear in the Barycz
valley, so that by October the total number of local and alien geese ranged irom
2 to 2 and a half thousand.

In the spring the returning geese would arrive in groups of 8 to 60 individ-
uals. The period between the arrival of the first and the last group of the local
breeding population averaged 25 days.

Circadian rhythm of geese throughout the year

With the exception of the breeding season the circadian rhythm of the grey-
lag goose was as follows:

— at daybreak, departure from ponds to feeding grounds situated on local
fields and meadows, where they fed till 8-10 a.m.,

— return to the ponds, drinking water, bathing and resting till 3-5 p.m.
The geese rested on artificial islets or in shallow water overgrown with short
vegetation,

— departure to feeding grounds, where they remained till dusk in the spring,
or even till midnight in the autumn,

— return to the ponds, where they settled for the night.

During the egg-laying season the cycle described above did not change to
any significant degree, the nest building and egg-laying activities being done
either before the morning departure to feeding grounds or during the mid-day
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break in feeding. During brooding the feeding periods occurred at the same time
of the day as usual, except that their length was cut down to 1.5 to 2.5 h. Dur-
ing the period of leading their young and moulting the circadian rhythm could
not be observed because of the secretive behaviour of the geese.

Distribution and building of nests

In the fish-pond complex that was investigated in detail (Fig. 2) only 16
out of 30 ponds had geese nesting on them. Geese did not nest on ponds with
a surface area below 10 hectares. Each year 60-68 9% of breeding pairs nested
on the largest two ponds of this complex. These ponds had numerous islets of
reeds and a wide reedbed along the dam. They had not been renovated and
therefore there were no artificial islets there.

Table 2. Distribution of nests (%)

Year 1972 | 1973 | 1974 | 19756 | 1976 | 1977 | Total |
Reedbeds along the dam 14 292 21 26 17 G B}
Islets of reeds 80 68 69 63 78 65 70
Artificial islets 6 10 10 11 et R 7 9 |
No. of nests 132 | 284 7 188" { a4 todee dode ] de0 |

In spite of the fact that 14 ponds in the said complex had artificial islets
and on the remaining ponds the total surface area of reedbeds was almost twice
as high as that of the islets of reeds, it is seen from Table 2 that most of the
breeding pairs nested each year on natural islets of reeds, rather than on arti-
ficial islets. Nesting on trees was never observed (Kux 1963) despite the ex-
istence of suitable conditions on at least two ponds.

The number of nests built on the reed islets was not necessarily proportional
to their size. The highest number was observed on islets of 1.5 are which had
three nests, the shortest distance between two of them being 5.5 m. The number
of nests built on particular islets was not the same from year to year. Ditfer-
ences in nest density could be as high as 66 %,.

On natural islets with trees growing on them and on artificial islets the
nests were located in such a way as to enable the brooding goose to watch the
surroundings in all, or at least in three directions. Unlike ducks, which also
nested in considerable numbers on the same islets, the geese never built their
nests in dense thickets, under thick-set shrubs or under overhanging edges ot
the dam.

In reed the nest-sites always afforded easy access by swimming or on foot.

Like reedbeds along the dam, the islets of reeds (see page 185) had such a struc-
ture that a considerable number of nests was built at the border-line of the
closely packed, broken reeds of the central part of the islet, 7.e. up to 10 metres
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from open water. However, as mentioned earlier, the paths trodden by animals
often enabled the geese to penetrate deep into the islets and reedbeds. Table 3
shows the observed distances from open water for a sample of 359 nests in the
Baryecz valley, compared with data obtained in Czechoslovakia on ponds similar
to those in the Baryez valley (HUDEC 1971). It seems that in the Czechoslovak
sample the geese tended to build nests close to open water. It is difficult to
say whether this difference between the two populations had anything to do

Table 3. Distances of nests located in reeds from open water

; Barycz valley Czechoslovakia
Distance (m) 4§
no. of nests A (%)
1-10 136 38 71
11-20 124 30 26
21-30 61 17 3
31-40 29 8 i
> 40 9 2 -

with adaptation, or whether it was caused solely by some structural differences
which, for example, made it physically impossible for geese to penetrate deeper
into the reeds. In the Barycz population the rate of breeding success was found
to be independent of nest distance from open water.

Nests were normally built on small “eyes” of open water in reeds, and if no
such “eyes” could be found the geese would clear reeds from an area measuring
2-5 m in diameter and use the material collected to build their nest. A nest
built in this manner would be quite conspicuous from the air. The depth of the
water under nests situated in reeds ranged from 10 to 90 c¢m, the majority of
nests being built at 20-50 em. The dimensions of 140 nests were found to be
within the limits reported by HupEcC and RooTH (1970).

The majority of the females started laying eggs before the nest had been
completed. They would finish the nest during the egg-laying period, or even
during the first few days of brooding. If there occurred a moderate rise in water
level, the geese would build up the nest to the required height provided the
incubation was not at an advanced stage. They would do this only occasionally
if the rise occurred in the lagt days of brooding. If not flushed the geese would
~ often cover the eggs when leaving the nest, but not as a rule. Both during the
ege-laying and brooding period the male and the female would fly together to
feeding grounds, leaving the nest unattended.

Timing of breeding

Figure 4 shows the egg-laying pattern in consecutive seasons. It 18 seen that
in each season the shape of the curve is normal and that there are no curves
with two peaks. It has been reported that on the average 449, of nests fail
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Fig. 4. Chronology of laying (%). Columns show the percentage of females beginning to lay
in particular pentades.

during the brooding period (¢f. Table 10). If geese were to build new nests and
lay new clutches after the loss of the first one then one would expect this to be
reflected in the shape of the egg-laying curve. As the above-mentioned curves
seem to be quite regular we may conclude that at least in the majority of cases
last clutches are not replaced with new ones in a given season. This conclusion
18 also supported by some observations in the field, such as the formation of
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flocks of geese, the number of which increased with the passage of the season,
as if in proportion to the number of lost clutches. Accordingly to PAAKSPUU
(1964), YOoUNG (1972) and other authors (in BAUER and GLUTZ 1968) geese lay
replacement clutches.

The period between the commencement of egg laying by the first and last
female in the population investigated ranged from 30 to 45 days, but the fact
that each year 87-97 9, of geese commenced laying within 20 days of each other
confirms the high synchronisation of this process. If the egg-laying season start-
ed later than usual then its duration would be reduced (¢f. the 1976 season
with the other ones, Fig. 4).

The egg-laying eurves in Figure 4 even if combined into a single diagram
(upper diag. in Fig. 5), do not indicate the potential length of the laying season
in the Barycz valley due to the fact that all the seasons during this study were

40
30
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40
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Fig. 5. Potential laying season in Barycz valley.

Columns show the percentage of females beginning to lay in particular pentades. Upper diagram: the overall pic-
ture for years 1972-1977. Lower diagram: the beginning of laying in years with relatively severe winters. For other
explanations see text.

characterized by relatively mild winters. In order to obtain a more accurate
picture of the potential laying season, the author analysed data which he had
collected in years characterized by relatively severe winters during which the
ponds were ice-bound for a longer period. The results are shown in the lower

diagram of Figure 5.
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The data collected by the author during the period 1959 to 1979 show that -
there were only 4 cases (out of a sample of 980) of geese commencing egg laying
as early as 26-29 February. Also in Czechoslovakia the earliest date of commence-
ment of egg laying was 26 February (Kux 1963). Thus, it seems that egg
laying cannot commence at an earlier date due to the existence of some kind
of physiological barrier, perhaps connected with daylength (KENDEIGH 1941).
Figure 3 shows the relationship between ice cover and egg laying in consecutive
seasons. It is seen that after the disappearance of the physiological barrier the
start of egg laying coincided with the melting away of the ice cover. This coin-
cidence will be discussed on page 210.

Egg laying and hateching

Out of 154 analysed cases in 49 instances eggs were laid before 7 a.m. and
in 105 instances between 9 a.m. and 2 p.m. In 64 nests investigated in different
years the interval between the laying of successive eggs ranged from 24 to 30 h.
In 14 nests the interval between the laying of the last but one and the last egg
was approximate 48 h. In this respect the geese in this study differed from those
in HEstonia which normally laid an egg every other day (PAAXKSPUU 1964). Incu-
bation of eggs was begun at the time of laying of the last egg, even if there occur-
red an occasional ground-frost (down to —4 °C).

The incubation period (last egg laid to first egg hatched) was 27 days in
2 nests (1.49%), 28 days in 117 nests (81.8 %) and 29 days in 24 nests (16.89,).
The nests in these calculations were those for which it was possible to determine
the necessary dates. Each day there were two breaks in brooding lasting two
hours each, when the birds flew to their feeding grounds.

Clutech size and egg measurements;

More than a half of the females (559) laid clutches of 5—6 eggs, although
anything from 2 to 10 eggs was possible. In the literature doubts have been
expressed whether the extremely small-sized clutches (2 eggs) are not the result
of an accident (loss of nest during the laying period and subsequent continua-
tion of laying in a new nest), and the extremely large clutches (10-12 eggs)
are not laid by two females. In this study, in two nests with 10 eggs each there
was no doubt that the eggs had been laid by single females. This finding was
based on the following facts: frequent observations from hiding never revealed
more than two birds at each of these nests; inspection of the nests every second
or third day during the egg laying period always showed the correct number
of eggs, ¢.e. one new egg per day; the shape and size of the eggs were within
the range of individual variation; 9 and 10 eggs were hatched, respectively,
in each case on the same day. Similar data were obtained in the case of another
clutch of 12 eggs.
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Table 4. Clutch size in different seasons

Frequency of clutches containing the following number Mean
Year fNO't of eggs: clutch
st A VAINAE 12 M Yo A e B BTN DRI R R
| ! | |
1972 108 6 130 k8421 BT e 3 1 Y| — ] e o 4.9
1973 139 4 91 22148 128 | 291 11 1 5| — 2 5.6
| 1974 119 2 6 | 19| 40 | 36 | 11 2 1 S e i 1 0.4
| 1975 106 — 9|22 | 356 | 27 7 3 1 1 Pk Siec) B oms 5.2
1976 80 1 11 1 18 1 26| 16 7 1 e R (o I 4.9
1977 77 R R T R e A B e 5.5
All | No.629| 14 | 53 (109 [211 [136 [ 63 |24 | 5| 9| 1| 2| 1
years| % 100 ‘2.2 l 3.4‘17.3‘ 33.5‘21.6 10.9' 3.8 ‘ 08 1.4]02[03|02]|02]| °°

Table 4 gives the frequency of particular clutch sizes in consecutive seasons.
Despite the rather considerable individual differences, the overall mean clutch
size in particular years ranged from 4.9 to 5.6 eggs. The differences between
the means 4.9 (1972, 1976) and the means from 5.4 and up (1973, 1974, 1977)
were found to be statistically significant (f = 3.69 —3.97, P < 0.001). The differ-
ence between the means 4.9 and 5.2, and 5.2 and 5.6, respectively, were not
significant ({ = 1.25 —1.48, P > 0.1).

The later a female commenced egg laying the smaller was the clutch size.
This is shown in Table 5. The mean clutch size fell from 6.7 at the start of the
laying season to 3.5 at the end of it. Since 2 number of observations furnished
the author with indirect evidence that at least most of the geese did not lay
replacement clutches after losing the original one (page 192), the observed drop
in mean clutch size could not have been caused by the fact that replacement
clutches tend to be smaller than normal clutches. Possibly the decline in clutch
size was caused by voung females which normally start laying later on in the
season and on the average produce a smaller number of eggs (CouLsoN 1963,
MYRBERGET 1977), or by females in poor physical condition (ANDERSEN 1957,
Jonus 1973). The problem of declining clutch size in geese requires further
studies of tagged individuals of known age.

Table 5. Declining of mean clutch-size within the season

are divided into 5-day periods: I to V and following. Data refer to period of first eggs
laid. Figures in brackets show sample gizes

Laying seasons

1977

1972 1973 1974 1975 1976 All years

I 6.0 (3) | 7.6 (6) | 65 (2| 63 (0| 70 (2| 7.0 (1) 67 (20)

11 5.7 (16) | 6.8 (28) | 6.1 (9) | 5.8 (34) | 5.6 (31) | 6.6 (13) | 6.2 (131)

111 5.2 (28) | 5.9 (56) | 6.0 (45) | 4.8 (41) | 4.4 (36) | 5.7 (29) | 5.3 (235)

IV 5.0 (33) | 4.9 (28) | 5.2 (33). | 5.0 (13) | 4.4 (10) | 5.2 (19) | 4.9 (136)

v 4.0 (23) | 43 (17) | 4.5 (20) | 4.0 (9) | 5.0 (1) | 48 (10) | 45 (80)

| dollowing | 5.0 (8 b8@ a0y | -S40 (10) | 46 @) | — (=) 188 (5) | 35 @
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The dimensions and weight of eggs are given in Table 6. The author weighed
only those eggs which had not been incubated for longer than 5 days (Pesola
300). The measurements of the largest and the smallest egg (which hatched
later) were 99 X 62.5 mm, 219 g and 77.5 X 52.9 mm, 118 g.

The mean dimensions and weight of eggs did not vary from season to sea-
son. Table 7 shows that the mean weight of an egg is almost the same in the

three years presented there.
As shown in Table 8, there were no trends and no mgmflcant differences

In mean egg weight in relation to cluteh size.

Table 6. Egg measurements

Maxi- Mini- Sample
mum mum Mean S.D. s1ze
Length (mm)| 103.0 74.3 86.9 3.19 1903
Breadth
(mm) 65.6 50.7 59.3 3.02 1903
Weight (g) 219 118 169.9 11.26 1165

Table 7. Comparison of mean length, breadth and weight of eggs in different

years
Year Length (S.D.) | Breadth (S.D.)| = Weight (S.D.) N
1972 87.0 (3.04) 59.1 (4.28) - | 524 | 170.1 (11.62) | 235
1973 87.2 (3.36) 59.2 (3.43) 729 169.4 (11.52) 493
1974 86.6 (3.03) 59.6 (1.54) 424 170.5 (10.16) 437

Table 8. Mean egg weight in relation to the different clutch-sizes

o

SRS T [ .

Clutch size 3 4 b 6 7 8
Mean egg weight |

() 169.2 167.7 e B g 169.4 169.8 167.2
No. of clutches 23 41 52 43 25 17

The weight of chicks at hatching ranged from 91 to 140 g, # = 114.9 g,
5. = 9,18 (n =487).

The data given in Tables 7 and 8 lead one to the conclusion that the mean
egg weight in the population investigated is fairly constant and independent
of the season or clutch size. Individual deviations from normal are marginal
and do not affect the mean values. A larger or smaller production of eggs in
individual cases does not affect their size, ¢.e. their quality.
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Double clutehes

Two categories of double clutches were observed: one in which two females
laid two complete clutches in a single nest, and another where one female laid
a complete clutch and another female added just 1 —3 eggs to the original
clutch.

Out of 629 clutches investigated (Table b) there were 27 double ones (4.3 %),
of which only 8 (1.3 9% of all clutches and 309, of double clutches) were classi-
fied in the first category, the remaining ones (19, 7.e. 3 9% and 70 9,, respectively)
being classified in the second category.

Table 9. Frequency of double clutches in particular clutch-sizes

Clutch size
Total
yoL gl 0 b 0L 15 E 33 M1g T 14
No. of whole clutches 63 | 24 10 9 1 2 1 1 106
{ No. of double clutches 10 6 3 4 1 1 1 1 27

Double clutches in clutch-sizes of less than 7 eggs were not found

The frequency of double clutches in different clutch sizes is given in Table 9.

One should qualify the above data concerning double clutches as being only
approximate since there certainly could have been other cases of double clutches
which went undetected, e.g. because of clutch losses efc. The main criteria em-
ployed in the classification of double clutches (apart from evident, on-site ob-
servations) were as follows: significant differences in embryo development
in one clutch and addition of new eggs to a clutch at an advanced stage of in-
cubation.

Out of 5 known double clutches with more than 10 eggs only one ended
in success. The other ones were lost due to egg chilling, infertility or abandon-

ment.

Duration of the breeding period

The length of the nesting period, measured from the laying of the first egg
to the hatching (or expected hatching in case of failed nests) of young averaged
34 days per pair, or 62 days for the population as a whole, with annual varia-
tions in the range 53 to 75 days. The causes of these variations for the popula-
tion in particular years remain unknown, although it should be stressed that
the extension of the mean length of the nesting period was caused by a relatively
small proportion of the female population. Most females (ca 80 9,) closed the
nesting period in 43 to 53 days. On the other hand, in 1976, when the geese
commenced egg laying later than usual, the nesting period for all females lasted
only 53 days, ¢.e. it was much shorter than on the average.
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From the date of hatching it took another 55—-65 days for the young to ac-
quire effective flying capability. Overall, the whole breeding period lasted
108-140 days, with the majority of geese closing the breeding cycle within
95 to 115 days. No unfledged young were seen after 20 July in any year.

Failures and breeding success

Proportion and causes of nest failures. During the nesting period the rate of
success was mainly affected by two kinds of losses: predation and abandonment
of nests. Losses from other causes were negligible. A detailed list of all causes
of nest failures in all seasons 18 presented in Table 10.

Table 10. Causes of nest failures (9)

1972 1973 1974 1975 1976 1977 | All years

Predation 24 21 18 9 12 12 16.2
Abandonment 20 24 16 9 12 14 16.0

| Predation or | |

' abandonment 10 DErgr i roma s b ing 16 16 11:1
Flooding | RS 1 - = - e W 0.9
Total nests |

failed (9%) 55 52 41 31 43 42 44.2
| No. of nests 132 154 136 145 122 121%* 810

* 20 remaining nests were not examined later on

Predation. On the average 16.29% of nests were destroyed by predators.
The highest proportion of losses in this group was caused by the hooded crow
Corvus corone corniz, (789%, of all nests failed due to predation). Within the
territory of complex no. 4 there were approximately 50 pairs of the hooded
crow breeding there each year, but only 30 of these could have constituted
a danger to goose’s clutches, the other crows occupying territories too distant
from the ponds on which the geese were nesting. Goose’s eggs that were predated
by crows would normally be eaten at the nest; only on rare occasions were eggs
carried off from the predated nest. Crows had the opportunity of predating
nests at least twice a day, when the geese were away feeding. They did not find
goose’s nests by conducting a systematic search of the habitat, but by descrying
from tree-tops and noting the places from which geese were swimming or flying
out. I think that the above-described strategy of predation predominated, at
least with respect to geese. This opinion is based on the finding that in a consi-
derable number of cases crows would not return to a previously predated nest,
often left with only one egg destroyed and the others intact, if the nest was
abandoned as a result of that event. This could mean that without the “help”
of the geese the crows were unable to find the nest for the second time. Since
in normal circumstances geese have the habit of leaving their nest very quietly
and taking wing at a certain distance from it, the losses due to the hooded crow
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were limited. Such losses can increase if for some reason the geese keep getting
flushed from their nests.

In the majority of cases (64 %) only some of the eggs, not all, were destroyed
by a predating crow. However, this would normally result in the goose’s aban-
doning the nest. Only 16 9%, of the females whose nests had been partially pre-
dated continued brooding.

The second important predator, which caused 13 9%, of all losses due to preda-
tion, was the wild boar Sus scrofa. Its pressure was strongest on ponds that were
bordered by woodland and had extensive areas of reedbeds at or near the dam.
On such ponds the wild boar would occasionally cause losses of the order of
10 to 909%,. If a nest was predated by a boar the whole clutch would be eaten
and the nest rooted up. The brooding goose would escape unharmed.

The remaining predators, which accounted for a total of 99, of all losses
due to predation, were as follows: the marsh harrier Circus aeruginosus, num-
bering approximately 30 pairs in the complex studied, and the red fox Vulpes
vulpes, at least five pairs.

The losses due to harriers were almost exclusively confined to the period
of hatching of chicks, and the most frequent, indirect cause was the flushing
of a brooding goose irom its nest. These losses accounted for only 59, of all
losses due to predation. This relatively low figure was probably due to the habit
of female geese to stay at the nest and feed in its vicinity from the moment
the chicks start breaking the egg-shell. Nevertheless, there was one observed
instance of a marsh harrier carrying off a newly hatched chick in the presence
of the adult goose on the nest.

The losses caused by red foxes, although fairly small in number (4 9, of all
losses due to predation), were very dangerous because the fox would not so
much destroy the clutch as kill the brooding goose. Most of such losses occurred
when during the nesting season the water level in the ponds was reduced, or
the pond was drained of water.

There was only one instance of predation by the sea eagle Haliaeetus albicilla,
which killed a brooding goose. Thus, it i8 seen that the pressure from this raptor
was negligible, despite its frequent haunting of the ponds.

Abandonment of nests. Abandonment accounted for a similar proportion
of losses as predation (16 9,). Abandonments must have been caused by a po-
tential or real danger either to the nest only, or also to its owners. It is hard
to say precisely which of the two factors was decisive in each case of abandon-
ment. From the inspection data one can only base one’s conclusions on guess-
work.

One of the causes could have been the plundering by crows, or other pre-
dators not dangerous to the life of geese, of neighbouring nests, which could
have caused the owner of the nest concerned to sense the imminent danger and

abandon the nest.
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On some islets with a larger number of nesting geese there seemed to eoxist
2 kind of social bond between at least some of the pairs. This was particularly
true of the males which showed a specific division of social roles. When the fe-
males were brooding some males would stay near the islet, while the remaining
ones flew to feeding grounds. In this way the females would at all times be
guarded against impending dangers, while part of the males could fly out to
feed and also cheek the safety of the feeding ground before the arrival of the
females. Since there was a social group, there certainly must have been some
kind of hierarchy. Thus, one can make a supposition that in the case of des-
truction of a nest belonging to the dominant bird in the group and the result-
ing abandonment of the nesting place by that bird, other geese ranking lower
in the hierarchy might follow suit. A partial confirmation of both the above-
mentioned probable causes of abandonment is provided by the observation of
more numerous cases of abandonment at nesting places where the clutches of
neighbours had already been predated by crows or wild boars. Further studies
and experiments are required to explain this problem.

Another cause of abandonment was the appearance of a threat, even if only
a potential one, to the life of the brooding goose, e.g. possible or real penetra-
tion of the nesting site by a fox. This supposition is confirmed by the fact that
if a pond was drained all geese nesting on it would immediately abandon their
nests.

Finally, abandonments could also have been caused by excessive penetra-
tion of nesting sites by human beings (e.g. frequent inspections of nests by the
author). The number of abandonments due to this could have been particularly
high in the first two years of the study. Later the geese clearly got accustomed
to the presence of people. However, hides of any kind near the nest, even if
very well masked, were always regarded by the geese with great suspicion.

As there was good reason for suspecting that a certain proportion of aban-
donments was being caused by the investigation itself, the author performed
an experiment on the largest pond in the complex. A large part of the pond,
densely populated by nesting geese, was left undisturbed during the egg-laying
and brooding periods for two consecutive years. Later 47 nests were found there,
of which 6, ¢.e. 12.8%, had been evidently abandoned. Since the proportion
of abandonments on ponds that were investigated in the usual manner was
16 %, 1t 18 seen that the abandonments caused by the author accounted for
20 % of all abandonments, ¢.e. sSomewhat more than 3 % of all clutches laid.

The effect of abandonments on the total number of clutch failures could
have been significantly higher than the above data would indicate. This is
because in some cases clutches classified as failed due to predation could have
been first abandoned and predated at a later date.

Predation or abandonment. This mixed category of losses, which on the aver-
age accounted for 11.19, of all losses, was the result of insufficient frequency
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of inspections, which made it impossible to determine the real cause of some

failure from a knowledge of the sequence of events (details on page 187).
It can therefore be said that as a result of both predation and abandonment

43.3 %, of all clutches laid ended in a failure.

Other failures. The remaining proportion of lost nests (0.9 % on the average)
was caused by abiotic factors (washing away of nests by waves or flooding).

Successful clutches and production of young

On the average 55.89%, of all clutches ended in the hateching of at least one
chick. The mean clutch size in successful nests was 5.5 eggs and was a little
larger than the corresponding figure for all nests built (the mean clutch size
per nest for all seasons covered by the study was 5.3 eggs). Successiul nests had

Table 11. Productivity of successful nests®

Nk Eggs Eggs Total Al Mean Mean
Years| exa- Eggs unhatech-| predat- 088" Eggs clutch 1,)1'00(1 l?rood
: laid failed | hatched : size at | size at
mined ed (%) | ed (%) size : i
(%) hatching| fledging
1972 50 263 7.2 3.0 10.3 236 5:3 4.7 3.4
1973 67 381 6.8 5.2 12.1 335 5.7 5.0 3.1
1974 72 401 5.0 3.7 8.7 366 5.6 5.1 3.5
1975 80 439 4.3 4.8 9.1 399 5.5 5.0 3:3
1976 46 237 5.9 — 5.9 223 5.2 4.9 3.8
1977 46 258 5.0 5.8 10.9 230 5.6 5.0 4.0
| All I
years | 361 1979 5.6 4.0 9.6 1789 5.5 5.0 3.6

* The figures presented above do not include those successful clutches for which it was not possible to
determine all of the above parameters. The real number of hatched young in the different seasons is given in Ta-

ble 14.

a very high production of young, the average proportion of all kinds of failures
accounting for only 9.6 9, of the potential production (7.e. of all eggs laid). The
failures were classified as below:

— unhatched eggs. These constituted 5.6 9, of all failed eggs. They were either
infertile or contained a dead embryo. The corresponding figure for a Scottish
population of geese (NEwWTON and KERBES 1974) is 6 %, ¢.e. both population
were similar in this respect.

— eggs predated by hooded crows. The mean value here 18 4 9%, of all eggs laid.
A typical pair with a successful nest would produce 5 young. Details are

given in Table 11.

4
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Hatching success in relation to ¢luteh size and time of laying

Hatching success was aifected by cluteh size. The respective figures are
given in Table 12.

It turned out that both small (2-3 eggs) and very large (> 8 eggs) clutches
did not differ significantly (¥? = 1.53, P > 0.1) in hatching success, despite the
apparent difference in the proportion of hatched eggs. However, both these
categories of clutches exhibit a highly significant difference when compared
with the cluteh sizes that most frequently occur in geese, 7.6. 57 eggs (x> = 32.9,

Table 12. Hatching success in relation to different clutch sizes (all years combined)

i

Clutch size 2-3 4 5 6 7 8 1 >81
No. of clutches laid 67 1109 | 211 { 136 63 24 19
o, producing young 26.9 | 53.2 | 60.2 | 69.1 | 63.5 | 58.3 | 42.1 |

P < 0.001). As regards clutches from 4 to 8 eggs, a statistically significant dif-
ference is noted only between 4- and 6-egg clutches (¢% = 6.5, P < 0.02). The
remaining differences were not significant (¥2 = 3.35, P > 0.05 < 0.1).

There were evident differences in hatching success in relation to the date
of commencement of egg laying. The respective data is shown in Table 13.

Table 13. Seasonal trends in hatching success
Data refer to period of first eggs laid. Laying seasons are divided into 10-day periods: I, 1I, 111 and following.

n — number of clutches laid, s — number (%) of successful clutches
v !
_ | ek - Total
Period 1972 1973 1974 1975 1976 1977
nlCe Himl s LAl gt RN 8L n - TRl
I 19/14(74)| 33/20(61)| 12|11(92)| 42|35(83)| 37|25(68)| 14/12(86)| 157 | 117(74.5)
11 61(28(46)| 85/42(49)| 81|48(59)| 55|32(58)| 54|23(43)| 49|30(61)| 385 203(52.7)
111 28| 8(29)| 23| 5(22)| 31|14(45)| 11| 4(36)] 2| 1(50)| 15| 4(27)| 110| 36(32.7)

The highest rate of hatching success, 74.5 %, was noted in clutches commenc-
ed in the first 10 days of the egg-laying season. The least successful clutches
were commenced at the end of the season (67.3 9, failed). The differences between
successive 10-day periods are statistically significant (42 = 46.8, P < 0.001).

Thus, the highest rate of hatching success was noted in clutches of 5-8 eggs,
the majority of which were laid in the first half of the season. As mentioned
on page 195, small clutches that were commenced late in the season could have
been laid by young or physically inferior birds. The same may have been true
of breeding success. Lack of experience in the case of a young female, or pro-
longed stays at feeding grounds in the case of geese in poor physical condition,
with the resulting threat of predation of the unattended nests by crows, could
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have been the cause of the higher rate of failures of clutches laid by such indi-
viduals. Females that commenced laying late in the season had a limited choice
of nest-sites, so their nests could have been more exposed. Also, late clutches
were found to be more frequently abandoned. This could possibly be linked
with the social bonds and hierarchy mentioned on page 200. Young and physically
inferior birds certainly did not rank highly in the hierarchical structure of a
group.

Relatively high losses were also noted in clutches containing more than
8 eggs. As mentioned on page 197, a considerable number of such clutches were
laid by two females. All kinds of perturbations resulting from this fact could
have had a detrimental effect on the success of such clutches, e.¢g. inability to
warm all the eggs of such a large clutch at the same time, with the resulting
chilling of eggs.

It has been suggested that the smaller number of losses observed early in
the season is the result of reduced pressure from predators that are just begin-
ning to discover the few nests that have been built, while the relatively lower
proportion of losses at the peak of the season compared to its end is caused by
the fact that a predator will destroy only as many nests as it has to in order to
satisfy i1ts hunger. Since at the peak of the season there are more nests than
necessary for this purpose, the excess nests will end in success. At the close of
the season there are fewer and fewer nests, and therefore a correspondingly high-
er proportion of them is predated.

The above-mentioned hypothesis would be acceptable if the goose popula-
tion in the habitat investigated were the only one that could be preyed upon.
In faet, in the second half of the nesting season for geese egg laying is also com-
menced by numerous coots Fulica atra, great-crested grebes Podiceps cristatus,
and mallards Anas platyrhynchos, whose eggs are at least as much prized by the
main local predator, the hooded crow, as those of the grey-lag goose. Thus,
at the close of the season for geese the pressure from the hooded crow is spread
to other species of water-birds that breed in the same habitat.

Hatching success in relation to nest-sites

The geese observed in this study nested solely on ponds. Three types of ha-
bitat were available for nesting: 1) numerous islets of reeds and some natural
islets with trees growing on them (henceforth called natural islets), 2) artificial
islets protruding high above the water and overgrown with low vegetation,
3) reedbeds along the dam. The great majority of geese nested on natural islets,
the least on artificial ones. The rate of hatching success exhibited a similar pat-
tern. The respective data is given in Table 14. All the differences in hatching
success between these three habitats are statistically significant: 1 : 2 — 4% = 44.9,
P<0.001,1:3—y =176, P<0.001, 2:3—y? =114, P < 0.001.

The higher rate of losses in reedbeds as compared to natural islets was the
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 Table 14. Hatching success in relation to nest-sites

Natural Artificial Reedbeds
. ; Total
islets 18lets along dam
No. of clutches laid 581 75 174 830
No. of clutches failed 214 58 95 367
% successful clutches 63 23 45 55.8

result of a stronger pressure irom the wild boar as well as incidental penetration
of the reedbeds by the red fox.

The highest losses occurred in nests located on artificial islets where brooding
geese were very conspicuous, even at a distance, so that crows concentrated
their pressure on such islets. This resulted in the highest rate of abandonments
of the three habitats. This leads one to the conclusion that the recent changes
introduced by the fishermen in the ponds do not spell a good fortune for the

goose population there.

Survival of young

The time from hatching to fledging varied from 55 to 65 days. On the av-
erage, 27.4 9, of all young perished during this period. Details. are given in Ta-
ble 15.

Unfortunately, it was not possible to determine precisely the causes of death
in individual cases, although numerous observations indicated that a consid-
erable proportion of losses was caused by predators. In my opinion, terrestial
predators (fox, domestic dog, pine martin Martes martes, stoat Mustella erminea,
polecat Mustella putorius) could not have caused significant losses among un-
fledged young, because they did not haunt the territories where the geese were
raising their young. The greatest proportion of losses was certainly caused by
predatory birds. Again the hooded crow was among the main culprits, par-
ticularly in relation to goslings of several days of age. Crows were even seen
to catech swimming goslings from the air. The marsh harrier, hunting not only
over open water but also in reeds, now became much more dangerous than du-
ring the nesting period. Crows and harriers would be particularly likely to strike
when a family of geese was suddenly forced to flee and the young were lett

Table 15. Survival of young

Year 1972 1973 1974 1975 1976 1977 |Total
No. of young hatched 287 360 407 498 340 410* | 2302
‘No. of young fledged 207 272 280 331.. 2568 324 1672
Young mortality 9 27.9 24.5 31.2 33.5 24.1 21.0 | 27.4 |

* For unchecked 20 nests the number of hatched young was calculated on the basis of mean hatching

success.
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somewhat behind their parents. This situation was most often caused by hu-
mans, but also by the mute swan Cygnus olor. Certain male swans had the habit
of violently attacking every pairs of geese appearing in the vicinity of their

nests.
In addition to the killing of goslings, such incidents had another conse-

quence, particularly if several families of geese swimming close to one another
got scattered. In such cases goslings from different families would often get
mixed. The extent of this phenomenon could have been quite considerable since
in 41 cases of trapping several-days-old goslings there were eleven groups
consisting of young birds originating from two or even four different nests (as
determined from wing-tags that had been affixed to hatched chicks)*.

During the whole period from hatching to fledging the geese stayed on the
ponds, though not necessarily on those on which they had nested. For example,
on the pond marked by the number 32-54 on Figure 2 almost all geese moved
after the hatching of their young to neighbouring ponds that were less suitable
for nesting but more abundant in plants which the geese fed on.

Total number of failures and production of young

The most important factor limiting the overall breeding success was the
losses suffered during the nesting period, particularly losses of complete clutch-
es as a result of predation and/or abandonment. The proportion of nest failure
caused by physical factors was very small (Table 10).

The percentage losses in the case of successful nests were fairly small, ave-
raging 9.6 9%, ot all eggs laid in such nests (Table 11).

The proportion of losses from the time of hatching to fledging averaged
27.4 9, of hatched young (Table 15), which is less than one third of the number

of losses suifered during incubation (Table 16).
The overall rate of failures in relation to potential production averaged

61.7 9%,, with one breeding pair producing an average of two fledged young (Ta-
ble 16). The mean brood size at fledging per successful breeding pair averaged
3.6 (Table 11). The average ratio of actual to potential production was 38.3 9.

DISCUSSION

Stability of population

The population data up to the 1940’s and from the beginning of the 1960’s
show that the population of the grey-lag goose in the Barycz valley has been

very stable (page 187).

* It results from this finding that one has to be very careful when determining the mean
brood size between hatching and fledging by the method of counting the total number of
young and dividing it by the number of leading pairs, since it could happen that during such
incidents as described above some pairs might lose all their young to other pairs, as seen by

the author in two instances.



Table 16. Total failures and actual production of young as a percentage of potential production

_E 855 Eggs Eggs Total Young Mean brood
failed dt}e failed failed Total Young failures fledged size at fledg-
Years: |- 'O Pradakion t,o ha,i':ch due- to c8gs mortality | (eggs -+ (actual ing per
or abandon-| (infertile, weait]:}er failed (%) voung) production) breeding
ment dead embryo)| conditions { %) (%) (%) pair
(%) (%) (%)
1972 51.1 3.6 0.9 55.6 12.4 68.0 32.0 1.6
1973 53.0 3.3 1.4 57.7 10.8 68.5 31.5 1.8
1974 41.3 3.1 0.0 44.4 17.4 61.8 38.2 2.1
1975 30.3 3.4 0.0 33.7 22.4 56.1 43.9 2.3
1976 35.9 3.6 4.8 44.3 12.5 56.8 43.2 2.1
1977 44.6 3.1 0.0 47.7 10.5 58.2 41.8 2.3
Total 43.0 3.3 1.1 47.4 14.3 61.7 38.3 2.0
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During World War II and the years directly following it there occurred a dis-
astrous drop in population to only one quarter of the previous number of geese.
Since during the period concerned there were no significant changes in the habi-
tat and there was no increase in the number of local predators endangering
clutches or adult geese, this drop must have been caused by man who at that
time was the main and the most dangerous of all the potential predators. One
can get an idea of the scale of pressure exerted by man from accounts of local
fishermen. The lack of food and the prevailing laxity in law enforcement re-
sulted in the killing of geese at all times of the year. There were many fire-arms
in the hands of civilians who used them for poaching. Shooting parties were or-
canized that from the view-point of proper game management were nothing
else but common poaching, since even brooding geese fell victim to these hunts.
In any case, right after the war, as a result of bad blunders in the fixing of close
seasons, it was quite legal to shoot geese during the nesting season until mid-May.
The local populace frequently laid all sorts of traps at goose’s nests. It was a com-
mon practice to take eggs for home breeding. It is therefore not surprising th:t
in a situation where not only many clutches were being destroyed but, more
important, reproducing geese were shot at the goose population began to decline
rapidly. So the decline was caused by excessive mortality rather than aban-
‘donment of the imperilled habitat, though it should be mentioned that almost
all of the European goose populations at that time were exhibiting a tendency
towards decline. Within 10 years from the introduction in 1950 of bird preser-
vation laws in the Barycz valley the goose population there was back to normal.

The facts described above, together with the data presented in this study
(Table 16) concerning losses in the process of reproduction, which although
as high as 61.7 % permitted the maintenance of the goose population at a high
and stable level, justify the hypothesis that it is the mortality of breeding geese
rather than the rate of breeding success that is the decisive factor atfecting the
stability of the population.

Despite the discontinuation of pressure from man, the goose population,
after attaining a level similar to that before the war, stopped rising, or if there
were any rises they occurred as a result of geese settling on unoccupied ponds
or on ponds that had not been utilized to the full. For example, such a level
was attained by that part of the population which was breeding in fish-pond
complex no. 4. Thus, there must have existed some kind of a limiting factor.
It seems that this factor was food, the availability of which was limited during
an important period in the life of geese as a result of pressure from terrestial
predators. The period concerned is the time of raising young until iledging.
On the average this period lasted for 55-65 days and coincided with the moult-
ing season. Throughout the whole period the local geese would never leave
their ponds (apart from possible changes of residence), despite the fact that the
nearby meadows and fields offered an abundance of suitable food. There could
be only one reason for this behaviour — the danger involved in leaving the pond
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was too high to take the risk. If one notes that both the adults and the young
were unable to fly during that period and that the area surrounding the ponds
was haunted by numerous terrestial predators dangerous to the life of both
goslings and adult geese (see page 204), the reluctance to take the risk seems
to be justified. Thus, the limited availability of food in the ponds and along
their dams during the period of rearing young seems to be one of the main fac-
tors limiting the population to a certain size. There may have been other fac-
tors, but the lack of nest-sites certainly was not among them.

A possible excess in the number of geese that resulted from this situation
may have been the initial cause of the appearance of breeding geese on water
bodies outside of the Baryez valley. This view is supported by the observation
of several new breeding sites in the Slgsk and Wielkopolska regions (GROMADZ-

KI and WIELOCH 1983).

Clutceh size

The mean clutch size in particular seasons was relatively stable, ranging from
4.9 to 5.6 eggs. However, the observed differences were found to be statisti-
cally significant (page 195). Relatively small means were noted in 1972 and 1976.
The weather conditions (mainly temperature), which affect the growth of gra-
mineous plants constituting the staple food of the local geese before the start
of egg laying, were best in the 1974 season, worst in 1976, and more or less the
same in other seasons. If the availability of food just before the start of egg
laying had had an effect on clutch size (LACK 1967), then the lowest mean would
have occurred in 1976, the highest in 1974, and in the remaining years the means
would have been intermediate and more or less the same. However, with the
exception of 1976, this was not so (see Table 4).

Also, no distinct relationship was observed between mean clutch size and
time of commencement of egg laying. One can see this by comparing the means
in Table 4 with the egg-laying curves on Figure 4. Such a relationship, consi-
sting in the fact that the later a given population commences egg laying the
smaller is the mean clutch size, has been reported in Czechoslovakia (HUDEC
and Kux 1971). No relationship of this kind was seen in a Scottish goose popu-
lation (NEwWTON and KERBES 1974), although the time of commencement of
nesting did have a significant effect on the final breeding success.

Thus, in the population investigated the mean cluteh size was found to be
unaifected by the weather, mean temperature or time of commencement of the
nesting season. It is possible that the differences noted in different seasons
were affected by the magnitude of bodily energy reserves accumulated by the
females at wintering grounds. This factor has a considerable effect on clutch
size, e.g. in geese breeding far in the north (RYDER 1970, NEwTON 1977).

According to Copy (1966), the size of clutches has evolved depending on the
stability of the habitat: the more stable the habitat the smaller the cluteh size.
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Stability decreases with increasing latitude. The available data concerning this
problem are presented on Figure 6. Although one cannot perform statistical
tests on this material, the picture obtained throws doubt upon the validity of
this hypothesis in relation to the grey-lag goose.
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Fig. 6. Mean clutch-size of the grey-lag goose in relation to latitude.

Data after: 1 — KRIVENKO 1970 (Volga Delta); 2, 3 — HUDEC and KUX 1971 (southern Moravia, southern
Bohemia); 4 — present paper (western Poland); 5§ — NEWTON and KERBES 1974 (Outer Hebrides, Scotland);.
6 — PAAKSPUU 1964 (Matsalu Bay, Estonia); 7 — HAARTMAN: in HUDEC and ROOTH 1970 (Finland)..

The importance of egg-size

In members of the Anatinae family, relatively larger eggs are laid by north-
ern species (LACK 1967). This is a result of natural selection. The bigger the
egg the greater the energy reserve of the hatched chick which is therefore more
likely to survive sudden climatic changes. Young Swedish mallards, which
have a bigger yolk-sac than the English variety, can survive much longer spells
of extremely bad weather (MARCSTROM 1966). Do populations of grey-lag geese
inhabiting different geographical latitudes exhibit a tendency to lay bigger eggs
at higher latitudes?

The parameter used in the comparison was. the mean weight of eggs laid
by different populations. The respective data are given in Table 17. It is seen

Table 17. Egg-size in relation to the latitude

Areas investigated Weight (g) | Authors of studies
Southern Czechoslovakia 164.4 Hupec and Roorm
| 1970
Western Poland 169.9 present paper
South-western Scotland 165.0 YounaG 1972
Estonia 166.6 PAARSPUU 1964
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that there is a slight trend towards increasing egg-size with increasing latitude.
The population discussed in this paper shows a deviation from this tendency,
having the heaviest eggs despite its intermediate geographical location. ‘

Thus the question arises whether larger egg-size always means higher qua-
lity of the eggs. A comparison of the data given by YoUNG (1972) with the re-
sults of the present study shows that it is not necessarily so. In the Scottish
population the mean weight of hatched chicks in relation to egg-size was 79 9,
while in the Barycz valley the corresponding figure was 69 9%,. This means that
despite their smaller size the eggs laid by the Scottish population produced
relatively bigger chicks, ¢.e., their quality was higher.

Breeding success

Predation and abandonment of nests had the greatest effect on breeding
success. The same finding has been reported by NEWTON and KERBES (1974) for
a Scottish population of geese. The efiect of both these factors in individual
seasons was similar, while their combined effect was a little more pronounced
in the first years of the study. I would ascribe the latter finding to my distur-
bing the geese until such time when they became accustomed to my activities.
The disturbances caused by the study could have increased both the pressure
from the hooded crow and the rate of abandoning. Other losses during incu-
bation did not have a significant effect on the rate of nest failures (Table 10, 11).

The losses during the growth of young were relatively small and similar
irom year to year, with the exception of the years 1974 and 1975 when the num-
ber of hatched chicks was relatively high (over 400). This could have induced
certain predators to specialize in preying on geese, so that the initial high hatch-
ing success was subsequently reduced by higher-than-normal mortality of the
young (Table 15).

No significant relationship was noted between breeding success and time
of commencement of the breeding season. NEWTON and KERBES (1974) have
reported for the Scottish population that the sooner the geese started egg laying
the lower was the rate of failures. Owing to the fact that during the period of
study of the Barycz valley population the time of commencement of egg laying
was almost the same every year (with the exception of 1976), the above-mention-
ed relationship could not be detected.

Antipredatory behaviour

The commencement of egg laying coincided with the disappearance of the
ice cover on the ponds. In some years (1963, 1969) the geese would start
egg laying as late as the middle of April (see Fig. 5) only when the ponds were
freed of ice. This coincidence (¢f. Fig. 3) can only mean one thing — that the
existence of the ice cover constituted some kind of barrier stopping the geese
from starting the breeding season. This could not have been caused by the ice
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in the reeds which always melted away later than that covering the open water
(shading by reeds, no waves): the geese would build nests on ice in the reeds
as soon as the ice cover on the open water disappeared. Thus one is led to the
conclusion that the existence of the ice cover enabled terrestial predators dan-
gerous to the life of brooding geese to gain access to their nests, since in the case
of the Baryez population most nests were situated on islets. The local predators
were numerous and varied (see page 198). That the danger was real, was shown
by several instances of killing of brooding geese or even swans on ponds that
were drained. In such a case all the geese nesting on the pond would always
abandon their nests.

If the above supposition 18 correct, then one may say that an important
factor affecting the start of the nesting season for geese in the Barycz valley
was the elimination or at least a considerable reduction of the pressure from
terrestial predators dangerous to the life of geese (by cutting off their access
to nests). Certainly, in addition to this there were other factors, e.g. availability
of the right kind of food necessary for the production of eggs (NEWTON and
KERBES 1974), but the collected data was insuificient to analyse this problem.

In my opinion, the way of situating the nest and particularly its construo-
tion are in themselves characteristic of antipredatory behaviour in the sense
that the life of the brooding goose should be saved, even at the cost of its eluteh.
The clearing of reeds around the nest may be interpreted in terms of collecting
material for the nest. However, in most cases the amount of material collected in
this way was insufficient and the goose was forced to collect more material else-
where. Why did it not do it right from the start so as not to deprive the nest-site of
its natural concealment? The existence of clear space around the nest may have
been crucial in the case of attack, e.g. by a fox, which would betray itself as
soon as it entered the clear space of water between the nest and the wall of reed
at some distance from the former. If the nest had been situated in dense reeds
the goose would have had to make its escape on foot, for it would not have been
able to take wing, or else its wings would have got entangled in the dense reeds.
The clear space around the nest enabled the goose to take wing straight away
and thus avoid, at least in some cases, being caught by the attacking predator.

Another example of antipredatory behaviour is, in my view, the behaviour
of geese during the brooding period. As mentioned earlier, a considerable number
of cluteh losses was caused by crows. These losses could have been avoided if
the male had stayed at the nest when the female flew to feed (¢f. page 189). How-
ever, the male would always} accompany its partner. One of the reasons could
have been the fear of breaking the bond between the two partners, but in view
of the permanent marital ties in this species it seems improbable. Thus, the more
likely reason for this behaviour seems to be concern for the satety of the female
which had to feed hurriedly in order to get back to the nest before the eggs got
chilled. Pressed for time the female was unable to pay attention to possible dan-
gers. The behaviour of the male accompanying the feeding female showed
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that the former’s task was to watch over the safety of the female. Measurements
made at feeding grounds showed that the female spent 80 9, of the time feeding
and 209, watching the surroundings. The reverse was true of the male — it
spent only 159, of the time feeding. The male made up for this later on when
1t returned to the feeding ground after escorting the female to the nest. In these
observations the brooding bird was taken as the female.

The above-described antipredatory behaviour of geese shows how impor-
tant it 18 for the survival of the Barycz population, if not for the whole species,
to protect not so much the cluteh itself as the life of the reproducing female.
The evolution of behaviour of geese must have proceeded in accordance with
the rules of K-selection (MACARTHUR and WILSON 1967, PIANKA 1970) which
is only possible in a stabilized environment. Living in such a habitat and being
a potentially longlived species the grey-lag goose finds advantage in breeding
only under conditions of maximum safety to the adult bird. With the prospect
of many breeding cycles in the future, the goose can produce more young by
not risking its life and breeding only when the conditions are maximally safe.
This strategy is obviously very effective, as can be seen from the ability of the
population studied to maintain its number at a stable level.

The importance of protection of the grey-lag goose in the Baryez
valley

Losses during the nesting season had the greatest effect on the overall bre-
eding success of the geese. The hooded crow was an important culprit during
that season, as 1t predated both the eggs and the young. Different real or po-
tential hazards resulted in the abandonment of nests by geese, which caused
losses of a similar order of magnitude as in the case of predation. Abandon-
ment of a nest could be caused by both the presence of predators and penetra-
tion of the nesting area by man who, though not doing any direct damage,
was frightening enough for some geese to abandon their nests. It is therefore
clear that the overall breeding success of the grey-lag goose can be improved by
leaving the nesting sites undisturbed and by partially reducing the population
of the hooded crow.

The renovation works that have been going on in the ponds of the Baryez
valley for many years now might, if continued to the end, produce a harmful
effect on the goose population. By comparing the number of geese breeding
in the different fish-pond complexes (Table 1) with the surface area of the ponds
in these complexes (¢f. Fig. 1) one can see that there exists a considerable dis-
proportion in the distribution of breeding pairs in favour of complex no. 4. If
one looks at the condition of the different habitats in these complexes then it
becomes obvious that an important reason for this disproportion has been the
removal of naturally growing reeds, particularly islets of reeds. The artificial
reed-heaps formed as a result of this activity, protruding high above the water,
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were only reluctantly used by the geese as nest-sites and were also characte-
rized by the highest rate of nest failures (Table 14). Thus, if some of the naturally
growing reeds must be removed they should be pushed to form low-profile heaps
protruding less than 1 metre above the water level. With fresh reeds growing
round them, such heaps would be a much safer place to nest on, at least as far
a8 protection from the hooded crow is concerned. This conclusion is based on
observations made on one pond with such low heaps of reeds. Although the
losses there were still high, they were lower than in the case of heaps protruding
high above the water.

The last remark that comes to mind after the several years of observation
of geese breeding in the Barycz valley concerns the spring open season for geese.
In its choice of a nest-site the grey-lag goose is very sensitive to all kinds of
dangers, above all the danger of losing its life. The presence of a human being,
even unarmed, is alone sufficient to frigthen it. If a hunting district is left in
peace in the spring, geese might start breeding there or, if they are already doing
80, their number is likely to rise. The latter situation was observed in pond com-
plex no. 6 which was the only complex within the limits of a hunting district.
After the banning of spring shooting in that complex the number of pairs breed-
ing there started to rise (Table 1).

Thus, the tendency to allow spring shooting of geese in regions where they
are not yet breeding is based on error, that is, if one wants to have breeding geese

on the hunting grounds.
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STRESZCZENIE

[Badania nad populacja gegawy Amnser anser gniezdzace) si¢ w dolinie Baryezy,
Polska.]

Badania przeprowadzono w latach 1972-1977. Populacja gesi liczyla, w roz-
nych sezonach, 280-312 par. Podobna liczebnos¢ utrzymywala sie przez ostatnie
80 lat, a jedyne gwaltowne jej zatamanie, bedace skutkiem nadmiernego po-
zyskiwania gesi i to gldwnie podezas sezonu legowego, nastapito w latach 40-tych.

Populacja zasiedlata 6 oddzielnych kompleksow stawowych (rye. 1), na kto-
rych prowadzona byla hodowla ryb. Najwieksza jej czes¢ gniazdowala w kom-
pleksie stawowym, oznaczonym na ryc. 1 jako no. 4. Plan sytuacyjny tego
kompleksu przedstawiony jest na rye. 2. Ta czes§é populacji, liczgea 122-154 par,
byla przedmiotem szezegélowych badan. Badana populacja byla catkowicie we-
drowna.

Termin rozpoczynania sezonu legowego zbiegal sie z zanikaniem na stawach
pokrywy lodowej (ryc. 3). Gesi gniezdzily sie wylacznie w obrebie stawoéw napel-
nionych woda, najliczniej na wyspach (tab. 2). Wspomniang zbieznos¢ tlumaczy
sie unikaniem przez gesi presji draplieznikow naziemnych (lis, pies, kuna i tchorz),
ktore, w razie istnienia miedzy brzegiem a wyspami trzein pomostu, jakim byt
16d, mogly zagrozié zyciu wysiadujgcych samie.

Skrajne wartosci Sredniej wielkoSei zniesienia wynosily w poszezegolnych
latach 4,9-5,6 jaja, a Srednia za caly okres badan 5,3 jaja (tab. 4). Nie stwierdzo-
no istotnych réznic Sredniej wielkogei zniesienia w zaleznosei od terminu roz-
poczecia okresu legowego w danym sezonie. Srednia wielko$¢ zniesienia malata
w ciggu sezonu z 6,7 jaja na jego poczatku, do 3,5 pod jego koniec (tab. 5).
Zniesienia pochodzace od jednej samicy zawieraly 2-10 (12?) jaj. Prawie wszy-
stkie zniesienia zawierajace powyze] 10 jaj pochodzily od dwoch samie. Nie
zdobyto dowodow Swiadezacyeh o tym, by po utracie gniazda z kompletnym
zniesieniem gesi powtarzaly legi w tym samym sezonie. Srednia wielkos§é jaj
byla stala w réznych sezonach (tab. 7). Nie znaleziono tez roznic Sredniej wiel-
kosei (masy) jaja w zaleznosei od liezby jaj w zniesieniu (tab. 8), a wiec wieksza
produkeja jaj niektorych samic nie odbywata sie kosztem jakosei tych jaj.

Sukces legowy ograniczany byl w stadium gniazdowym dwoma glownymi
czynnikami: drapieznictwem i porzucaniem gniazd (glownym drapieznikiem
byla wrona). Straty kompletnych zniesienn z powodu tych dwoch czynnikow
wyniosty w réznych sezonach 31-53 %, przecietnie 44,29%, (tab. 10). Straty
z powodu zatopienia lub rozmycia gniazda wynioslty zaledwie 0,9 %. Udatno§é
legow byla wyzsza w gniazdach zalozonych na poczgtku sezonu (74,5 %), by
pod jego koniec spasé do 32,79% (tab. 13). W legach udanych, w stosunku do
liczby zniesionych w nich jaj, wykluwalo sie 87,9-94, 19, miodych (tab. 11).
Na niskie straty (przecietnie 9,6 %) zlozyty sie zazigbione 1 niezaplodnione jaja
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(5,6 9%) oraz pojedyncze jaja zniszezone przez wrony (4,09%). W gniezdzie jednej
pary, ktorej leg sie udal, wykluwalo si¢ przecietnie 5 miodych.

Przezywalno§¢ milodych (od wyklucia do uzyskania zdolnosei latania) wy-
nosita 66,5-79,0 % (tab. 15). Straty byly najwieksze w latach 1974 1 1975, kiedy
wyklulo sie najwiecej mlodych. Mogt to by¢ efekt specjalizacji niektéorych dra-
pieznikow, szczegoOlnie latajacych, bowiem wychowywanie miodych odbywato
sie wylacznie w obrebie stawdéw 1 ich grobli, gdzie presja drapieznikow naziem-
nych byla znikoma. Poniewaz gesi z nielotnymi jeszcze miodymi nigdy nie wy-
chodzily na zer na okoliczne pola i 1aki, obfitujagce w tym czasie w pokarm,
przypuszeza sie, ze powodem tego bylo zagrozenie zyecia nielotnych ptakow
ze strony drapieznikow naziemnych. W zwigzku z tym wysunieto hipoteze, 1z
czynnikiem ograniczajacym wzrost liczebnosei gesi ponad pewien pulap, ktory
przypuszczalnie zostal juz osiggniety w kompleksie 4, byla presja drapieznikow,
blokujgca w okresie nielotnosei gesi dostep do zasobow pokarmowych, znajdu-
jacych sie poza stawami.

Produkecja lotnych mlodych, przypadajaca na jedna pare legowa wynosila
przecietnie 2 mlode w sezonie. Zatem produkcja potencjalna realizowana byla
w 38 %.

Zwrocono uwage na niektore sposoby zachowania wskazujgce na przysto-
sowania antydrapieznicze (sposéb budowy gniazda w trzeinach, zachowanie si¢
sameOw i samic w okresie wysiadywania). Swiadezg one, iz strategia legowa
gesi polega na utrzymaniu przy zyciu dorosltej, reprodukujgcej juz samicy,
a nie na wydaniu w danym sezonie potomstwa za wszelky cene.

Redaktor pracy — Przemyslaw Majewski




