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Introduction, aims

The aim of this dissertation is to summarise the results based on the author’s research from the
past 35 years (1984-2019) from the Old Lake, Tata, Hungary (to be referred to as Old Lake)
which is one of the most significant goose wintering sites of Hungary, as well as to reveal the
ecological correlations and critical factors in goose migration and wintering in this region of
Tata. The author explained the relationships from a local, regional and national perspective
(moreover internationally in some aspects) and aimed to determine the land use and nature
protection which are essential to preserving the highly vulnerable Old Lake as a significant
goose wintering site.

MATERIALS AND METHODS

The base of the dissertation is a highly active field monitoring in the past 35 years. Results of
nearly 2,000 monitoring days were evaluated, and the database of the Hungarian Waterfowl
Monitoring (which works within the framework of the University of Sopron since 1984) were
used as well. The author reviews the status of the European and Hungarian population, of 13
goose species occurring in Hungary, analyses the phenology based on 35 years of data, hunting
statistics and ringing recoveries. For the latter, 2,081 data records of 54 Greater White-fronted
Geese (Anser albifrons), 57 Greylag Geese (Anser anser) and 54 Tundra Bean Geese (Anser
serrirostris) between 1961-2018 from Tata and Komédrom-Esztergom County were analysed
from the Bird Ringing Centre Database. Wildlife and game bird management aspects were
discussed based on the annual reports of the National Game Management Database from 1997-
2018, but data of the County Government Office and experienced hunting organisations were
used as well.

Effects of presence of several thousand wintering geese on water quality and nutrient turnover
of the Old Lake were evaluated, partly through laboratory analysis of 65 self-collected faecal
samples - in particular, total nitrogen (TN), total phosphorus (TP) and total organic carbon
(TOC) — and partly through control calculations using specific load indices, known from other
analyses.

Changes of environmental conditions of the Old Lake during the past decades

The 220 hectares Old Lake has a special place among Hungarian and European Ramsar sites
considering its environmental conditions, as it is one of the very few goose wintering sites of
international importance, which is surrounded almost entirely by a human settlement. The pres-
ence of warm karst springs, emerging in the town for centuries (again in recent years) is another
characteristic feature of this site. The dissertation describes the effects of habitat management
forms and tourism on the Old Lake on goose migration.

Water management (lake operations) on the Old Lake is crucial for bird migration. The author
highlights the optimal winter water management ideal for geese wintering on the Old Lake.
During the past 35 years, there were significant changes in the protection status of the lake, as
it was declared regionally protected in 1977, it became a Ramsar wetland in 1989, then it be-
came a Natura 2000 Special Protection Area in 2004. Accordingly, the game management sta-
tus of the lake was changed as well in several steps. After different restrictions over the years,
waterfow] hunting was finally banned on the lake and its surroundings in 1993. Four major
hunting areas in the region (Tata, Mocsa, Dunaszentmiklds, Kocs) shares almost 100% of geese



bag in Komarom-Esztergom County. Although organisational frameworks of fisheries man-
agement have changed several times during the past 35 years, autumn fish harvesting methods
(by hand nets) stayed the same for centuries. Development of the urban density from the 18th
century until the present was considered as a significant environmental factor.
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Figure 1: Location of the Old Lake of
Tata

RESULTS AND DISCUSSION
Analysis of migration ecology of geese gathering on the Old Lake between 1984-2019

The dissertation describes the status of the actual European population and the Hungarian oc-
currences of all (13) goose species and gives a detailed insight into the observations on the Old
Lake and around Tata. Analysis of migration phenology changes in the past 35 years, hunting
statistics of three dominant (all huntable) goose species, as well as other aspects of migration,
known from ringing data, is presented.
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Figure 2: Maximum wintering number of Greylag
Geese (Anser anser) on the Old Lake of Tata
between 1984-2019

Significant phenological changes were experienced in the goose migration dynamics and win-
tering in Tata in the past 35 years, and further changes are to be expected in the future. Climatic
changes in most cases can explain the cause of these phenological changes (e.g. later autumn
arrival, earlier spring leave, almost a month shorter wintering period), but in Tata, migration
and wintering conditions of geese are characteristically influenced by anthropogenic effects as
well. The autumn migration peak increasingly moves towards December, although the migra-
tion pattern varied highly during the past decades. A subchapter reveals the correlations of
significant population changes in just a few days on the lake.
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Figure 3: Maximum wintering number
of Tundra Bean Geese (Anser serrirostris)
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The dissertation highlights the effects of weather conditions (mainly extremes), climate change
and predators, as natural ecological factors influencing goose migration, were highlighted, and
based on several background data, possible effects of earthquakes have also been mentioned.
Besides these, special attention was put on the analysis of anthropogenic effects on the lake,
knowing its unique location. Among the anthropogenic effects influencing goose migration,
hunting aspects, and the more and more pronounced disturbing effect of New Year’s Eve fire-
works were analysed, but water management, lake operation works, different light and noise
effects, disturbances caused by small planes and drones, aspects of fisheries management and
other direct human effects have also been discussed through examples and case studies. Atten-
tion was paid on human-induced landscape transformations on goose feeding areas in the past
decades (new wind farms, industrial parks, roads, gravel pits). The role of these factors on
migration dynamics and local rearrangement of geese have also been discussed.

Migration dynamics connection between the Old Lake and other goose wintering areas
of the wider region

Goose migration at the Old Lake was analysed with wetlands of closer and wider proximity.
Relations of goose migration at wetlands within a 30 km radius to the Old Lake as stable or
occasional goose roosting sites established in the past few years (even decades) were analysed
in detail, (Ferencmajori Fishponds, Asszony Lake, Grébics Lakes, some parts of the Danube).
Special attention was paid to probable or proved migration connections to wetlands in Slovakia.
Migration connections to the wetlands, involved in the Hungarian Waterfowl Monitoring, are
analysed by comparing population survey data from the past ten years: (Lake Fertd, Danube
sections Gonyli-Szob and Gemenc, Eastern-Balaton, Kis-Balaton, Lake Velencei-/Dinnyési-
Fertd, Soponyai Reservoir, Rétszilas Fishponds and the alkaline lakes of Kiskunsag).
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Figure 5: Lakes and fishponds in the Tata area have a special position in terms of wild goose migration
Status of goose species in waterfowl communities of the Old Lake

The effects of goose species, arriving at the Old Lake and staying there for almost half a year,
on the waterfowl community (106 species in 35 years).

The total annual number of 13 goose
R AR st i species occurring at the Old Lake
reached 6.6 million goose-days in
the past 5 years, which represents al-
most two-thirds of the total water-
fowl turnover (10.5 million bird-
days).

Figure 6: Proportions of the main water-
bird groups in the Old Lake Tata be-
tween 2014 and 2018

The Greater White-fronted Goose became super-dominant on the Old Lake during the past
decade with almost 93% all geese Tundra Bean Goose (5%) and Greylag Goose (2%) had
significant total numbers, while the presence of other goose species is hardly detectable in the
total waterfowl turnover of the lake.

Effect of wintering goose groups on the nutrient turnover of the Old Lake

The author did not only analyse the effects of environmental conditions on geese but the effect
of several ten-thousands of geese on the Old Lake as well. A higher number of geese contrib-
utes to the nutrient balance of the lake at an increasing rate, considering the investments on
water quality in the previous years.




Based on an intense goose monitoring and laboratory analysis, it was revealed, that the phos-
phorus load from goose excrement (346 kg/year) represents about 6.02% of the total phospho-
rus load (5,752 kg/year) getting into the lake from other sources (through Altal-ér), considering
the maximum goose numbers of the past 35 years (2.2 million goose-days in winter of
2013/2014). The highest measured nitrogen load by geese (2,719 kg/year), is 2.02% of the total
nitrogen turnover (134,470 kg/year). Similar examinations in the 1990’s calculated a rate be-
low 1% of both components.

Examination of agricultural conflicts caused by goose groups

The majority of geese wintering in the region of Tata is within 20 km of the city. These sites
were discussed in detail. A 45 hectares agricultural land neighbouring lake I'V. of Ferencmajor
Fishponds near Naszdly in 2017, was selected by the author. 4,000-4,800 goose individuals
were observed on the growing winter wheat field between 16-20.02.2017. (96% Anser albif-
rons, 4% Anser serrirostris and A. anser). There were patches of groundwater on the southern
side of the study area, used by the geese for drinking during the day. Geese used mostly these
water spots and the neighbouring areas, where the excrement density was 8-12 pieces/m2 on
25th February, but it reached 14-16 pieces/m2 at some spots as well. The drier middle parts of
the field were less preferred by geese, where the excrement density here was 3-10 pieces/m?2
(average: 7.2 pieces/m2). A site visit carried out two days before harvest (on 11.06.2017.) The
area of spring inland water patches remained bare, but the crop recovered totally from the in-
tense trampling and pecking by geese by the end of winter in winter end, based on the personal
observation (on 11.06.2017.).

Figure 7: Location of the most important wild
goose feeding grounds in the Tata area

These examinations proved the general conclusion that crops recover in spring following the
departure of geese, the pecking makes the crop denser, and the nutrient input from goose ex-
crement has positive effects on the crop. Therefore in total, until the summer harvest, there is
usually no significant economic loss caused by goose feeding.

To reduce damages caused by the significant number of geese wintering in the region, and to
compensate farmers, as well as for for the protection of geese, the dissertation recommends to
adopt the High Nature Value Sites (HNV) Program, mainly in the administrative area of Tata,
Dad, Kisigmand, Kocs, Komarom, Kémldd, Kérnye, Naszaly, Mocsa, Szdkszend, Szomdd, at
significant goose feeding areas.

Regarding agricultural conflicts, the highly pathogenic avian influenza epidemics were also
mentioned in the dissertation, which can even cause hunting restrictions in severe cases.
Though there were smaller avian influenza outbreaks in Europe and Hungary in the past dec-
ade, no waterfowl hunting restrictions were necessary. The outbreak of 2016/2017 significantly



affected Hungary as well (more swan and goose deaths occurred on the Old Lake and in the
region of Tata this winter), but the official veterinarian ordered hunting restrictions only in
Nagykeszi, Slovakia, a neighbouring region to Komarom-Esztergom county, in January 2017.

Recommendations for the preservation of goose populations

It is highlighted that local habitat protection measures can significantly contribute to preserving
the status of a wetland of bird migration importance, which is under the umbrella of an inter-
national convention. The Old Lake, with its highly sensitive status, exposed to several anthro-
pogenic effects, was successfully preserved as an internationally important migrating and win-
tering site, (meeting the criteria of the Ramsar Convention) by nature protection measures and
management practices introduced in the past few years. The dissertation takes into account the
efficiency of nature protection measures introduced so far, and also gives recommendations for
possible further actions on hunting, use of fireworks, water management, light effects of urban
and traffic origin, airspace disturbance, fisheries, direct human disturbances, water and winter
sports.

This roosting site could ensure optimal rest-
ing conditions for geese for a more extended
period as well. Besides, social and publicity
aspects connected to goose migration were
also described in the thesis.

Figure 8: One possible form of artificial reef
system to be developed on Old Lake (A - bird rest-
ing reefs; B — riverbed filled but covered with
shallow water)
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Furthermore, goose protection recommendations, concerning the ongoing and forthcoming
habitat reconstructions on the Old Lake, were also proposed. The establishment of an artificial
reef system was recommended to be made during the planned major dredging works on the
lake.

NEW SCIENTIFIC RESULTS, THESES

I.  The author has revealed, which environmental factors have a major influence on
the migration of geese on the Old Lake. Besides natural ecological factors (e.g. pred-
ators, weather extremities, climate change, earthquakes) the especially great variety of
anthropogenic effects was categorised as well (e.g. hunting, New Year’s Eve fireworks,
water management, lake operation, different light and noise effects, small airplanes and
drones in the airspace of the lake, fisheries management, other direct human disturb-
ances, landscape changes).

II. It was revealed, that definite phenological changes took place in the dynamics and
migration characteristics of wintering geese in the past 35 years, and these should
be expected in the future as well. It was pointed out, that due to the later autumn
arrival and earlier spring departure of wintering geese, the length of the wintering pe-
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riod became almost a month shorter, while and the autumn migration peaks were shift-
ing more and more from November to December, but there are probably shorter (3-5
years) and a longer (20-22 years) cycles in their dates.

The dissertation has revealed the actual European, and Hungarian population sta-
tus of the 13 goose species observed in Hungary and has analysed the role of the
Old Lake in their migration. Tundra Bean Goose (Anser serrirostris) which was su-
per-dominant earlier, has passed this role to Greater White-fronted Goose (Anser albif-
rons). The population of the subdominant Greylag Goose (Anser anser) strengthened,
both in nesting and wintering. New information could be collected about the migration
activity of the three species, through several ringed individuals and GPS trackers. Other
goose species increasingly be seen in Tata, which could notably be the result of a
stronger observation activity.

The author proved the theory that the Old Lake is not the only wintering site for
the goose population of Tata any more, as it plays this role together with other
wetlands of the region. From the 2,000s, an increasing number of geese migrate to
Ferencmajor Fishponds, Asszony Lake, Boldogasszony Lake, Grébics Lakes and sec-
tions of the Danube river near Dunaalmds and Nyergesujfalu. The Old Lake constitutes
the wintering region of Tata with these increasingly stable wintering sites for geese.

The author has examined the migratory connectivity and dynamics of more dis-
tant (within a 150 km radius) Hungarian and Slovakian goose wintering places
and their connection to the Old Lake regarding migration dynamics. Based on the
analysis of the population dynamics within the framework of the Hungarian Goose
Monitoring, and ringing recoveries, a clear migratory connection of varying intensity
can be detected, mostly with western Slovakian (Morva valley) gathering sites, as well
as the Lake Fert0, Lake Velencei/Dinnyési-Fertd, Soponyai Reservoir, Rétszilas Fish-
ponds and the alkaline lakes in Kiskunsag.

The dissertation has revealed, that geese play a dominant role in the total annual
waterfowl communities of the Old Lake. The total annual number of the 13 goose
species once appeared on the Old Lake was 6.6 million goose days for the period of the
last five years, which represents almost two-thirds of the total waterfowl turnover (10.5
million bird-days) of the lake. The majority of this (almost 93%) was the Greater White-
fronted Goose which became super-dominant on the Old Lake during the past decade.
Besides this, Tundra Bean Goose (5%) and Greylag Goose (2%) had significant num-
bers, while the presence of other goose species is hardly detectable in the total water-
fowl turnover of the lake.

The author demonstrated, by calculations and laboratory analysis, how wintering
goose populations contribute to the eutrophication of the Old Lake by their phos-
phorus and nitrogen load. Considering the maximum goose numbers until the present
(2013/2014), the phosphorus load from goose excrement (346 kg/year) represents about
6.02% of the total phosphorus load (5,752 kg/year) washed into the lake from other
sources (through Altal-ér). Considering the highest load of geese (2,719 kg/year), they
responsible for about 2.02% of the total nitrogen turnover (134,470 kg/year).



VIII.

IX.

The dissertation revealed the feeding areas of geese wintering in the region of Tata
and also proved on a selected study area that even several thousands of goose cause
no significant damages in crops. Repeated on-site research No significant damages in
growing winter wheat field (on an almost 70 hectares agricultural land marked out study
area near the Ferencmajor Fishponds), could be detected other than the temporary ef-
fects of trampling and pecking caused by 4,000-8,500 feeding geese for five days in
February. Crops on even the most intensely exposed sites have recovered by the har-
vest. To compensate damages in some instances (on agricultural fields used by a sig-
nificantly high number of geese for weeks or during wet weather) and to minimise con-
flicts, it is recommended to introduce the High Nature Value Sites (HN'V) program for
farmers in the region, especially at the primary goose feeding areas.

The author proved that local habitat protection measures could significantly con-
tribute to maintaining the status of a wetland habitat, which is under the ‘protec-
tion’ of an international convention, as an important bird migration site. To meet
the criteria of the Ramsar Convention and to maintain the status of the Old Lake, which
is exposed to many anthropogenic effects, several nature protection measures (hunting
prohibition, ban of New Year’s Eve fireworks, optimisation of water management,
elimination of airspace disturbance, reducing disturbing effects of fisheries, water
sports and other utilisation types of the lake) were implemented.
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