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Abstract

I studied the rare and threatened lesser white-fronted goose (Anser erythropus), abbreviated LWfG
in 1989–1996 in sub-arctic Finnish Lapland (I). The studied subpopulation consisted of 2–15
breeding pairs annually. A total of 30 broods were observed with an average of 2.9 goslings per
brood. The 1st year survival of tagged 10 geese was low. Satellite locations, recoveries and re-
sightings were received from NW Russia, Kazakhstan and the Azov Sea area. Cold spells had a
negative, and the sum of effective temperatures by 5 July a positive influence on reproduction.
Habitat selection (II) was studied in the same area. LWfG preferred the vicinity of water, flat
close-range landscape, low forest height and intermediate relative altitudes. LWfG aggregated in
the vicinity of conspecifics within the preferred habitats. The averaged RSF model assigned
observation and random points correctly with 83.4% success. Locations of historical observations
of LWfG matched the predicted distribution of breeding sites. (III) Spring migration patterns on
the Bothnian Bay coast of LWfG were examined in 1907–1916 and 1949–2014 and the taiga bean
goose (Anser fabalis fabalis) in 1975–2014. Arrival of the short-distance migrant A. fabalis
advanced more and earlier than the long-distance migrant A. erythropus, 10.9 days since late
1980’s vs. 5.3 days since the beginning of the 2000’s. In the LWfG, the best model for explaining
variation in timing included global and local temperatures, in A. fabalis global and local
temperatures and winter NAO. Increasing global temperatures seem to explain trends in both. In
the spring staging places of the Bothnian Bay almost all dietary items of the LWfG were
Monocotyledons, mostly grasses growing in extensive sea-shore meadows (IV). Only Phragmites,
Festuca and possibly Triglochin palustris were preferred. Lesser White-fronts preferred extensive
natural meadows. Mowing and grazing benefit the restoration of habitats. Genetic structuring of
the LWfG was examined in its whole distribution area from Fennoscandia to East Asia (V). A
fragment of the control region of mtDNA was sequenced from 110 individuals. 15 mtDNA
haplotypes were assigned to two mtDNA lineages. Molecular variance showed significant
structuring among populations: the main western in north-western Russia – Central Siberia, the
main eastern in East Asia and the Nordic one, which earns a status as an independent management
unit.

Keywords: advance of spring arrival, Anser erythropus, Anser fabalis, breeding
schedule, habitat and diet selection, meadow management, population genetic structure,
population patterns, RSF
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Tiivistelmä

Tutkin uhanalaisen kiljuhanhen (Anser erythropus) pientä, 2–15 parin pesimäpopulaatiota vuosi-
na 1989–1996 Tunturi-Lapissa (I). Yhteensä näimme 30 poikuetta, joissa oli keskimäärin 2,9
poikasta. Rengastettujen ja lähettimillä varustettujen kiljuhanhien ensimmäisen vuoden säily-
vyys oli alhainen kertoen kovasta metsästyspaineesta muuttomatkoilla. Paikannuksia ja löytöjä
saatiin Luoteis-Venäjältä, Kazakstanista ja Asovanmereltä. Takatalvilla oli negatiivinen ja alku-
kesän tehoisalla lämpösummalla positiivinen vaikutus lisääntymiseen. Kiljuhanhet suosivat
veden läheisyyttä, laakeaa lähimaastoa, matalaa pensasmaista koivikkoa ja lieviä suhteellisia
korkeuseroja sekä lajin toisten parien läheisyyttä (II). Resurssienvalintamallin havainto- ja
satunnaispisteet osuivat kohdalleen 83,4 %:n todennäköisyydellä ja historialliset havainnot
hyvin mallin ennustamille pesimäalueille. Kevätmuuttoa tutkittiin Perämerellä 1907–1916 ja
1949–2014 kilju- ja 1975–2014 taigametsähanhella (Anser fabalis fabalis) (III). Lyhyenmatkan-
muuttaja metsähanhen muutto aikaistui enemmän ja varhaisemmin kuin pitemmän matkan
muuttaja kiljuhanhen, 10,9 vuorokautta 1980-luvun lopun jälkeen, vs. 5,3 päivää 2000-luvun
alun jälkeen. Kiljuhanhella parhaassa vaihtelun selittävässä mallissa olivat globaalit ja paikalli-
set lämpötilat, metsähanhella myös talven NAO. Maapallon kohoavat lämpötilat selittävät
aikaistumisen molemmilla. Kiljuhanhen Perämeren kevätlevähdyspaikkojen ravinto (IV) koos-
tui yksisirkkaisista, etupäässä heinistä. Kiljuhanhi suosi järviruokoa, punanataa ja ehkä paljon
harvinaisempaa hentosuolaketta. Kiljuhanhi ei ole ravintospesialisti, mutta suosii avarimpia ran-
taniittyjä. Niitto ja laidunnus ylläpitävät elinympäristöä. Maailmankannan geneettistä rakennetta
(V) tutkittiin Fennoskandiasta Itä-Aasiaan. Mitokondrio-DNA:n kontrollialueen pätkä sekven-
soitiin 110 yksilöstä. 15 haplotyyppiä jakaantuivat kahteen päälinjaan. Molekyylivarianssissa
läntisen Venäjän – Keski-Siperian ja Itä-Aasian populaation ero oli merkitsevä. Pohjoismainen
populaatio luokiteltiin omaksi luonnonsuojelubiologiseksi yksikökseen.

Asiasanat: Anser erythropus, Anser fabalis, habitaatinvalinta, ilmastonmuutos,
kevätmuutto, kiljuhanhi, metsähanhi, niittyjen hoito, pesinnän ajoitus,
populaatiorakenne, ravinnonvalinta, resurssienvalintamalli RSF
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Preface  

Conservation research and autoecological studies necessarily need time, and this 

study is no exception, though it might be quite an extreme… This dissertation is – 

without being a monograph - a retrospective account, where I have included, in 

addition to articles that have been published or at least prepared a good time ago 

(IV, V), new articles based on material partly collected a long time ago but 

processed and analysed only recently (I, II), and also a newer one what comes partly 

to data collecting and as a whole to analyses (III). I’m an ecologist and naturalist.  

My friend, the late Eino Merilä, defined a naturalist as ”a person who collects data 

and finally dies off after publishing very little of the material”. I try to expand that 

definition. 

I have been involved in conservation and research work for the threatened 

Lesser White-fronted Goose since 1983, when the Finnish working team was 

established and adopted to WWF Finland, and have later participated in organizing 

Nordic and Eurasian co-operation. 

I have not included here some of the subjects that I was launching and working 

with in the beginning but that have been carried on by other people later and are 

still progressing. Among these are especially the location of migration routes, stop-

over sites and wintering quarters of the main Western (Russian) population, 

obtained using satellite tracking. Nor are included articles of the early captive 

breeding and restocking project of 1980`s-1990`s. Anyone interested in these can 

find relevant references herein.  

I have also participated in field work in the breeding area of the main Western 

(Russian) population in Taimyr, Central Siberia and its migration staging 

concentration area in Kazakhstan, and visited the wintering quarters of the main 

Eastern population in China. I will refer to these areas and populations only briefly 

and concentrate on the Nordic one, except for the article on genetics.   

My main motivation to complete this work has been to analyse and present the 

data that was collected along decades with sweat, sometimes blood (ticks and 

mosquitos!) and luckily seldomly with tears. It would be impossible or at least very 

difficult for younger generations to interpret the incomplete material and notes. I 

also want to dedicate this to all my companions in this work, of whom a number 

have passed away during this time.  
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1  Introduction  

1.1 The Lesser White-fronted goose 

Most Northern Hemisphere goose populations have grown significantly after World 

War II thanks to hunting regulation and increased access to high-quality food 

through the use of farmlands by the geese in winter (Cooke et al, 1995; Madsen et 

al., 1999). Exceptions include the red breasted goose (Branta ruficollis), the lesser 

white-fronted goose (Anser erythropus), hereafter abbreviated as LWfG, the 

emperor goose (Anser canagicus), the swan goose (Anser cygnoid) and a number 

of other East Asian goose populations (IUCN, 2018), and since the 1990´s, the taiga 

bean goose (Anser fabalis fabalis) (Marjakangas et. al, 2015). The reasons behind 

these changes vary, but over-harvesting and deterioration of staging and wintering 

habitats are typically the main causes.  

The LWfG has bred in an area spanning from the Scandinavian mountains in 

central Norway in the west to north-eastern Siberia between the northernmost taiga 

and the tundra (Cramp, & Simmons, 1977; Lorentsen et al., 1999). In Nordic 

countries the typical habitat is the birch and willow zone of Scandinavian 

mountains and in subarctic Lapland. Among the native Sami people of Lapland in 

Finland, Sweden and Norway the LWfG has been well-known and received a 

number of names and nicknames in different Sami languages and dialects such as 

“laavlatšuonja”, the singing goose, by the Inari Sami 

Already more than 100 years ago Einari Merikallio (1920) stressed the 

importance of the Oulu region, especially the isle of Hailuoto, as an important 

staging area along the migration route.  Merikallio (1920) presented early 

information of the occurrence of the LWfG in the Oulu region published as early 

as in the 18th century (Julin, 1792) and published his own data on timing of the 

migration in 1906–1917.  

During the 20th century population numbers fell and the distribution range 

contracted drastically (Norderhaug, & Norderhaug, 1984). The time course of the 

decreasing trend in Fennoscandian LWfG population is not exactly known, but after 

World War II the LWfG has been a rare breeding species in the Nordic countries, 

and apart from the Oulu region it disappeared also as a migrant from former staging 

areas in Finland, Sweden and Norway by 1970 (Soikkeli, 1973; Markkola, 1983; 

Norderhaug, & Norderhaug 1984).  
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Since 1985 LWfG numbers have been monitored on the Bothnian Bay coast, 

on the island of Hailuoto, at the bay of Liminganlahti and in adjacent sea-shore 

meadow areas and fields of the municipalities of Siikajoki and Lumijoki as a part 

of the LWfG conservation project by WWF Finland, supported by the Ministry of 

Environment Finland and Metsähallitus (e.g. Markkola et al., 1998; Timonen, 1999, 

2000; Markkola, 2001b; Markkola et al., 2004; Markkola, 2010; Tolvanen, & 

Karvonen 2017). In 1980´s surveys of the former breeding area were commenced, 

and a small breeding population was found in Finnish Lapland in 1988–1989.  

Already in 1977 In Sweden, Lambart von Essen and the Swedish Hunters` 

Association started a project of captive breeding and reintroduction of LWfG in 

Swedish Lapland using barnacle geese (Branta leucopsis) as foster-parents (von 

Essen1982, 1999; Markkola, 2001c). In Norway, LWfG conservation, survey and 

study work was organized by NOF, BirdLife Norway supported by the Norwegian 

Environment Agency. Nordic co-operation was established on a regular basis in 

1988. In 1994, the international Lesser White-fronted Goose Task Force was 

established under the umbrella of IWRB (the name was changed to Wetlands 

International) and later on AEWA (Agreement on the Conservation of African-

Eurasian Migratory Waterbirds) platform. In Russia and surrounding countries of 

the former Soviet Union the Goose, Swan and Duck Study Group of Northern 

Eurasia has been active and in an outstanding role in mapping the huge breeding 

areas of the LWfG (Morozov, &  & Syroechkovski, 2002). 

Hunting and habitat loss in the staging and wintering areas are considered the 

most important causes for the decline of the LWfG (Markkola, 1983; Norderhaug 

& Norderhaug, 1984; Jones et al., 2008). The most endangered of LWfG 

subpopulations breed in Nordic countries, where a population of c. 10 000 

individuals (Merikallio, 1915; Norderhaug, & Norderhaug, 1984) declined to as 

low as c. 20 breeding pairs left in the first years of the 2000´s (Aarvak et al., 2009). 

The endangered status of the LWfG is widely acknowledged and the LWfG was 

listed in SPEC (Species of European Conservation Concern) category 1 ‘globally 

threatened’ (Tucker, & Heath, 1994). In the 1996 IUCN Red List of Threatened 

Animals, LWfG was listed as globally vulnerable, and is still in that category 

(BirdLife International 2018), except for the European population, which is 

classified as endangered (BirdLife international 2015a) and critically endangered 

in the EU (BirdLife International 2015b). In the EU Birds Directive, the LWfG is 

listed in Annex I of the species that require special conservation measures 

(European Parliament and of the Council of Europe, 2009).  
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1.2 Population patterns and environment 

The breeding success of geese in high latitudes fluctuates markedly (Summers & 

Underhill, 1986). Cyclic fluctuation of the vole density followed by slightly 

delayed fluctuations of predators affects the reproductive success of arctic birds 

(Syroechkovskiy et al., 1991; Angerbjörn et al., 2001; Nolet et al., 2013). The 

common pattern of high breeding success of birds in rodent peak years, and low in 

troughs is explained by the hypothesis of alternative prey (e.g. Lack, 1954; Bêty et 

al., 2001): Predators shift to bird eggs and chicks when the primary prey is scarce. 

Predators may also respond to low mammal densities by migration (Reiter, 2006). 

The breeding success of geese may also be affected by tail- and headwinds 

during the spring migration through variation in body condition (Ebbinge,1989; 

Syroechkovskiy et al., 1991). Conditions in breeding grounds, such as food and 

weather, influence breeding success too (Baranyuk & Litvin, 1989). If snow melts 

late and temperatures are low, a large proportion of geese can give up breeding 

altogether (Barry, 1962; Gauthier et al., 1996; Skinner et al., 1998; Bêty et al, 2001). 

Artic geese are somewhat buffered against local conditions, since they gather 

energy reserves during the  wintering and spring staging (Ebbinge et al., 1982; 

Davies & Cooke, 1983). Some species are capital breeders, i.e. they lay and 

incubate relying largely on prior reserves (Thompson & Raveling, 1987), while 

others like the LWfG use considerable time in feeding in breeding areas. Still, 

conditions in wintering, staging and breeding sites may have carry-over effects 

between seasons. They are events occurring in one season that produce residual 

effects in individuals later (Inger et al., 2010; Legagneux et al., 2011). 

1.3 Breeding habitat selection  

Geese (Anserini) graze nearly exclusively in flocks during the migration and in 

wintering quarters, but they are social also during the breeding season, albeit the 

grade of sociability as shown by breeding units differs much between and in species 

and there can be seen a continuum from colonial to separated breeding pairs. Snow 

geese Anser caerulescens are famous for close-packed colonies (e.g. Cooke et al.,  

1995) and Ross´s goose Anser rossii (Jónsson et al., 2013) and the barnacle goose 

Branta leucopsis (Owen, 1997) can be included in the same group. Pink-footed 

geese Anser brachyrhynchos can form larger or smaller - and looser - colonies 

(Madsen and Fox, 1997). The brent goose Branta bernicla (Spaans et al., 1993; 

Hötker, 1995) and the red-breasted Goose Branta ruficollis (Rogacheva, 1992; 
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Hötker, 1995) form small loose colonies. Species that breed as separated pairs but 

which can form loose colonies are, according to the literature, the emperor goose 

Anser canagicus (Kistchinski, 1971; Frazer & Kirkpatrick, 1979), the white-fronted 

goose Anser albifrons (Rogacheva, 1992; Hötker, 1995; Mineev & van Impe, 1997), 

the tundra bean goose Anser fabalis rossicus (Reeber, 2015). In the Canada goose 

Branta canadensis and the cackling goose Branta hutchinsii, both with a number 

of subspecies, there is a lot of variation from dense colonies of B. h. hutchinsii 

(Norment et al., 1999) and colonies of B. canacensis fulva (Palmer, 1976) to loose 

colonies and lonely pairs (Reeber, 2015). Most data available about geese breeding 

grouping are from arctic maritime environments and information from inland and 

sub-arctic areas and northern taiga zone is scarce. This is the case with the LWfG 

and the taiga bean goose (but see Pirkola & Kalinainen, 1984), which mostly breed 

in continental areas of Eurasia.   

Habitat selection of the LWfG was studied earlier in the same study area and 

by the same team as here in sub-arctic Fennoscandia (Friberg, 1997). A minimum 

distance of about 20 km from the nearest roads and resident houses was typical for 

LWfG breeding places. A landscape heterogeneity higher than the average 

correlated positively with LWfG areas. Two fen plant species, which have been 

identified earlier as dietary species of geese (Reed et al., 1996, Lorentsen et al., 

1999) correlated with the occurrence of the LWfG: Triglochin palustre in spring 

feeding places and Carex rostrata in brooding areas (Friberg, 1997).  

The distribution of LWfG breeding territories in relation to other conspecific 

pairs and to the sympatric taiga bean geese, has not yet been studied. Here we 

concentrate on  this question, but also include basic habitat features in the analysis 

to be able to reliably separate the influence of the physical environment and that of 

other geese of the same and neighboring species in the habitat selection by the 

LWfG. 

1.4 Climate change and consequences to migratory birds 

During the last decades, temperatures have increased in temperate and cold regions 

especially in winter and spring (Houghton et al., 1996; IPCC, 2014): There are 

numerous studies showing that this has influenced the arrival and departure of 

migratory birds, their breeding schedule, and species’ breeding or wintering ranges, 

especially in winter and spring. Many migratory bird species have reacted by 

advancing their arrival and/or egg laying. (e.g. Lehikoinen et al., 2004; Murphy-

Klassen et al., 2005; Virkkala & Lehikoinen, 2014). 



23 

It has been commonly thought that short-distance migratory birds that arrive 

early to their breeding areas in the temperate zone adjust their migration timetables 

flexibly according to weather conditions as conditions of wintering quarters 

correlate well with those of the breeding areas (e.g. Lehikoinen et al., 2004; 

Rubolini et al., 2007). ). On the other hand, long-distance migrants breeding in high 

latitudes are suggested to be less flexible, since they use day length, rather than 

weather conditions, for timing of their migration (Both & Visser, 2001). These 

opinions have been questioned by e.g. Jonzen et al. (2006) who showed that (at 

least some species of) long-distant migrant passerines advanced their arrival more 

than short-distant migrants in NW Europe. 

In addition to local temperatures, large scale weather phenomena have been 

used as predictors of migration patterns of birds, in Europe most commonly the 

NAO, North Atlantic Oscillation (Hurrel, 1995). Positive NAO index values mean 

strong westerly winds and mild winters which advance avian spring migration. 

Rainio et al. (2006) found that most of the 75 studied species reacted this way to 

NAO indices.  

The LWfG and the taiga bean goose, which both stage on the Bothnian Bay 

coast of Finland, represent (medium to) long-distant and short-distant migrant 

species, respectively. The Fennoscandian population of the LWfG winters in 

southeastern Europe in Greece and adjacent NW Asia (e.g. Øien et al., 2009), while 

the taiga bean geese winters in southern Sweden and Denmark (Nilsson et al., 1999; 

Nilsson 2011). The length of the spring migration route of the LWfG is at least 3000 

km and that of the taiga bean goose 1000–2000 km.  

1.5 Diet and habitat selection during staging 

One fundamental need in planning conservation measures for a threatened 

migratory bird species is an understanding of the habitat selection and diet in 

staging areas. In particular, can an understanding of these be of benefit to the LWfG 

in these areas? Depending on the migration patterns and phenology of a particular 

bird species, conditions on the wintering quarters, in spring-staging places and in 

breeding areas contribute in varying degrees to the ultimate reproductive success 

of a population (e.g. Nilsson, 1979).  

In northern breeding, long-distance migrating geese as the LWfG, the feeding 

conditions at staging sites are important (Ebbinge et al., 1982, Prop and Deerenberg, 

1991). The female geese acquire energy stores in spring-staging areas before 
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moving to the breeding places, where very little food is available during the egg 

laying period (Chudzinska et al., 2016). 

1.6 Population genetic structure 

Information about potential local adaptations and ecotypes are particularly relevant 

in determining management actions (e.g. Crandall et al., 2000), but preservation of 

genetic lineages created by isolation even without divergent selection also has value 

(e.g., Moritz, 2002). Reliable ecological data can be difficult to achieve in 

threatened species e.g., due to small numbers of individuals or remote and large 

distributional areas. This is the case with the LWfG. Adaptive responses to selective 

pressures often have a polygenic basis (Lande, 1981), which is difficult to assess 

directly. A strong correlation between measures of differentiation at quantitative 

traits and neutral markers suggests, however, that neutral markers may provide an 

indicator, albeit conservative, of a population subdivision also for adaptive traits 

(Lynch et al., 1999; Merilä & Crnokrak, 2001).  

We analysed the mtDNA control region variability in the LWfG from breeding 

and non-breeding areas to reveal population genetic structure, gene flow and 

conservation units. Little genetic differentiation within the species might be 

expected due to the recent colonisation of the northern breeding areas and a lack of 

pronounced geographical differentiation in morphology (Cramp & Simmons, 

1977). Furthermore, a good dispersal ability and possible mixing of individuals 

originating from different breeding areas in the wintering and migration staging 

quarters  where pair formation of adults presumably takes place, as has been shown 

in the Greenland white-fronted goose (Warren & Fox, 1992) and Canada goose 

(Raveling, 1969), are also factors that should lead to low levels of differentiation.  

The timing of pair formation within the annual cycle may vary in different age 

groups. In the LWfG, the second calendar-year birds arrive in association with adult 

pairs to a pre-breeding staging area in late May (Aarvak & Øien, 2001) at which 

time they are isolated from other breeding populations. Most of the young birds 

will then form pairs with other two calendar-year birds or single adults. This means 

that the potential of mating with birds from other breeding areas is restricted to 

remating of adults or subadult birds during migration periods and wintertime. 

Similarly, the initial pair formation of young barnacle geese predominantly occurs 

in the spring (Owen et al., 1988). The pair bonds of geese are considered to be both 

monogamous and long-lasting. Forslund and Larsson (1991) found that about 90% 
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of the barnacle goose pairs remain together from one breeding season to the next 

and that most of the mate changes are a consequence of death of the partner.  

Some genetic differentiation could also be predicted based on patchy 

distribution within a large geographical range, isolation by distance and female 

natal philopatry (Greenwood, 1980). In eastern Taimyr, there is a migratory divide 

in a number of species (Berthold, 1993), and migratory directions of adjacent 

populations differ (Rogacheva, 1992; Syroechkovsky 1996) and species are split 

into eastern and western distributional areas. There are also habitat differences 

between the western and eastern breeding areas of the LWfG (Karvonen and 

Alhainen, 1998; Øien et al. 1999a; Morozov, 2000; Syroechkovsky, 2000; 

Romanov, 2001; Mineev & Mineev 2004) suggesting that adaptive differences 

potentially exist.  

1.7 Aims of the study  

The aim of this study project is to analyse the ecology and conservation problems 

of the threatened LWfG and to produce conservation suggestions to enable the 

recovery of the species, especially its Fennoscandian subpopulation. 

Soulé (1986) and Harwood (1992) state that conservation activity proposals 

should be based on a population viability analysis (PVA), which is built on a 

number of specific studies on autecology of the species, e.g. social and genetic 

structure, habitat selection, population structure: the number of individuals, 

distribution, age structure, sex ratio, frequency of breeding, possible 

metapopulation structure, demography as production and mortal rate and sources 

of mortality. Many of these aspects are included in this thesis, albeit a considerable 

amount of other LWfG material of mine has been published or used in other forums 

such as national and international management plans for the LWfG (e.g. Jones et 

al., 2008; Ympäristöministeriö, 2009; Markkola & Lampila, 2009).  

In article I, the aim was to elucidate ecological and environmental factors 

possibly influencing reproduction success of the LWfG in a small population. We 

hypothesized that the breeding success and population size of LWfG could be 

related to alternative prey dynamics of local predators, annual variation in weather 

conditions and phenology, and disturbance caused by reindeer herding and human 

intrusions.  

In article II we tried to find answers to the questions: (1) What are the 

environmental characteristics that explain the breeding site use in the LWfG in 

Finnish Lapland? (2) What is the effect of other breeding conspecific pairs and the 
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sympatric taiga bean goose territories to the breeding distribution of the LWfG? (3)

How much suitable breeding habitat is there in sub-arctic Finnish Lapland for the 

LWfG? (4) How does the predicted breeding habitat distribution of LWfG match 

the locations of historical observations since 1800’s? How does this match the 

historical population estimates of the species? 

In article III we investigated the following questions: (1) has the migration 

schedule of LWfG and the taiga bean goose advanced during the time period from 

which data are available, and is there a difference between the two species in (2) 

timing and (3) magnitude of the advance. The fourth question was, (4) how well do 

global, European and local spring temperatures and NAO explain the possible 

advance in the timing of goose migration.  

Article IV aims to reveal diet and habitat preferences of the LWfG on the 

Bothnian Bay coast during spring staging. The results were applied to 

recommendations for management planning of the coastal meadows along the 

Bothnian Bay, with particular emphasis on recommendations for management of 

mowing or grazing. 

Article V aims to elucidate  the genetic structuring of the LWfG in its entire 

distribution area from Fennoscandia to East Asia to determine possible 

evolutionarily significant units (ESU) or management units (MU) (Moritz, 1994, 

2002). This also gives basic arguments to evaluate possibilities to use different sub-

populations, including captive-ones, for re-stocking or re-introduction.  
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2 Material and methods 

2.1 Study Area 

The breeding biology data of the LWfG (I) was collected in subarctic Lapland  

69º30' -70º N in an area of 250 km2 in 1989–1996. The area is tundra-like with 

gently sloping low fjelds, treeless heaths, numerous mires including rich fens, 

spotted with a great number of lakes and ponds. In the habitat selection study (II) 

the scope was the whole of sub-arctic Finnish Lapland 

Advanced spring migration (III) and diet selection (IV) were studied on the 

Bothnian Bay coast near the town of Oulu in the traditional northernmost staging 

area of the LWfG. The study areas were south of the breeding areas, on the isle of 

Hailuoto, in  the Bay of Liminganlahti and its surroundings and in the muncipality 

of Siikajoki between the two first named areas, 63º45'-65º07'N, 24º30'-25º30' E 

(Fig. 1). In the phenology study (III) the area of old LWfG observations was larger 

than nowadays, reaching from Pyhäjoki in the south to Ii in the north, 64º20'-65º30' 

N, 24º – 25º 30' E. The most important staging areas of the taiga bean geese reach 

from the eastern parts of the municipality of Siikajoki via Lumijoki and the Bay of 

Liminganlahti to the large cultivated area in municipalities of Liminka, Kempele 

and Tyrnävä as far east as 25°42'.  

The staging places on Bothnian Bay coast, where the diet of the LWfG was 

examined (IV) are characterized by flat topography and extensive sea-shore 

meadows. The sampling area for LWfG staging meadows and references extended 

from Kalajoki, 64°15 'N, 23 45 E, in the south to Kuivaniemi (nowadays a part of 

the municipality of Ii), 65°30' N, 25°15'E, in the north. The diet (excrement) 

material and plant tissue references were collected in one place, Tömppä meadow 

on Hailuoto, where practically all LWfG were staging in the late 1990´s.  

For the phylogeography work (V) LWfG samples covered the whole 

distribution area of the species: Norway (from Nordland to Porsangerfjord, 

Finnamark, 66°30' N, 15° E  N - 70˚09', E 24º54), Finland (Lapland as in I, II plus 

museum samples from the Bothnian Bay coast), Russia (Bolshezemelskaya Tundra 

67°N, 60° E, Yamal Peninsula 67°N, 70°E, forest-tundra of the Taimyr Peninsula 

in Central Siberia 72°N, 96°E, the steppes of NW Kazakhstan (the major staging 

area of the main western population in Kustanay oblast, c. 52°N, 63°E) and China 

(the major wintering quarter of the main eastern population at Dongting Lake, 
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Hunan province, 29°N, 113°E). In addition one individual was sampled from 

Shabla Lake, Bulgaria (43°34' N, 28°33' E).  

 

Fig. 1. Study area of spring migration (III) and LWfG diet selection (IV) on the Bothnian 

Bay coast, Oulu region.  
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2.2 Population patterns and environmental variables in breeding 

sites 

2.2.1 Geese 

We mapped breeding pairs and other LWfG (I, II) and bean geese (II) from late 

May to June in 1989–1997 (and later) and scanned broods in July to August. Seen 

LWfG were identified as adult pairs, adult males or females, single adults or 2nd 

calendar-year birds using identification criteria given e.g. by Øien et al. (1999b). 

Some less well seen birds were determined as +1cy. Birds were scored as breeders 

or non-breeders according to their behavior. To avoid disturbance and increased 

nest predation, we did not try to find nests but instead measured reproductive 

success according to numbers of broods and goslings. Broods were scanned from 

higher points on hillsides using telescopes to avoid disturbance.   

The gosling age (range 0–38 days) was determined (I) by their size and growth 

curve as described by Cooch et al. (1999). The laying and hatching dates were then 

back-calculated assuming one day laying intervasl and an incubation time of 26 

days (Markkola et al. 1998). 

Two LWfG males were satellite-tagged.Their mates and 6 goslings of two 

broods were ringed with metal and collar color rings during the molt of the parents 

and before fledging of the chicks. 

2.2.2 Environmental Variables 

We measured and estimatedand the following variables:  

1. Staging phenology. Phenology in terms of date (in May) of the main staging of 

the LWfG on Bothnian Bay coast (Markkola, 2010).  

2. The sum off effective temperatures (above +5 °C) by 5 July (typical hatching 

date, Finnish Meteorological Institute, Ilmatieteen laitos 1989–1996).  

3. Annual date of ice melting in the same large lake in the center of the breeding 

area 1989–1996. The name of the lake is kept secret for conservation reasons. 

It can be provided by request.  

4. The occurrence of cold spells (period of frost and heavy snowfall) in June.  

5. The emergence date of mountain birch leaves (budding, days of June).  
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6. Small mammal biomass in snap-trapping (g/km2) and bird egg biomass (g/km2). 

The latter was based on bird censuses, mean clutch sizes and egg mass 

information. Further details are in I. 

7. Raptor abundance. Abundance of realistic avian goose predators (pairs/km2).  

8. Fox density. (individuals/survey km2).  

9. Taiga bean goose abundance. Abundance of the taiga bean goose was measured 

by similar methods as in the LWfG.   

10.  Reindeer disturbance. Abundance of reindeer (reindeer units /observing km; 

adult = 1 unit, calf = 1/3, moving average).  

11. Human disturbance. Intensity of human interference caused by hikers, 

herdsmen and ourselves (“man-days” = number of people according to cabin 

visitor books plus our own field days). 

2.2.3 Statistical methods 

Firstly, we associated variables describing the abiotic and biotic environment with 

LWfG reproductive variables by using Pearson correlation analysis. In the next 

phase we applied linear models for finding the most important variables explaining 

the variation of LWfG reproduction rates. Some explaining factors correlated with 

each other, and thus, collinearity was taken into account when building the linear 

models. The phenological and ecological factors affecting the gosling production 

of LWfG were studied using linear mixed model analysis by function gamlss 

(package ‘gamlss’, R Development Core Team, 2016 ), with a  negative binomial 

error distribution (NBII) as this fitted better than Poisson distribution. To test 

seasonal clutch size variation we also used the generalized linear mixed models 

(function ‘glmer’ in package ‘lme4’, R Development Core Team, 2016), where the 

number of goslings was the response variable and the date of the laying of the first 

egg the explanatory variable. The dates were year-standardized determining the 

average as zero and the standard deviation to be 1. Possible variation in gosling 

number between years was considered by assigning the year as a random variable. 

As the response variable was a count variable, we used Poisson distribution for the 

dependent variable. 

2.3 Breeding habitat selection 

We studied habitat selection of the LWfG 1989-1995 in the sub-arctic vegetation 

zone c. 69º30' -70º N in Finnish Lapland. The area was the same as in Friberg (1997) 



31 

and the LWfG population structure article (I) by Markkola and Karvonen (2020), 

but here we expanded the area to include the potential LWfG habitats and historical 

occurrences in all sub-arctic parts of Finnish Lapland. The LWfG sub-population 

concerned was the only one found in large scale inventories covering an area of c. 

6000 km2 in 1984–1999 carried out by the LWfG working team of WWF Finland 

and the EU-Life Project “Conservation of the Lesser White-fronted Goose (Anser 

erythropus) population in Finland” (Markkola and Timonen, 2000). The area is 

located near the northern border of the breeding zone of the taiga bean goose.  

Breeding site locations were mapped with an accuracy of ≤100 m in late May 

to June in 1989–1995. Geese were classified as adult breeders or immatures (2cy) 

according to behavior and plumage and only observations indicating breeding in 

the vicinity and only one location per one breeding goose pair (territory) was 

included in the analysis.  

A total of 65 territories of breeding LWfG and 57 of taiga bean geese were 

located. The annual number of breeding territories of the LWfG was 2–15 and in 

the taiga bean goose 1–14. The same number of random points per year (n=65) 

were cast within the same area. The same numbers of observation and random 

points enable unbiased testing whether the distance to nearest conspecific affected 

breeding site selection. The inter-specific attraction was tested with the 

corresponding analysis.  

The geographic information analyses (GIS) were carried out with the program 

QGis (https://www.qgis.org/fi/site/) by using open access data sets. The following 

environmental explanatory variables were constructed for each point or buffer area: 

(1) distance to the nearest water, (2) distance to the nearest fen, (3) forest height, 

(4) relative altitude in the buffer area (radius 500 m), (5) slope (%), (6) distance to 

the nearest conspecific breeding site, calculated separately for each year and each 

pair, (6) distance to the nearest taiga bean nesting site. LWfG generally arrived at 

the breeding grounds later, and the breeding schedule was more than two weeks 

later than in taiga bean geese. That is why we studied locations of LWfG territories 

in relation to bean geese and not vice versa.  

The resource selection functions (RSF) describing breeding habitat selection 

were constructed by using the function ‘glm’ in the R-package ‘stats’ (Bates et al., 

2015). The variation in the binary response variable (1 = observation point vs. 0 = 

random point) was explained first with a full model including all explanatory 

variables. VIF-analysis was applied to control for multicollinearity among 

explanatory variables with the threshold value of 2. We used the ‘dredge’ function 

in R-package ‘MuMIn’ (Barton, 2009) to find the best model or model set. In all 
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analyses we obtained several models within 2 AIC-units, and therefore, we used 

model averaging. The effects of the most important variables on breeding habitat 

selection were graphically described by using the model averaged results based on 

conditional averaging (Grueber et al., 2011). The effect of each variable per se on 

predicted habitat use was plotted while keeping the other explanatory variables at 

their mean values. The same conditionally averaged parameter estimates were used 

for constructing the predictive raster maps describing suitable breeding sites for the 

LWfG in sub-arctic Finnish Lapland.    

Model performance was tested via k-fold cross-validation (Picard & Cook 

1984). The whole data of observation and random points was divided into eight 

annual subsets (1989–1996). They were randomly assigned to five groups, and four 

groups were used for predicting the habitat use of the fifth group. The model 

success was measured as the Area Under Rock Curve (AUC). The hit accuracy of 

the raster maps was also tested visually using 63 known LWfG breeding places 

(breeding pairs or broods). This data was collected from observations of the first 

Bird Atlas of Finland in 1974–1979 (Markkola, 1983), from interviews among local 

reindeer herdsmen fishermen etc. by Antti Karlin for the LWfG team of Finland in 

1984, 1985 and 1988, from the basic survey of Lapland by the LWfG team 1984–

1993 and the EU-Life LWfG project in 1997–1999 (Markkola & Timonen, 2000) 

and according to literature dating back to the year 1913.  

2.4 Phenology and climate change 

Historical spring observations of the LWfG in the Oulu region by Merikallio (1920) 

in 1907–1910 and 1912–1916 (9 years) were listed and daily observed numbers of 

LWfG were pooled between years. Altogether 29 observations of ca. 1100 LWfG 

individuals were found (III). 

In addition, we monitored the numbers in 1985–2014 in the same area as 

Merikallio. We used the daily sum of LWfG in all meadows and fields of the staging 

area. The sum of daily numbers is in goose-days, i.e. daily numbers are put together 

without taking into account whether individuals in different days were the same or 

not. The total sum for 1985–2014 was 4529 goose days. 

We also made a questionnaire to bird observers who were active in the 1950´s 

and 1960´s (Table 1 in III). In addition, two published observations were found. 

For the period of 1970–1984, i.e. until the establishment of the observation 

schedule of the LWfG group of WWF Finland, we listed unpublished observations 

by Elja Herva (an unpublished manuscript in 1980 and additional observations), 
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Juha Markkola, Antti Rönkä and Hannu Salonen and those accepted and published 

by the Finnish Rarities committee of Birdlife Finland 1975–1984 and the Regional 

Rarities Committee of the Ornithological Society of Northern Ostrobothnia in 1985. 

In the LWfG, the dates of the first observation and the 10th, 25th, 50th, 75th 

and 90th percentiles of the observations and the last observations (100%) were 

counted for each decade and for the whole study period.   

The possible advance of spring arrival was calculated using to the average 50th 

percentiles between six 4-year periods in 1907–1984 and between consecutive 5-

year periods in 1985–2014 (see III). Because observing was not systematic and 

effective before 1985, we first examined and compared pooled material of the 4-9 

year periods (Table S1in III) rather than single years. Because sufficient annual 

material was nevertheless available from the beginning of the 1970´s, we studied 

the period of 1975–2014 also on an annual base to enable modelling and 

comparison to the bean goose. 

The taiga bean goose data were analyzed in a 40-year period of 1975-2014 with 

data from one year (1976) missing. We collected data of migration peak dates 

published in the ornithological journal by the Ornithological Society of Northern 

Ostrobothnia (Aureola) (Table S3 in III) and in Pöyhönen (1995) and also used the 

observation database “Tiira” (BirdLife Suomi 2016, Table S2 in III). 

For studying relationship between the climatic factors and migration we used 

global and European temperature data, and local temperature data of the staging 

areas (Oulu area, Finland; Estonia; southern Sweden). The Finnish data was 

provided by the Meteorological Institute of Finland. Temperature data for Estonia 

and Southern Sweden were obtained from KNMI Climate explorer (KNMI, 2016). 

The global and European temperature data was downloaded from the HadCRUT4 

database Climatic Research Unit, University of East Anglia, see Morice et al. 

(2012). HadCRUT4 provides mean temperature anomalies from the average level 

in 1961–1990, and these are supposed to reflect long-term temperature changes 

more reliably than the original temperature measures (for details, see Kennedy et 

al., 2011). NAO indices were supplied by the Climate Prediction Centre (NOOA, 

2016). 

The effects of springtime (March-May) mean temperatures at different 

geographical scales (global, European, local) and NAO (winter: December-March, 

winter-spring: December-May) on the timing of the migration (date of the 50% 

percentile of arrived individuals) were studied by applying linear regression models 

(R-function ‘lm’ in package ‘stat’, R Development Core Team, 2016). To avoid 

multicollinearity we applied Variance Inflation Factor (VIF) analyses to select for 
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uncorrelated sets of explanatory variables. The final models were achieved with 

stepwise AIC-based procedure (R-function ’step’ in package ‘stat’). The best 

models were presented as prediction graphs (R-function ‘predict’ in package ‘stat’) 

against observed data. 

2.5 Staging habitat quality and diet 

2.5.1 Habitat 

Our working hypothesis was that LWfG staging along the Bothnian Bay prefer the 

widest coastal meadows. To test this the 9 meadows used by LWfG during the last 

10 years were compared with 20 randomly sampled meadows throughout the 

Bothnian Bay coast. Latitude and longitude co-ordinates of 20 points were 

randomised and the nearest meadow to each was included in the sample. For each 

meadow its width was measured based on map data (IV). Under conditions 

prevailing throughout the Bothnian Bay this equates to the geolittoral zone (Siira 

1970). The hydrolittoral zone between the (average) sea level and the lowest water 

level was roughly measured by determining the distance between the shoreline and 

the dotted line on the maps showing ca minus one metre under the average sea level. 

The difference in the width of the geolittoral and hydrolittoral zones was then 

compared between LWfG staging places and the reference meadows (IV).  

2.5.2 Determining diet 

A non-invasive method to determine diet of threatened species is based on  

fragments of plant epidermal tissues in faecal pellets. This method was originally 

developed and tested by Stewart (1967), studying mammal grazers in East Africa. 

Owen (1975) tested the applicability of the method in geese, and it was also 

discussed in detail by Bhadresa (1986). The faecal method has been widely applied 

in diet selection studies in other goose species (Owen, 1976; Buchsbaum et al.; 

1986; Madsen & Mortensen, 1987; Prop & Deerenberg, 1991; Spilling et al., 1994). 

We collected 200 LWfG droppings (maximum number of individuals 31), that 

can be separated from other waterfowl droppings by their shape and size (IV), in 

late May from staging sites after the LWfG had continued their migration 

northwards. Dropping were dried at room temperature and ground for microscopic 

examination.   
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To enable identification of different plant species in droppings, we collected 

reference material using the method described by Metcalfe (1960) without staining. 

Reference samples were photographed using a microscope-camera combination. 

Plant epidermal fragments in goose droppings were compared with the reference 

samples.  

We sampled half of the dried droppings and ground them. Then we mixed the 

sample and a 1/10 sub-sample was diluted in ethanol. After incubation, a 1/5 sub-

sample was transferred to glycerine on a slide. Following Owen´s (1975) 

instructions the sample was spread under the cover glass. Using the point-quadrat 

method (Owen, 1975; Bhadresa, 1986) we identified plant fragments in droppings 

and logged these according to species or taxon and the type of tissue concerned. 

Leaves and leaf sheath epidermis tissues were divided as upper and lower epidermis, 

enabling identification of one or both in any one fragment. Altogether 2000 

observations were made, 20 of each dropping. 

Some structural features in the epidermal cells of a number of species 

complicate identification. For example Festuca rubra and Calamagrostis stricta 

can only be separated by the lower epidermis. Variation of robustness to physical 

damage and the similarity of upper epidermis of most grasses was the reason why 

we calculated the relative proportions of grass items according to the number of 

pieces of lower epidermis only. In addition, we corrected the figures of plants 

available and used (Table 2 in IV) to get data sets compatible. Some diet classes 

had to be removed and some species in the meadow data had to be combined. These 

corrections were made to every dropping. 

2.5.3 Availability and preference 

Geese prefer some plant species and may avoid others (e.g. Owen, 1976; Sendinger 

& Raveling, 1984; Madsen & Mortensen, 1987; Prop & Deerenberg, 1991). The 

preference for a species can be assessed by comparing the proportion of the species 

in the diet with the proportion of the species available in vegetation as food (Krebs, 

1989). Availability of potential dietary plant species was assessed by estimating 

percent coverage of all plant species in plant cover in 169 random one square metre 

vegetation plots of the meadow area. This was done in June and July when plant 

identification was easy.  

Diet selection by the LWfG was measured using the electivity index (ε) 

presented by Chesson (1983). It is based on Manly's alpha selection index (α) that 

has been widely applicable in diet studies (Krebs, 1989). Using Manly’s alpha it is 
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possible to rank plants in order according to their frequency in the diet. Manly´s 

alpha is applicable in situations where the prey (diet plant) population can be 

assumed not to be significantly depleted by feeding activity (Krebs, 1989). We 

considered that LWfG exploit a very small proportion of the food available, the 

quantity of which remains stable. To obtain results that are comparable between 

cases, where the number of available dietary types varies, we converted Manly´s 

alpha to electivity index presented by Chesson (1983). Chesson´s electivity index 

ranges between minus 1 and plus 1. Dietary types which have negative values are 

avoided and types getting positive values are preferred. If the value is 0, the food 

item is eaten in the same proportion as it is available (IV). 

2.5.4 Testing the reliability of electivity indices 

We tested the reliability of electivity indices using the bootstrap method (Dixon, 

1993; Efron & Tibshirani, 1993). The original εi-values were resampled without 

replacement 1000 times, and an empirical p-value for the preference test was 

achieved by counting the proportion of p-values that were on the other side of the 

boundary of neutral selection (ε=0) than the original εi –value. 

2.6 Genetics 

In total, we sampled 110 LWfG from seven localities. From Fennoscandia 23 

individuals were sampled during 1988–2000. They were from Lapland in Finland 

as well as Finnmark and Nordland in Norway. Museum material from Finland, 

including  five individuals that were collected in 1920–1937, were obtained from 

the Finnish Museum of Natural History in Helsinki, Ostrobothnia Australis in Vaasa, 

the Natural History Museum in Forssa and the school collection of Oulun Lyseo in 

Oulu. The last named individual was shot in the municipality of Liminka in 1920 

(Antti Rönkä, personal communication).  

From Russia, 14 individuals from the Bolshezemelskaya Tundra west of the 

Ural Mountains, 25 from the Yamal peninsula east of the Urals and 15 from the 

Taimyr peninsula in Central Asia were sampled in 1996–1999. From the non-

breeding areas, 10 individuals from Kustanay oblast, Kazakhstan, one from Shabla 

Lake, Bulgaria, and 17 from Donting Lake, China were sampled between 1996 and 

1999. The only sample from Bulgaria was combined with the Kazakhstan sample.  

Material (blood, feathers, muscle tissue) for the study was collected by the 

Wetlands International Lesser White-fronted Goose Task Force members during 
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fieldwork and ringing of LWfG in Finland, Norway and Russia or from birds 

collected from local hunters or poachers in China and Kazakhstan in accordance 

with local legislations. With moult feathers, special attention was given to exclude 

the possibility of sampling the same individual more than once. From each place, 

feathers from a certain position on one wing (e.g., right wing, 1st secondary) were 

included in the analyses. The total DNA from blood and muscle tissues was isolated 

using standard procedures with phenol–chloroform extractions. For the feathers, a 

Chelex-based DNA isolation procedure was used (Walsh et al., 1991).  

A nuclear copy of mtDNA has been found in Anser geese (Quinn, 1992; 

Ruokonen et al., 2000a), and we  designed mtDNA-specific primers that amplify 

an approximately 470 bp fragment spanning from ND6 to control region I (L16642 

and H411; Ruokonen et al., 2000a). The mitochondrial origin of the most common 

haplotypes (W1 and E1) has been confirmed by mtDNA isolation and long-PCR 

(Ruokonen et al., 2000a). For especially old feathers, where DNA fragmentation 

might take place, special primers that amplify a shorter fragment of the 

mitochondrial control region were designed (Ruokonen et al., 2000b). 

Standard PCR amplifications were performed in a reaction volume of 100 µl 

containing total DNA, primers, dNTPs etc. (V). The amplification profile for blood 

and muscles and on the other hand feathers differed a little. PCR products were 

purified from agarose gel and 1/10 of it dissolved. Doublestranded DNA 

sequencing of PCR products was performed using dye terminator automatic 

sequencing. PCR primers were used for sequencing. The sequences have been 

deposited in GenBank. 

The sequences were aligned manually, and a minimum spanning network was 

constructed in Arlequin v. 2.001 (Schneider et al., 2000). The position of the root 

for LWfG haplotypes was determined by using two greater white-fronted goose 

Anser albifrons sequences as an outgroup (Ruokonen et al., 2000a) with a  

maximum parsimony analysis in PAUP*4 (Swofford 1998) . Haplotype (nucleotide 

(p) diversities were calculated in the same way as in Nei (1987).  

The extent of genetic differentiation among localities was assessed using 

AMOVA (Excoffier et al., 1992). The amount of differentiation was determined at 

two levels: among sampling localities and among groups. The Kazakhstan 

(migration staging place) sample was included only in pairwise comparisons of 

populations. The statistical significance of ØST and ØCT was tested with a 

randomisation procedure in Arlequin v. 2.001 (Schneider et al., 2000). An 

appropriate DNA substitution model was chosen with Modeltest 3.06 (Posada & 

Crandall, 1998; Hasegawa et al., 1985) (V).  
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Gene flow was estimated using population pairwise ØST values and the 

equation Nfmf = 0.5(1/ØST-1) and the program Migrate v. 1.6.9 (Beerli & Fesenstein, 

2001), a maximum likelihood method based on coalescence theory. The correlation 

between genetic differentiation, ØST, and geographical distance was tested using 

Mantel’s test in Arlequin v. 2.001 (Schneider et al., 2000), and only individuals 

from breeding localities and China were used for the test. When more than one 

sampling point within a few hundred kilometres existed for one place, coordinates 

of the core area were used.  
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3 Results and discussion 

3.1 Population patterns and environmental factors 

3.1.1 Lesser white-fronted goose Population History at the Study 

Area 

The area surveyed in our study was chosen based on few observations that had 

accumulated by 1988. In 1988, a minor part of the area was surveyed, and we found 

6 LWfG. Breeding was confirmed the next year. The area was surveyed carefully 

from 1989 until the population disappeared in 1997 and in many years later to 

discover possible recolonization (Supplementary material Table 1 in I).  

The highest numbers of breeding pairs, 13, and the highest breeding success, 

31 goslings, were observed in the beginning of the period, in 1991 and 1989, 

respectively (Table 1 in I). The average density of breeding pairs in the 250 km2 

study area in 1989–1996 was 0.03 (0.01-0.06) pairs /km2. 

In most years, molting adult LWfG without nestlings were observed in the 

study area (Table 1 in I). These had probably lost their nest or chicks late in the 

season. Fennoscandian LWfG which abandon breeding early seem to migrate to 

molt as far east as to the Taimyr Peninsula, Central Siberia, Russia (Øien et al., 

2009). All immature LWfG disappeared from the study area and were never seen 

after 14 June. The number of molting adults without goslings was 1.4 (0–6) per 

year. The average number of broods seen was 3.8 (0–8) and that of unseen broods 

(based on track counts) 1.0 (0–4) per year.  

Only one nest was found before hatching (three hatched ones later) by accident 

on 4th June 1990 and contained 4 eggs. Of pairs showing breeding behavior in early 

summer, 27–67% (33–90% if unseen broods revealed by tracks are included) bred 

successfully in years with a moderate number of birds present. The proportion of 

successful breeding was 0-100% annually, and the mean 43.1% (51%). The total 

number of goslings produced was 0–31, on average 11 per year. This does not 

include the number of unseen broods. The mean annual number of goslings per 

brood was 2.93 (2.0–3.99) for all years. Altogether 30 broods and 88 goslings were 

seen (Table 1, 2 in I).  

No broods were found in 1993 and 1996. In 1993 no LWfG were seen during 

July-August and most of them left the area to molt elsewhere. Fresh tracks of 3–4 

LWfG were found 19 July 1993, and these probably molted in this area. In 1997 
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only one single male was observed. However, in the autumnal staging place 

revealed by satellite tracking in 1994 at Varangerfjord, Norway, 10–50 LWfG were 

still seen annually in 1995–1999, among them 5–18 goslings. In 2000–2008 and 

2013 the LWfG were absent also here, but two individuals were again seen in 2017 

and one in 2018 (Ruokolainen et al., 1999; Tolvanen, 2000; Kaartinen, 2001; 

Kaartinen, & Pynnönen, 2004; Sulkava et al., 2009; Supplementary material Table 

3 in I).  

3.1.2 Timing of reproduction  

In the six study years with successful breeding, the estimated onset of egg laying 

was on average 4 June (21 May - 13 June ± 3 days), and hatching took place 2–3 

July (21 June - 10 July ± 3 days) (I Table 3). The local phenological variables (May 

average temperatures, sum of effective temperatures by 27 May and 10 June) did 

not correlate with timing of breeding (I Table 4), i.e. LWfG seemed to start breeding 

independently of local weather conditions. In contrast to the predictions, the timing 

of breeding was negatively correlated with the beginning day of thermal spring (I 

Table 4). The timing of breeding correlated positively only with the timing of LWfG 

spring migration staging on the Bothian Bay coast (Table 4 in I). The number of 

goslings was lower in late breeders as indicated by an intra-seasonal decline in 

gosling numbers (I).  

3.1.3 Phenology and reproductive success 

The LWfG reproduction rate was strongly associated with the effective temperature 

sum by 5 July (zTemperature Sum in Table 5 in I) and the occurrence of cold spells 

in June (Table 5, Fig. 2, 3 in I). The higher the temperature sum, the better the 

success. Cold spells which occurred in 1992 and 1996 were related to very poor 

reproduction rates. Population size did not significantly explain the variation in 

gosling production per pair (Table 5 in I). 

The mean May and June temperatures and their sum for the time period as well 

as their deviation from the average in 1963–2014 at Kevo (Ilmatieteen laitos, 2015) 

is presented in Supplementary material Table 6 in I. The average sum (May + June 

temperature) of the whole period was 13,3 °C, and it is noteworthy that six out of 

eight of the study years were below it – and the two following years 1997, 1998, 

too. The year 1996 was the third coldest and 1993 the sixth coldest of all in 1963–

2014. The good reproduction year of 1989 was the second warmest and the warm 
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fore-summer of 1992, which was interrupted by the cold spell, was the seventh 

warmest in 52 years. Though the timing of breeding correlated positively with the 

timing of LWfG spring migration staging on the Bothian Bay coast, the timing of 

staging did not have an effect on reproduction output (zStaging phenology in Table 

5 in I. 

3.1.4 Effects of predators, reindeer, human interference and small 

mammal fluctuations 

Avian predators occurring in low densities had no significant effect on LWfG gos-

ling production (I), though the data are quite small. During the first 5 years, 1989–

1993, the abundance of Red Foxes seemed to have a strong negative correlation 

with the number of goslings, calculated as absolute or relative (goslings´ number 

related to pairs indicating breeding) numbers. However, the overall pattern 

remained non-significant (zFox abundance, Table 5 in I), as the following three 

years disrupted the pattern. Most foxes were non-breeders and followed reindeer 

flocks to the area in early summer. The numbers of reindeer and foxes did not, 

however, correlate significantly. The number of reindeer varied strongly in the 

study area, but this was not related to LWfG reproduction. The same applies to 

human presence, small mammal numbers and bird egg biomass.  

3.1.5 Observations of mortality during migration and wintering 

Satellite locations, ringing-recoveries and re-sightings of LWfG tagged in the study 

area were received from the north coast of Norway, northwestern Russia, 

Kazakhstan and the Azov Sea area in southern Russia, but not along the nowadays 

well-known western fly-way, i.e. Fennoscandia-Hungary-Greece (Lahti & 

Markkola, 1995; Anonymous, 1998; Lorenzen et al., 1998; Tolvanen et al., 2009). 

Of the ringed and tagged 10 individuals certainly seven, probably eight were shot 

and or killed by other means during the first two years (Table 6 in I). These 

observations underline the very heavy hunting pressure on LWfG along its 

migration routes in the 1990´s.  

3.1.6 Discussion 

When found, the breeding sub-population studied here was the largest known in 

Fennoscandia. In 1989, when c. 12 pairs were seen, and at least 8 of them were 
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confirmed to breed, counts at spring-time staging sites indicated that the total 

number of LWfG breeding in Norway, Finland and Sweden  excluding the 

reintroduced stock in Sweden  was only 30 pairs (e.g. Markkola, 1992).  

The average brood size in our material, 2.93, is comparable to the 3.1 at 

Porsanger Fjord, northern Norway and 2.8 in northwestern Kazakhstan (Aarvak & 

Øien, 2009; Tolvanen et al,  2000). At Dongting Lake, China, the main wintering 

quarter of the East Asian population, the average brood size in early February 1999 

was 2.9 (n=154) (Markkola et al., 2000). In Norway, the average brood size 

increased from 3.04 to 3.37 when red fox culling took place in the breeding areas 

(2008–2016)  (Aarvak et al, 2017). The number of goslings per potentially breeding 

pair was 1.29 in our material vs. 1.48 at Porsangerfjord in 1994–2008 (Aarvak & 

Øien, 2009). The figures were 1.55 before and 1.57 during culling, when 1998–

2016 were included (Marolla et al., 2019). In our study, 40.5% of potentially 

breeding pairs actually reproduced compared with 46.1% before and 47.3% after 

fox culling in Norway. The authors, however, emphasize that the increase after fox 

culling may have resulted from phase differences in rodent cycles in the study 

period (Aarvak et al., 2017). Indeed, in the more comprehensive study, the 

proportion of breeding pairs did not increase during culling (0.49 vs. 0.47) (Marolla 

et al.2019).  

Reproductive success decreased towards the end of our study period before the 

population disappeared. However, the drop in the reproductive rate and population 

growth were hardly the direct cause behind the disappearance because the drop in 

adult numbers happened so abruptly between 1994 and 1995. It is possible that the 

birds reacted to deterioration of environmental conditions by commencing breeding 

dispersal. Poor breeding success may have triggered this. Breeding groups are held 

together by site fidelity and social bonding, and once conditions change, the 

decision to disperse may spread to the whole breeding group. This, in addition to 

high mortality during migration and wintering, might explain the sudden drop in 

numbers. 

Indeed, many LWfG were seen in autumn on Norwegian coast until 1999 

(Supplementary material Table 3, I). As revealed by satellite tracking in 1994, the 

studied LWfG population moved to Varangerfjord after breeding before the autumn 

migration (e.g. Lahti & Markkola, 1995; Tolvanen et al., 1998). When that area was 

surveyed for the first time in 1995, LWfG in the breeding ground had declined 

drastically (to two breeding pairs), but the number at the fjord was as high as 50 

and among them the brood tagged in the study area three weeks earlier 

(Supplementary material Table 3 in I). In 1996, with no breedings in Finland, 13 
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LWfG were present at Varangerfjord, among them the “Finnish” female again with 

the only brood. Until 1999 at least 10 LWfG were still seen at the fjord but later 

none despite surveys in 2000–2008, 2013 and 2017–2019 before 2017, when 2 

adults were seen and one individual in 2018 (Supplementary material Table 3 in I). 

It seems that the breeding area of the former Finnish subpopulation moved 

closer to the coast following declining reproduction in 1989–1995 and the late 

summers of 1996–1999, but in 2000 they had disappeared also from Varangerfjord. 

It can be concluded that 11–15 pairs which had probably bred (i.e. the same number 

that bred in the study area in good years), were present at Varangerfjord in 1995 

and 1997 but only 4 in 1996, 7–8 in 1998 and only 3 or less in 1999. The number 

of goslings per pair declined from 2.4 of 1995 to 0.8–1.33 in later years (data not 

shown). The pattern was the same as on the Finnish side: declining reproduction 

and finally disappearance.  

One explanation could be the use of the more eastern, longer and more 

dangerous migration route via Russia and Kazakhstan by this eastern sub-

population, as the more western Norwegian population survived. Indeed, all the 

few distant recoveries and satellite locations of tagged birds support this: They are 

from Kazakhstan and the Azov Sea, i.e. along the eastern fly-way (Anonymous, 

1998). Later, it was shown that successful breeders of the remaining western 

population migrate straight through Eastern Europe to Greece, but unsuccessful 

birds move eastwards to molt in Siberia and in autumn via Kazkhastan to Greece 

(Øien et al., 2009). 

In our study, low effective temperatures and cold spells led to poor 

reproduction. Similarly, reproduction of Greenland white-fronted goose (Anser 

albifrons flavirostris) was positively correlated with summer temperatures until the 

1990´s (Boyd, 1982; Zöckler & Lysenko, 2000; Boyd & Fox, 2008), but later 

increased spring temperatures led to increased precipitation, which delayed snow 

melt and decreased reproduction (Boyd & Fox, 2008).   

Conditions in our study area got colder during the study (Supplementary 

material Table 6 in I) and the time gap between the staging peak of spring migration 

and onset of nesting grew. Similarly, the time gap between the migration staging 

peak and the ice melting of lakes in breeding areas increased (Fig. 4 in I). Most 

probably, several successive cold springs represent stochastic variation as the 

general trend, global warming, is opposite (IPCC, 2014). Warming has been shown 

e.g. by Kivinen et al. (2017) in Northern Fennoscandia. There are surprisingly large 

temporal and regional differences in relation to the impact of phenology even 
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between quite near-by areas, as Marolla et al. (2019) did not find any effect of 

phenology on LWfG reproduction success.  

Increased predation pressure or at least presence of foxes might also explain 

the drop in reproductive success, though no significant effect was found. We 

assume the Red Fox to be the main nest predator based on the intensive antipredator 

behavior that it elicits in LWfG. Later studies have shown that Red fox culling 

allows more adult LWfG, including unsuccessful breeders who have lost their 

chicks during later phases of the brood rearing period, to molt in the breeding area 

and to choose the shorter and safer western autumn migration route instead of 

moving to Central Siberia to molt (Øien & Aarvak, 2009; Tolvanen et al., 2009; 

Aarvak et al., 2017; Marolla et al., 2019). 

The lack of a positive effect of the abundance of small mammals on LWfG 

reproduction rates was not expected and differed from the situation further west in 

Finnmark, Norway 1998–2016 (Marolla et al., 2019), but is understandable because 

of the constant trough of voles and lemmings in our area. At Kilpisjärvi, 

northwestern Finnish Lapland, rodent cycles still had an effect on wader 

reproduction in 2005–2015 (Lehikoinen et al., 2016a), while the faltering of 

lemming cycles is connected to advancing climate change (Ims et al., 2008; Nolet 

et al., 2013).  

In the current core breeding area of the Fennoscandian LWfG in Norway, the 

total number of goslings and the number of young produced per pair fluctuated 

clearly in synchrony with vole cycles in 1994–2016, even when the duration of 

cycle phases was unstable (Aarvak et al., 2017; Marolla et al., 2019). By contrast, 

Kausrud et al. (2008) showed that winter weather and snow conditions accounted 

for lemming (Lemmus lemmus) population dynamics in an alpine southern 

Norwegian core habitat 1970–1997, and predicted the observed absence of rodent 

peak years after 1994. 

The caribou (Rangifer tarandus) is listed as a nest predator of lesser snow 

goose (Anser caerulescens caerulescens) at la Perouse Bay, Canada (Cooke at al., 

1995). We found no correlation between abundance of reindeer and LWfG 

reproduction, but an indirect connection may exist: The area is heavily grazed by 

domestic reindeer and this can be seen in missing willows, the absence of new 

mountain birch sprouts after the Epirrita autumnata mass occurrences, trampled 

shore sedge zones, etc. Ims and Henden (2012) reported adverse effects of grazing 

on passerines in Norway.  

Overgrazing and possible (constant) silica defense (Soininen, 2012) in the 

vegetation, or succession to more silica-rich plants may have been a factor that 
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caused the constant low phase of rodent cycles. As geese also need good quality 

nutrition during the brood rearing period and molt to compensate for losses of egg-

laying and incubation, to renew feathers, and for goslings to grow, it is possible that 

their diet preferences overlap with those of reindeer and/or they suffer from the 

decreased nutritional value of the vegetation.  

The potential depredation by reindeer and non-breeding red foxes following 

them could be masked by the effect of temperatures, as the sum of effective 

temperatures by 7th of July correlated positively both with the reproduction rate of 

LWfG and the gathering of reindeer (and foxes) to the study area. In Norway 

(Marolla et al., 2019) an increase in number of reindeer carcasses correlated 

negatively with LWfG breeding success, which was explained by increased winter 

survival of mesocarnivores during rodent troughs.  

The few breeding groups of LWfG in Nordic countries form a metapopulation 

structure. Compared with typical metapopulation models e.g. in insects (Hanski & 

Gilpin, 1997), with scattered suitable habitat patches, the decreased breeding 

groups of geese are remnant patches of former, more numerous subpopulations. 

Suitable habitats may be well available, but mostly uninhabited. Breeding groups 

are held together by social behavior, natal philopatry of females and site fidelity of 

breeders, but after reaching a threshold in numbers and/or density, the fidelity can 

break down. After the disappearance of the breeding population studied here, only 

one was known to exist in the Nordic countries by the 2010´s. Luckily, the Nordic 

population has started to grow and new local populations have been established 

during the last few years (Aarvak et al. 2016, 2017). LWfG have also been observed 

near our study area both in spring and, after an interval of 17 years, also in autumn 

(Supplementary material Table 1, 3 in I). 

3.2 Breeding habitat selection 

3.2.1 Physical environment 

Breeding habitat use of LWfG was the most selective in relation to four 

environmental characteristics: They preferred the vicinity of water, flat close-range 

landscape, a relative low forest height in the vicinity of breeding site (even within 

the low-forested study area) and intermediate relative altitudes, i.e. avoidance of 

valleys and mountains (Figures 2–5,Table 1 in II). The averaged model could assign 

the observation and random points correctly with 83,4 % success (95% CL: 76,4– 
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Fig. 2.  Watching territorial LWfG male near the nest between lakes and rich fens. In 

June 1991, photographed from a hide. Photo: Martti Rikkonen. 

 

Fig. 3. Typical brood rearing habitat of LWfG: lake shore with sheltering Carex rostrata 

aquatic sedge vegetation in August 1989. 
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Fig. 4.. Brood rearing habitat used in 1976, slightly north of the pine forest zone and in 

southern parts of the palsa mire zone in flat landscape in June 1988. 

Fig 5.. Nesting place in flat fen and pond environment north of the pine forest zone 

photographed in August 1989, when the shallow ponds were quite dry. 
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90,5 %). Figure 1 (II) shows how the four most important factors (from the model 

averaged result in Table 1 of II) affect the predicted breeding site use in LWfG. 

The suitable breeding areas predicted from the best RSF-model matched very 

well with observed and historical breeding sites (Fig. 6). The suitable LWfG areas 

cover the main part of the municipalities of Enontekiö in the northwest and Utsjoki 

and parts of Inari in the north and north-east. In the very roughly 45 000 km2 area 

where the best resource selection functions were applied in Lapland, suitable LWfG 

areas covered some 15 000 km2. Outside the scope of our study areas, suitable 

places for the LWfG continue north and west to Norway and Sweden. Generalizing 

annual LWfG densities of the study area to all suitable areas gives an estimate of 

1442 (273–2318) potential breeding pairs of the LWfG thoughout all of sub-arctic 

Finnish Lapland 

3.2.2 Sociability and the effect of another sympatric goose species 

We tested the influence of the vicinity of other breeding goose pairs on the breeding 

site selection of the LWfG by studying the distances to the nearest own and taiga 

bean goose breeding site (within each year). The corresponding distances were 

measured also from the same random points we used for studying the breeding 

habitat selection. We added these social distance variables to the best RSF-models 

explaining habitat selection of LWfG (Table 1 in II). The distance to the nearest 

conspecific clearly improved the RSF-model fit (AIC: from 127.63 to 88.30), 

suggesting that LWfG’s tended to aggregate in the vicinity of conspecifics (see Fig. 

4 in II) within their preferred habitats. On the other hand, adding the distance to 

taiga been geese did not improve the best habitat selection model (AIC: from 

127.63 to 132.93), i.e. the distribution of breeding taiga bean geese did not affect 

LWfG’s breeding site selection. 

3.2.3 Discussion 

Only two earlier studies on summer habitat selection of the LWfG have been 

published, the first by Friberg (1997) in the same area as this work, and a recent 

huge scale work by Tian et al. (2021) with the Maxent niche modelling technique 

applied to 7 400 000 km2 of arctic and sub-arctic north-eastern Russia in Siberia. 

The material in Tian et al. (2021) included breeding season observations of 11 GPS-

tagged LWfG and field observations from West Chukotka.  
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Tian et al. (2021) analysed the potential summer range of the LWfG by using 

the Maxent SDM (species distribution model, Stevens and Conway, 2020) 

techniques. 

 

Fig 6. Predicted suitable breeding areas for the LWfG in Finnish sub-arctic Lapland in 

green according to the best resource selection functions fitted to our study population 

(see Table 1 in II). In addition, the locations of historical LWfG observations are added: 

blue dots = observations by 1980, red dots = observations since 1980. 

A short distance to water from nesting places was the most significant factor in our 

results. In Tian et al. (2021) distance to streams was the 2nd-3rd most important 

predictor along with precipitation (< 100 mm) of the warmest three months. In 

Fennoscandia LWfG breeding and brooding places are typically near and in lakes 

and pond groups (Lorentsen and Spjotvoll, 1990; Friberg, 1997; Markkola, 1998), 

but in Tian et al. (2021) exclusively along rivers without mentions of lakes or ponds. 

They refer to results by Solovieva and Vartanyan (2011) and state that “no A. 

erythropus were found on lakes and only surveys along rivers have been used in 

this study”. It is typical that the LWfG surveys of most remote and large areas in 

Russia and Siberia have been carried out travelling by boat along rivers, but this 

leaves open the question, are the LWfG really not inhabiting the tens of thousands 
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of lakes and ponds in the sub-arctic and arctic areas of East Asia. At least in Central 

Siberia in sub-arctic southern Taimyr (Markkola & Arkiomaa, 1997, Øien et al., 

1998) and around Putorana mountains (Romanov, 2003) south of the above 

mentioned area, surrounded by extreme norther taiga, LWfG inhabit lakes and 

ponds. Transmitter plots should, however, reveal possible lake and pond habitats, 

if their accuracy is exact enough. 

In Friberg (1997) the relative altitude was lower in LWfG plots than in 

references, but not significantly, i.e. the same result as in our work. In East-Asia, 

elevation among the nine environmental variables included in model building was 

the most important. In eastern Asia, arctic and subarctic vegetation zones reach the 

sea level and the bottoms of valleys, but mountainous areas are too snowy and cold 

even in summer time. This is most probably the explanation why elevation was so 

important. The south-westernmost LWfG areas in the valleys of Scandinavian 

mountains are surrounded by typical taiga zones and open LWfG habitats are 

restricted to mountainous areas, where the typical elevations are as high as 700–

800 m a.s.l. Indeed, in Swedish the LWfG is called “fjällgås”, i.e. fjeld or mountain 

goose. Towards northeastern Fennoscandia the mountains get lower but conditions 

get sub-arctic also on lower altitudes.  

In Friberg (1997) birch forest (trees at least 2 meter high) was missing from 

LWfG plots, but “low leaf”, i.e. sparse and low mountain birch stands were present, 

though not differing from the references. An optimum of less than 1 meter high 

bushes was revealed in this work using the polynomial pattern of “forest” height, 

supporting the earlier result. Friberg (1997) used cover % of fens, while we used 

distance to the nearest fen. The fen cover was non-significantly lower in LWfG 

plots and in our results the distance from nesting places to fens was longer than in 

the references; i.e. our results are in accordance with the previous work. LWfG 

typically feed in fens – in addition to lake, pond and brook shores in the fore-

summer, but the nesting places are elsewhere. In Tian et al. (2021) the modelling 

results suggest that the probability of occurrence of the LWfG increases with land 

productivity range and homogeneity. This seems to be conflicting with results by 

Friberg (1997), who found that landscape heterogeneity positively determined the 

occurrence of LWfG. The difference is, however, semantic, as in Tian et al. (2021) 

homogeneity is in fact an indicator of habitat diversity as a measure of (high) land 

productivity. 

In Tian et al. (2021) human disturbance also influenced summer habitat, with 

suitability increasing the further the site was from human settlement. Compared to 
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our study area the pattern was the same but the scale different, from at least 20 km 

in Finland (Friberg 1997) to optimally more than 100 km in East-Siberia.  

Practically all old LWfG breeding time observations in our material fell on 

predicted suitable areas (Fig. 2). This was the case both with historical observations 

of 1913–1979 and the newer ones since 1980. Also 5 points outside the uniform 

green zone hit to sporadic fjeld areas surrounded by northern taiga, revealed by the 

best resource selection functions.  

Sociability of the LWfG or the relationship to other geese were not studied in 

Friberg (1997) or Tien et al. (2020). In Finnish Lapland, LWfG surveys covered an 

area of 2160 km2 of historically known and 3630 km2 of potential breeding places 

of the LWfG and 1500 km2 in adjacent parts of Norway (Markkola &Timonen, 

2000). Inside this, the whole found existing LWfG population lived in one area of 

250 km2 (Markkola & Karvonen, 2020), i.e. 4,3 % of the potential area. This per 

se is evidence of sociability. Only one other known and also compact LWfG 

concentration existed in northern Norway some hundreds kilometres west from our 

study area in the 1990´s and does still exist. Using a potential LWfG  habitat area 

of 15000 km2 in Finnish Lapland and generalizing annual densities of the study 

area gave an estimate of c. potential 1400 breeding LWfG pairs in the whole of sub-

arctic Finnish Lapland. Merikallio (1958) estimated the LWfG population of 

Finland to be c. 2100 individuals before World War II and 200 pairs in 1955. If the 

previous number means adult birds in fore-summer, it would mean roughly 1050 

pairs, which suits quite well with our figures.  

Though short distance to the nearest taiga bean goose territory did not improve 

the LWfG RSF model, it can be concluded that the LWfG did not avoid taiga bean 

geese. Likewise, according to field observations the species did not interfere with 

each other when regularly using common feeding places in fens. They also formed 

two-species´ common brood groups, “cretches” (which will be discussed in a 

separate article). Actual shooting bans and limitations of taiga bean goose hunting 

definitely can decrease accidental killing of LWfG. It is also obvious that even the 

growing breeding population of the taiga bean goose in areas with overlapping 

LWfG populations does not affect LWfG negatively given the low densities of both 

in sub-arctic Fennoscandia. 
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3.3 Phenology and climate change 

Fig. 7. The main wintering area of taiga bean geese and wintering, staging and breeding 

areas of Fennoscandian LWfG. 
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Figure 1 in paper III shows the peak numbers of the taiga bean goose since 1977 

and the total numbers of LWfG after 1985 in the staging areas of Northern 

Ostrobothnia. The LWfG numbers represent full counts of different individuals, 

often individually identified according to belly patches (Aarvak et al., 2000), but in 

the numbers for the taiga bean goose the varying observation effort has had an 

effect. 

Peak migration of the LWfG has advanced significantly over the whole period 

at the Oulu staging area in 1907–2014 (III). However, the most striking change has 

happened during the last 30 years. The staging time (difference between 0 and 100 

percentile) at Oulu has shortened (most probably due to decreasing numbers of 

LWfG).  

Both the LWfG and the taiga bean goose have significantly advanced their 

spring migration at the Oulu staging areas in 1975–2014 (Figure 3 in III). The 

average advance in the taiga bean goose is considerably larger than in the LWfG 

(0.28 vs. -0.14 days per year). During the 40 year study period, the absolute advance 

in migration was 5.6 days in the LWfG, and 10.9 days in the taiga bean goose. 

During the same time, temperatures show a corresponding trend, a highly 

significant increase in mean temperatures (III). On the other hand, some local 

temperature records have no significant temporal trends over the study period 

(Table 2 in III). The variation in LWfG arrival times (50% percentile) at the Oulu 

staging area is explained by both global and local weather factors (Table 3a in III). 

The increasing trend in global temperatures seems to explain the advance in 

migration; however, the role of Estonian May temperatures is relatively more 

important in explaining the annual variation (Table 3a in III, standardized effects -

2.2 vs. -2.9, respectively). In addition, April temperatures in Oulu entered the best 

model (Table 3a in III, standardized effect -2.2). The best model (Table 3a, Figure 

3 in III) explained 49% of the variation in LWfG arrival days. 

The variation in taiga bean goose arrival (staging peak) times seems to be best 

explained by global warming (Table 3b in III, standardized effect -5.3), which also 

explains the strong temporal advance (Table 2 in III). Another large-scale 

phenomenon, the winter-spring NAO, also had an important effect (Table 3b in III, 

standardized effect -3.6). The arrival dates were “fine-tuned” according to the local 

April temperatures at the Oulu staging areas (Table 3b in III, standardized effect -

2.6). The best model (Table 3b, Figure 3 in III) explained 55% of the variation in 

taiga bean goose arrival days. 

We found clear advance in spring migration arrival times in the LWfG and the 

taiga bean goose over the period 1975–2014 in Finland. In both species, the 
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advance was associated to global warming, but also to local spring temperature 

variation at the main staging areas along the migration route – the warmer it was 

there, the earlier they arrived in Finland. Winter-spring (December–May) North 

Atlantic Oscillation (NAO) was related to arrival times of the the more western 

migrant, the taiga bean goose, but not to those of the more eastern migrant, the 

LWfG. However, the winter-spring NAO along the taiga bean goose migration 

route (in Southern Sweden) strongly correlated with local January–March 

temperatures (r = 0.71, p<0.001), and therefore we suggest that the advance in 

spring migration in both species was mainly affected by the recent warming trends 

in global temperatures and were fine-tuned by the local temperatures at the main 

staging areas.  

Our results are in accordance with the earlier findings of advancing spring 

migration times in Finnish birds reviewed by Lehikoinen et al. (2004). They 

showed an annual average advance of 0.37 days in 30–40 years for a large number 

of bird species. In another study of 108 Finnish bird species, Lehikoinen et al. 

(2016b) found on average a 0.22 day advance in spring migration per year in 1975–

2015. Compared with this value, the advance in taiga bean goose was greater (0.28 

days per year) and in the LWfG considerably less (0.14 days per year).  

Short-distant migrants are expected to advance their spring migration more 

than long-distance migrants (Lehikoinen et al., 2004; Murphy-Klassen et al., 2005; 

Petersen et al., 2012). Our findings are in accordance with this, as the taiga bean 

goose could be considered a short-distant migrant and the LWfG a medium-distant 

migrant (according to Rainio et al., 2006). Rainio et al. (2006) found that medium-

distance migrants responded most strongly to NAO, followed by short-distance 

migrants and partial migrants. Compared to this, our result on the effects of NAO 

is reverse. One explanation could be that the Nordic LWfG, having its wintering 

quarters in southeastern Europe – northwestern Asia and migrating in spring from 

the south to the north or from the southeast to the northwest, are not favored by 

westerly winds, contrary to bean geese migrating from the southwest to the 

northeast. 

Halkka et al. (2011) found the strongest spatial correlations between arrival 

dates and temperatures of a given month or one month before the arrival in areas, 

500–2000 km south of the arrival places. They concluded that this is how long-

distance migrants can adjust their arrival to the variabile phenology of their 

breeding grounds. This could be one explanation to our results, where global 

temperatures seemed to be more important determinants than local ones.  
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Lehikoinen et al. (2016b) included observation effort to modelling of spring 

arrival date changes in 1975–2015. The first arrival dates of the bird species 

advanced more than peak dates and were more affected by observation effort. It is 

very probable that population changes and observation activity strongly affect the 

observation probability of the first and last individuals and the low and high 

percentiles of the migrating population, but have only a little effect on the date of 

the main migration measured as the 50th percentile (or peak as we used), at least if 

the observation effort is sufficient to reveal the occurrence of a declined population. 

Changing agricultural practices may also have had an influence on the taiga 

bean goose spring migration time advance: Nowadays ploughing is increasingly 

carried out in the spring instead of the autumn and the changing from hay to green 

fodder with intensive fertilizing and late harvest developing nutritive aftermath are 

offering better grazing conditions in the spring (Kari Koivula in a letter).  

The advance in spring migration timing was not constant in time. From the 

beginning of the 20th century to the second period (1950´s) of our material, the 

advance of the main migration in the LWfG was four days. In the 1960´s and until 

the period of 1995–1999 the date of the main migration fluctuated without a trend 

and was generally later than in the 1950´s, but has since 2000 been more than 5 

days earlier than in the beginning of the 20th century. It seems that in the LWfG, 

the indigenous rhythms do not prevent adaptation to new conditions. The effects of 

climate change also differ spatially. Fox et al. (2014) found that Greenland white-

fronted geese left wintering quarters in Ireland 15 days earlier in 2012 than in 1969, 

but prolonged their stay in Iceland and arrived in West Greenland at the same time 

as in the 1880`s. Indeed, relatively constant cool springs and heavy snowfall have 

prevailed in West Greenland during recent years. 

The most important question in the timing of the spring migration for bird 

populations is whether they can adapt their migration strategy enough in pace with 

climate change to time their breeding optimally; when, for instance, high quality 

food is available for the chicks and molt of adults. The rate of adjustment is 

ultimately measured by reproductive output (e.g. Cooke et al., 1995). Unfortunately, 

we do not have long-term breeding success data of the studied goose species, but 

we have some evidence that spatial and temporal variation in temperatures are not 

acting in harmony and geese could thus not predict optimal conditions in the 

breeding areas.  

In the latter half of the study period, in 1989–1996, LWfG arrived at their 

breeding grounds in Finnish Lapland earlier and bred earlier than in the first half. 

However, during the latter half local spring temperatures were low, ice breaks were 
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late and cold spells frequent in June. These conditions led to declining reproductive 

rates (I). 

This shows that temperature fluctuations in more southern staging areas and 

northern breeding areas are not necessarily in accordance with each other and may 

indicate that adaptation of the LWfG to climate change is not very well-tuned. 

Similar problems might appear also in other goose species. For example, van der 

Jeugd et al. (2009) found that Baltic and North Sea populations of the barnacle 

goose (Branta leucopsis), despite breeding 6–7 weeks earlier than barnacles in their 

traditional arctic breeding grounds, were late in comparison to the peak of the 

nutritive value of their feed. This kind of mismatch is expected by the authors also 

to influence arctic breeding barnacle geese when global temperatures continue to 

rise. Paradoxically in the Greenland white-fronted goose, climate change, which 

has increased temperatures, has locally delayed snow melt via increased 

precipitation in breeding grounds leading to decreased reproductive success (Boyd, 

1982; Boyd & Fox, 2008). 

3.4 Staging habitats and diet 

LWfG preferred extensive meadows (Table 1in IV). The average width of the 

meadow geolittoral zone favoured by LWfG was 960 m compared to 176 m among 

the reference meadows). The hydrolittoral zone showed the same pattern (Table 1in 

IV). This zone, however, reflects more the conditions of future meadows resulting 

from isostatic up-lift than the situation at the present. The average width of the 

hydrolittoral zone at LWfG meadows was 978 m compared to 375 m in the 

reference points  

The diet of the LWfG consists nearly exclusively (99.9%) of 

monocotyledonous plants and of those 87.1% were grasses. The three most 

frequently encountered species were Festuca rubra (43.1 %), Phragmites australis 

(30.2 %) and Calamagrostis stricta (13.4%). The most commonly used of other 

Monocotyledons was Juncus gerardii (8.4%). All these species were common on 

the coastal meadows, and the LWfG is thus not spesialised on any rare plant species. 

The results revealed two new plant taxa in the diet of the LWfG: Phragmites (a 

grass) and Eleocharis sp. (other monocotoledonous plants). Indeed, P. australis was 

even the most preferred species. 

The plant species composition in single droppings provides information on diet 

selection and short term variation in diet selection. Of 100 analysed droppings, 22 

consisted exclusively of Phragamites australis and 18 of Festuca rubra. The rest 
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were multi-species in content. Their distribution according to the main species was 

(the average dominance of the main species in parentheses) Festuca rubra 30 

droppings (67.9%), Calamagrostis stricta 13 (65.2%), Phragmites 7 (81.2%), 

Juncus gerardii 6 (54.8%), Triglochin palustris (L.) 2 (61.9%) and Agrostis sp. 1 

(66.7%).  

The results suggest that the LWfG concentrated on feeding on Festuca rubra 

and Phragmites. Where these two species were abundant locally, the LWfG have 

not consumed many other species. In multi-species droppings the proportion of the 

main species was the highest, 81.2 %, in Phragmites dominated droppings. The 

LWfG rarely concentrated on species other than these two and almost never fed 

exclusively on species other than Festuca or Phragmites.  

LWfG preferred, in descending order, Phragmites australis (ε=0.73), 

Triglochin palustris (ε=0.70) and Festuca rubra (ε=0.52). Calamagrostis stricta 

(ε=-0.47), Juncus gerardii (ε=-0.59), Agrostis sp. (ε =-0.83), Carex sp. (ε=-0.89), 

Eleocharis sp. (ε=-0.99) and Dicotyledons (ε=-0.99) were not selected. The LWfG 

did not exploit the monocotyledonous species Triglochin maritima (L.), 

Potamogeton spp., Eriophorum angustifolium (Honckeny), or a long list of 

Dicotyledons, all of which had an ε-value of  –1.  

All the p-values except Triglochin palustris (p = 0.125) were statistically 

significant (Fig. 2 in IV). The great variance of the electivity index in this species 

was caused by the fact that it was rare both in the field and in the diet. It probably 

was preferred, but a larger sample is required to confirm this.  

Table 3 in IV summarises the results of diet studies of the LWfG. Our study 

confirmed earlier observations from Hailuoto and nearby areas (Markkola, 1992; 

Markkola et al., 1993) that the spring diet of LWfG consists almost entirely of 

Monocotyledons. Also in the important staging area at Porsangerfjord, northern 

Norway, the arctic salt-grass, Puccinellia phryganodes, is normally the main diet. 

In spring 1996 when the grass meadows were covered by ice until very late in the 

spring LWfG used a dicotyledonous species Hippuris tetraphylla that was 

practically the only forage available (Aarvak et al., 1996). Both of these species 

also grow sparsely at Tömppä meadow but were not found in the diet.  

Cultivated species were not observed in the diet of LWfG in Hailuoto in our 

study years. Earlier in 1985–1987 when the majority LWfG visiting the Bothnian 

Bay coast staged at the Bay of Liminganlahti, and short-growth meadows were 

extensively over-grown by the common reed, LWfG commonly grazed fields in the 

morning and in the evening (e.g. Markkola et al. 1993) eating mainly Phleum 

pratense grass. This took place especially under retarded spring conditions when 
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still existing low-lying meadows between the reeds and open water were covered 

by ice (Markkola, 1992; Markkola, 2001a). In 1988-1999 LWfG staged mainly on 

the natural meadows of Hailuoto (Markkola 2010). Later, when the majority of 

LWfG moved to stage on the mainland, grazing in fields was still marginal, c. 10 % 

of time (Markkola, 2001a). This has changed to c. 10 hours per day, i.e. 40 % of all 

time in fields in recent years. After 2011 LWfG have visited previous years´ so 

called game fields with unharvested cereal crops in the Karinkanta area together 

with other geese and swans (R. Karvonen, R. Karvonen, & J. Markkola, 

unpublished reports 2011–2021).  

The proportion of how LWfG share time between feeding and roosting on the 

shore nowadays, is not known, because LWfG are mostly counted and observed in 

fields nowadays, where the work is much easier than on the shore, where it is 

impossible without hides. Diet in field grazing has not been studied in detail, but it 

seems to consist of Phleum and other cultivated grass species common in hay 

stubble fields and sown together with cereals in crop rotation (J. Markkola & R. 

Karvonen, unpublished material).  

3.4.1 Management of lesser white-fronted goose staging meadows 

The traditional use of coastal meadows of the Bothnian Bay was mowing in mid-

summer and grazing of cattle in late summer, a practice which ceased gradually in 

the 1950’s. Since 1986 the Tömppä meadow was managed again for years by 

mowing, thanks to the local hunting association which tried to improve conditions 

for waterfowl and hunting and conservationists who tried to improve conditions for 

threatened bird and plant species. Mowing improved the conditions for staging 

LWfG, breeding birds such as southern dunlins (Calidris alpina schinzii) and for 

rare plant species like the arctic salt-grass (Puccinellia phryganodes) and the 

Siberian primrose (Primula nutans) (Markkola, & Merilä, 1996). Encroachment by 

reed beds and willow bushes that have invaded the open meadows has been reduced. 

Mowing began at the Tömppä meadow in 1986 covering c. 30 ha annually and 

expanded in later years to 70 ha between Iso Härkäsäikkä in the northeast and 

continuing to the separate meadow island of Isomatala south of the Tömppä 

meadow (Markkola et al., 1998b).  

Grazing can improve conditions for plants which are preferred by the LWfG 

even more effectively than mowing. The draft management plan for the area 

(Markkola, & Merilä, 1996) suggested mowing and grazing according to the 

traditional management scheme. In the original article published already in 2003 
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(IV) it was predicted that “it is, however, more probable that the new management 

method will be continuous grazing in June-August, as natural pastures are 

effectively promoted in the EU through agri-environment scheme support”. This 

was also how it happened. Two beef cattle pastures were fenced at Tömppä and its 

surroundings in 2004–2005 covering 150 ha and later they was expanded to reach 

Iso Härkäsäikkä and Isomatala with a total area of (including pieces of primary 

succession deciduous forests) of roughly 300 ha.  

In the traditional LWfG staging places of Pitkänokka at the Limiganlahti Bay 

in the municipality of Lumijoki immense reed removal activities were begun in 

1994 using machines by Vapo OY, and the work was continued by Liminganlalahti 

Life project financing until 1997 covering an area of 480 ha. The new open area 

was mown in 1994–1998, but in 1996–1998 it was changed to beef cattle pastures. 

By 1998 pastures covered c. 300 ha of LWfG staging places of the 1970`s (Pessa, 

& Anttila 2000). By 2006 the area of pastures was expanded to c. 500 ha (Markkola, 

2010). In 2011 the area of pastures and mown meadows around the whole Bay of 

Liminganlahti was estimated as high as 1200 hectares (Tuomala & Kontturi, 2011). 

In the third Bothnian Bay LWfG staging area, Säärenperä-Karinkanta in the 

municipality of Siikajoki and the border area of Lumijoki-Siikajoki located 

between Hailuoto and Liminganlahi, the first LWfG were observed in the 1980`s 

(Markkola, 2010). Overgrowing of short-growth meadows took place also here, but 

gradually beef-cattle pastures were established here too, and between 1991 and 

1995 pastures were expanded from 13 to c. 200 hectares, after which their area has 

somewhat contracted.  

As a result of extensive management activities the original staging habitat of 

the LWfG at Bothnian Bay, short growth meadows, often with bare salt patches, 

are at the moment much larger than in the 1970´s and the 1980´s. Interestingly, 

despite this, LWfG have more and more increased feeding in fields in the 

Säärenperä-Karinkanta area (see the previous chapter). It seems probable that the 

change of the main staging area from Hailuoto to Säärenperä-Karinkanta area was 

caused by increasing numbers of white-tailed eagles (Haliaeetus albicilla) 

migrating, staging and later breeding especially in Hailuoto. Later, white-tailed 

eagle numbers increased also in the Säärenperä-Karinkanta area, and could explain 

the change over from sea-shore meadows to fields, where eagles are visiting much 

less frequently. The process was probably facilitated by the presence of other geese, 

especially bean geese and growing flocks of pink-footed geese, which are 

traditional field feeders.  
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3.4.2 Habitat and diet of LWfG in other parts of the distribution area 

In summer, the fundamental difference compared with the migration and wintering 

periods is the moulting and brood rearing period, when a LWfG family does not fly 

for 6–7 weeks and is limited to a narrow zone along shores. One could therefore 

expect that summer diet is not as strictly selected as in other parts of the year. The 

18 plant species listed for summer (Fennoscandia, Table 3 in IV) compared with 

the 9 taxa of this study or all 14 species listed for spring (Finland-Norway, Table 3 

in IV) support this idea. The summer diet also differs from the normal grass 

dominated pattern. 

The Hungarian steppe, "puszta", was the westernmost highly important autumn 

and spring stop-over for the LWfG during the 20th century, in 1950´s still hosting 

up to 50 000 individuals per season (Sterbetz, 1978). Sterbetz (1978, 1990) found 

Festuca pseudovina grass to be the outstanding fall feed of the LWfG. Most  F. 

pseudovina steppes with a high calcium content have been ploughed, but they still 

exist in nature reserves like Hotobágy and Kardoskut (Sterbetz, 1990).  

In the past 10 years, habitats and diet of the LWfG have been studied and 

habitats managed quite a lot in Hungary (Escedi et. al., 2009; Lengyel et al., 2009; 

Bogyó et al., 2014; Bogyó & Tar 2017a, b) and Greece (Karmiris et al. 2017a,b,c,d) 

as a part of two EU Life-projects in 2005–2009 and 2011–2016. In Hungary the 

feeding habitats of the LWfG were divided into three main types in descending 

order of importance: 1) short grazed and freshly grown alkalic steppe areas with 

adjacent alkalic meadows and wetlands (Festuca pseudovina meadows belong to 

this type), 2) pioneer/temporary mud vegetation  and vegetation of wetlands and 

fishponds, 3) agricultural lands (Bogyó & Tar 2017a).  

In the recently most important wintering quarters of Fennoscandian LWfG in 

Greece, Lake Kerkini, 35 plant species were identified in LWfG droppings. LWfG 

preferred grasses such as Echinochloa crus-galli, other monocotyledons such as 

Cyperus esculentus and Scirpus lacustris, but also some dicotyledons such as 

Ranunculus sceleratus (Karmiris et al., 2017a, c). When these species got sparser 

later in winter, the LWfG moved to the Evros delta to feed on grasses (35%) such 

as Poa spp., Bromus hordeacus and Avena barbata (Karmiris et al., 2017c), but also 

salt marsh species (20%) such as Halimione portulacoides and Salicornia europaea.  

In the wintering areas of Azerbaijan and Armenia, LWfG graze to some extent 

in fields on wheat, barley and maize (Zea mays) but they are also said to prefer 

feeding in steppe grasslands where sheep grazing maintains low vegetation growth 

(Lorenzen et al., 1999). 
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In important wintering quarters recently revealed by satellite-tracking on the 

border area between Azerbaijan and Iran on the shores of regulated Aras river 

(Morozov & Aarvak, 2004; Morozov et al., 2014, 2015; Lampila & Eskelin 2015; 

Lampila, 2016; Morozov et al., 2016; Lampila, 2017) large LWfG flocks graze on 

from bare looking (as seen from afar) mud-flats and sand banks, where they seem 

to feed on pioneer and succession plants, that emerge and grow, when the water 

level lowers. Diet plants are both graminoids and herbs. This is an ecological 

correspondent to the Hungarian habitat type 2 (see the previous page). 

In the border area between Turkmenistan and Uzbekistan, according to satellite 

tracking, LWfG move between artificially irrigated feeding fields of winter wheat 

on the Turkmenistan side and the roosting lakes of Uzbekistan along with much 

more numerous white-fronted geese (Morozov et al., 2016, T. Eskelin & P. Lampila 

in Piskulka web site).  

At East Dongting Lake, China (29º 10'N, 113º 50'E), where roughly 30 per cent 

of the known global population of the LWfG are nowadays winter, LWfG mostly 

used grasslands (88%), where the dominant plants were sedges and grasses 

(Markkola et al., 2000). The gizzard of a  2nd calendar-year male LWfG poisoned 

by poachers, however, contained only Rorippa sp., a Dicotyledon (Markkola et al., 

2000). In recent Chinese diet studies LWfG have been observed to select 

monocotyledons like Eleocharis spp. and Alopecurus spp. grasses. Eating mainly 

these, but not sedges (Carex spp.) maintains a positive energy budget also in winter 

conditions (Wang et al. 2013a). Larger goose species such as bean geese gained 

enough energy from sedges too (Wang et al., 2013c). The best LWfG feeding 

habitats consist of ephemeral recessional grasslands (Zhao et al., 2018), which are 

appearing when the water level goes down, and correspond ecologically to the 

succession plant communities in Hungary, Lake Kerkini in Greece and in the Aras 

area described in previous paragraphs.  

3.4.3 Factors affecting diet selection  

Based on the results of this study and existing knowledge, the LWfG is not strictly 

limited to a few particular plant species. The most important factor leading to a 

limited list of dietary species is probably the need for a special feeding habitat, 

which, according to our results, has been an extensive coastal meadow, at least tens 

of hectares in size and more than 300 meters broad. A major shift to feeding in 

fields has, however, taken place in the past 15 years. Also, feeding fields need to 

be quite large.  
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The LWfG has been, at least in the Bothnian Bay staging areas until now, more 

shy than other geese (Markkola et al., 1998b). Recently, LWfG seem to have 

become less shy probably because they graze together with other geese in fields. 

Disturbance from people and vehicles is less frequent on the remote coastal 

meadows than in agricultural areas, but disturbance on sea-shore habitats has 

increased a lot due to increasing numbers of white-tailed eagles.  

Sterbetz (1990) stressed the lack of disturbance in large puszta areas as a reason 

for the LWfG using this habitat in addition to the morphological specialiaztion of 

the LWfG, i.e. a short bill adapted for the intake of short-growth plants. Also, Wang 

et al. (2013a) argue that the small bill of the LWfG impedes its feeding in long-

leaved sedge vegetation and makes it difficult for them to get enough daily energy. 

In 2013, Wang et al. (2013a, b) concluded that food constraints explain the 

restricted – mainly to East Dongting Lake - distribution of wintering LWfG in 

China: “The specialized diet of the Lesser White-fronted Goose may explain its 

highly restricted winter distribution and global rarity”. However, as soon as the 

following year Wang at al. (2014) found that LWfG could balance nitrogen budgets 

in energy-rich habitats (Eleocharis and Alopecurus stands) but were less able to do 

so in habitats where they failed to balance energy budgets (habitats with Carex 

vegetation) and suggested that, rather than acting as a source of nitrogen, use of 

energy-poor but undisturbed habitats may represent a refuge from human 

disturbance at other habitats. And recently the same team (Zhao et al., 2018) stated 

that LWfG and other geese in China “are prisoners of degrading natural habitats 

because human disturbance and persecution keeps them from potential farmland 

feeding areas”, i.e. food choice is strongly limited by the fact that in practice LWfG 

cannot graze outside the strict nature reserves.  

This conclusion is in accordance with what we know about habitat and diet 

selection of the LWfG in Fennoscandia and Europe: They have special 

“conservative” habitat preferences but show flexible diet selection and enough 

flexibility even in choosing different feeding habitats when conditions change; the 

increased feeding in fields as an example.  

Within suitable habitats, the quality of different plants is probably the main 

factor leading to diet selection by the LWfG. The quality of food varies in different 

components such as the protein content, soluble carbohydrates, energy and 

digestibility. We did not carry out chemical analyses and the data in the literature 

are heterogeneous (Thomas, & Prevett, 1980; Duke, 1983, Sedinger, & Raveling 

1984, Budeau et al., 1991). Therefore it was difficult to determine the importance 

of the chemical composition in diet selection. However, some patterns were found: 
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The content of soluble carbohydrates, but not that of protein, ranked the plant 

species in the same order as favoured by LWfG in Hailuoto. The rank in fibre 

content, as expected, was nearly opposite to the rank in LWfG preference.  

3.5 Population genetic structure 

For 110 LWfG from four breeding, one staging and two wintering areas, 221 

nucleotides of the mitochondrial control region I were sequenced. In a previous 

study, Ruokonen et al. (2000a) had shown that this fragment of the control region 

contains approximately half of the variable sites in the whole control region in 

Anser geese. Sequence comparison revealed 19 (8.6%) variable sites in which 17 

transitions and two transversions (Table 1 in V) were observed. The variable sites 

defined 15 haplotypes. Eighty individuals (72.7%) carried one of the two most 

common haplotypes and six (5.5%) of the individuals possessed unique haplotypes. 

The remaining seven haplotypes were found in two to six individuals each. 

Haplotype frequencies in each of the sampling areas are shown in Figure 1 in paper 

V. The average pairwise nucleotide divergence among all individuals was 1.4% 

(range 0–4.2%).  

The haplotypes formed two distinct lineages (designated W and E) in the 

minimum spanning network (Figure 2 in V). Two out of the 19 variable nucleotide 

positions were diagnostic for the lineages (45, 145), and three nucleotide positions 

showed marked differences in nucleotide frequencies between the lineages (21, 114, 

200). Nine of the haplotypes (W1–9) belong to lineage W and the remaining six 

(E1–6) to lineage E. The root was located to the branch connecting haplotypes 

W1and E1 by using greater white-fronted goose sequences as an outgroup. 

The two most common haplotypes (W1, E1) are geographically widely 

distributed (Table 1, Figure 1in V). Of the remaining 13 haplotypes, 10 are confined 

to single geographical areas, and three were found in two or three localities. All 

analysed museum samples from Fennoscandia were of haplotype W1, the most 

common haplotype in the western distributional area.  

Despite a weak phylogeographic structuring of the haplotypes, the fixation 

index ØST showed a significant genetic differentiation among geographical 

localities (ØST 0.220, P<0.00001). Pairwise estimates of ØST ranged from 0.000 to 

0.489 between the localities (Table 3 in V). Overall, most of the variance can be 

attributed to differences between Fennoscandia and other localities ØST 0.134– 

0.489), as well as Yamal and eastern localities (ØST 0.111–0.135). Samples from 

Bolshezemelskaya and Yamal are indistinguishable in terms of genetic variability, 
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as are those of Taimyr and China (ØST  0.000 in both cases). As expected, Kazakstan, 

as an important migratory stopover site (see Figure 1 in V), did not show a 

statistically significant differentiation when compared to the other populations.  

Three different group structures were tested. The highest ØCT was obtained by 

dividing the data into three groups: (1) Fennoscandia, (2) Bolshezemelskaya, 

Yamal, and (3) Taimyr, China (ØCT 0.220, p = 0.065). Association between genetic 

differentiation and geographical distance between localities was not significant 

(Mantel’s test: r = 0.53, p = 0.14). However, given the small number of populations, 

it is diffcult to detect spatial correlations.  

The number of females migrating between populations per generation (NfMf ) 

was estimated from population pairwise ØST values (Table 3, V). The highest values 

were detected between Bolshezemelskaya and Yamal, as well as between Taimyr 

and China. The lowest values occurred between Fennoscandia and the two 

easternmost populations (NfMf 0.5 and 0.8). The amount of gene flow was also 

estimated by using a maximum likelihood method based on the coalescent theory 

and allowing for asymmetric migration rates among the populations (Table 4 in V). 

Gene flow from Fennoscandia to the other populations, from Bolshezemelskaya to 

Taimyr and from Yamal to Fennoscandia exceeded the rate of one female per 

generation. Similar results were obtained in three independent runs with Migrate, 

except that the gene flow estimates between Yamal and Taimyr showed some 

variation among the runs.  

Nucleotide and haplotype diversity values (Table 2 in V) were the highest for 

the Chinese wintering group suggesting that it may be a mixture of individuals from 

more than one breeding area. Indeed, in recent years a number of sub-populations 

have been confirmed to still breed in northeastern Asia from Yakutia to Chukotka 

(Artiukhov, & A. Syroechkovski, 1999; Heinicke et al., 2009; Solovieva, & 

Vartanyan, 2011; Kondratyev, 2015).  

From the breeding areas, the highest diversity estimates were obtained from 

the Yamal population, and the lowest diversity values were obtained from the 

Fennoscandian sample. In the western (Fennoscandia, Bolshezemelskaya, Yamal, 

Kazakstan) and eastern (Taimyr, China) distributional areas, diversity values were 

similar (Table 2 in V). Although nucleotide diversities were equal for the mtDNA 

lineages, the haplotype diversity for lineage W exceeded that of lineage E (Table 2 

in V).  

In the LWfG, two differentiated mitochondrial lineages occur. The most 

commonly advocated mechanism to create diverged lineages is vicariance, a long-

term extrinsic barrier to gene flow during the history of a species (e.g., Avise et al., 
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1987). Extinctions of intermediate haplotypes especially in broadly distributed 

species with little gene flow (Avise, 2000) or low dispersal distances and small 

population sizes even in a continuously distributed species (Irwin, 2002) have also 

been suggested to create gaps in mtDNA trees. Both mtDNA lineages were found 

from all breeding and non-breeding localities sampled; thus, no strong 

phylogeographic structuring was observed. The relative frequencies of lineages W 

and E change gradually across the distributional area with an average proportion of 

0.72 of W haplotypes in the western distributional area and 0.28 in Taimyr and 

further east (Table 2 in V). The LWfG is considered a morphologically monotypic 

species, which would suggest that long-term allopatric divergence has not occurred 

in the history of the species. However, differences in breeding habitats among the 

western and eastern distributional areas (see below) suggest that divergence of the 

mtDNA lineages may have taken place in allopatry.  

In the Holarctic dunlin, the European and Central Siberian haplotypes overlap 

geographically across much of the Palearctic (Wenink et al,. 1996; Wennerberg et 

al., 1999). In Taimyr and east of it, most dunlins have Siberian haplotypes, whereas 

in Yamal and westwards, the European haplotype predominates (Wennerberg et al., 

1999). This pattern is similar to that found in the LWfG. Phylogeographic breaks 

in the Yamal–Taimyr area have been also found in Arctic lemmings (Lemmus, 

Dicrostonyx, see Fedorov et al. 1999, 2003). Together these congruent patterns 

suggest that a glacial or other barrier existed in the Yamal–Taimyr area during the 

last ice age. 

Historical biogeographical factors important for the divergence of the LWfG 

mtDNA lineages seem to have been more recent than in other bird species. 

Compared to another goose species, 2.5% divergence of the LWfG mtDNA 

lineages is more recent than 6.7% divergence of lineages I and II in the snow goose 

control region I (177 bp), but comparable to the divergence of 2.3% observed 

between western and eastern individuals within snow goose lineage II (Quinn, 

1992). By comparing the dunlin sequences of European and central Siberian 

haplotypes in Wenink et al. (1996) in control region I (295 bp), the divergence of 

the lineages is 4.4%, also exceeding that for LWfG lineages.  

3.5.1 Gene flow 

Exchange of one to four females per generation is usually thought to prevent 

differentiation of mtDNA by drift alone (Wright, 1978; Crow, & Aoki, 1982). 

Estimates of gene flow based on ØST (Table 3 in V) ranged from 0.5 to 0.8 females 
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per generation (between Fennoscandia and the eastern populations) to an unlimited 

gene flow (Bolshezemelskaya and Yamal, Taimyr and China) suggesting high 

levels of gene flow between some localities. Maximum likelihood estimates of gene 

flow (Table 4 in V) suggest that only few females migrate from eastern Taimyr to 

the western populations, whereas gene flow from westernmost Fennoscandia to the 

other populations exceeded one female per generation.  

Models for estimating population structure, such as F statistics, do not make a 

distinction between historical and current population processes and thus affect 

indirect measures of gene flow (Whitlock & McCauley 1999). If the divergence of 

the mtDNA lineages took place in allopatry and mixing of the lineages is due to 

secondary contact of two ancestral populations during colonisation of the present 

breeding areas, the gene flow estimates obtained may reflect, at least partly, 

historical mixing and not necessarily on-going gene flow. 

Sex was known for 18 of the 28 individuals sampled from Fennoscandia. All 

eight known females carried haplotype W1, whereas the males carried a wide 

variety of haplotypes (5 x W1, 2 x E1, 1 x W2, 1 x W4, 1 x W8), including 

haplotypes W2, W4 and W8 that were also observed outside Fennoscandia (Table 

1 in V). Despite the possible mixing of mtDNA lineages during colonisation of the 

present breeding areas as a whole, a statistically significant difference in haplotype 

composition among males and females in Fennoscandia (Fisher’s exact test, p = 

0.036) may suggest that females show natal philopatry, but also that a considerable 

amount of male-mediated gene flow takes place.  

Considering that the Fennoscandian population is very small, the male gene 

flow observed is likely to reduce or eliminate otherwise possibly harmful effects of 

inbreeding. It is known that at least offspring production, a sensitive indicator of 

inbreeding, in Fennoscandia is comparable to that in other breeding areas of the 

lesser white-fronted goose (Aarvak et al,. 1997, I of this dissertation). Ruokonen et 

al. (2010) even showed, that the level of genetic variability in mtDNA of the 

Fennoscandian LWfG population increased sixfold during the past 140 years 

despite the declining population due to an increase in male immigration rate. The 

current and the historical Fennoscandian LWfG populations are significantly 

differentiated due to changes in allele frequencies. The male-mediated gene flow 

can on the one hand rescue the Fennoscandian LWfG population from loss of 

genetic variability, but on the other hand reduce its unique genetic characteristics 

(Ruokonen et al., 2010). 

In addition to behavioural patterns such as the timing of pair formation and the 

degree of philopatry (Greenwood, 1980; Robertson, & Cooke, 1999) which 
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influence genetic structuring of a species, existence of at least two migratory 

flyways leading to different wintering areas (with different possibilities of mixing 

of individuals from other breeding areas) and possible temporal segregation in the 

use of staging areas appear to be plausible explanations for reduction in female 

dispersal between Fennoscandia and the other breeding areas.  

Known migration routes of the species are shown in Figure 1 in V. In the time 

when these results were gained, it was estimated that approximately half of the 

Fennoscandian breeders use the westernmost migration route through Western 

Russia and Eastern Europe to the wintering grounds in Greece and Turkey 

(Lorentsen et al., 1998; Tolvanen et al., 2000) and the other half migrates southeast 

and through Kazakstan using the same staging area as breeding individuals from 

Yamal and Taimyr to unknown wintering grounds probably in the Caspian and 

Black Sea regions (Karvonen, & Markkola, 1998; Lorentsen et al., 1999; Øien et 

al. 1999a). Presently, it seems that the eastern branch is used less, but this depends 

on breeding success and predator (red fox) abundance: Successful breeders with 

their broods even migrate straight from Porsangerfjord to Greece, but unsuccessful 

breeders migrate as far east as the Taimyr Peninsula to moult in summer, and in 

autumn via Kazakhstan to the wintering areas. Low red fox numbers also seem to 

promote the persistence of unsuccessful breeders near breeding areas allowing 

them to use the shorter and more safe western migration route (Aarvak, & Øien 

2003; Øien et al., 2009; Aarvak et al., 2017). 

3.5.2 Conservation implications 

A lack of clear phylogeographic structuring of the mtDNA lineages suggests that 

the LWfG is a single evolutionarily significant unit (ESU; Moritz 1994, 2002). 

Below the ESU, another conservation unit, the management unit (MU), has been 

suggested as being important in ensuring the viability of a species. MUs are 

demographically distinct populations with a significant divergence of allele 

frequencies at nuclear or mitochondrial loci, regardless of the phylogenetic 

distinctiveness of the alleles (Moritz 1994, 2002). The Fennoscandian population 

fulfils the criteria for an MU, a finding that was not expected based on previous 

knowledge, exemplifying the utility of molecular markers in conservation. 

Demographic distinctiveness with respect to the female component is especially 

important (Avise, 1995): that is if the Fennoscandian breeding population should 

go extinct, rapid recolonisation from near-by breeding areas is unlikely because of 

female natal philopatry and the global decline of the species. 



68 

As suggested by the grouping of populations, the highest value of ØCT (0.220) 

was obtained when the total sample was divided into three groups: (1) 

Fennoscandia, (2) Bolshezemelskaya and Yamal, and (3) Taimyr and China. A 

lower value was obtained when the sample was divided into two groups 

(Fennoscandia versus other, ØST 0.197, p = 0.196) indicating that some 

differentiation also exists between the central and eastern populations. During the 

nonbreeding season, migration between the western population (wintering in 

Eastern Europe and the Black Sea–Caspian Sea region) and the eastern population 

(wintering in Central China) (Figure 1 in V) is unlikely because of an intervening 

mountainous region. This means that the eastern and western distributional areas 

are already isolated with little (if any) gene flow. 

When considering additional ecological data available for the species, the 

breeding areas of the populations differ in regard to breeding habitats and strategies 

for predator avoidance. In the western distributional area, the species breeds in open, 

spacious tundra and mountainous areas (fjelds), characterised by low vegetation 

(dwarf birches, willows, small shrubs: Friberg, 1997; Karvonen and Alhainen, 1998; 

Morozov, 2000; Mineev and Mineev, 2004, II in this work). In Taimyr and further 

east, the species breeds in a very different habitat: forest tundra and northernmost 

taiga (Øien et al., 1999a; Syroechkovsky, 2000; Romanov, 2001).  

Unlike in Fennoscandia, where the species is found around lakes and ponds, 

typical nesting places in north-western Russia are often found on riverbanks with 

the advantages of early snow-melting in spring, and close proximity to nests of 

large birds of prey, presumably decreasing the hunting pressure by arctic fox Alopex 

lagopus (Karvonen & Alhainen, 1998; Morozov, 2000; Mineev, & Mineev, 2004). 

These differences probably involve local adaptations, but are poorly studied with 

respect to, for example, ecological exchangeability (Crandall et al., 2000). In V we 

argue that “fragmentation of the distributional area of the LWfG together with 

population genetic structuring suggests that the conservation status of the species 

should be reconsidered. Dividing the species into three independent management 

units (Fennoscandia, central, eastern) would also heighten the vulnerability status 

above that currently acknowledged for the species (Tolvanen et al., 1999)”. This 

has been done, as the LWfG is classified at the moment as globally vulnerable, in 

Europe as endangered and in EU as critically endangered (BirdLife International, 

2015a,b; 2018). 

A very important result of the genetic analyses was the identification of 

hybridization/introgression with other grey goose species in the captive LWfG 

population in Sweden and Finland (Ruokonen et al., 2000b; Ruokonen, 2001). The 
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origins of the hybrid stock were most probably in Central European farms and zoos 

from where some individuals were imported to Sweden and their offspring later to 

Finland (Tolvanen, & Markkola, 1998b, Markkola et al., 1999). This finding had 

the notable consequence that the on-going captive breeding- and restocking project 

in Finland was officially cancelled after 1997, though an opposition group still 

continued for years. Sweden induced a moratorium, with no LWfG released in 

2000–2009. In a more comprehensive study, Ruokonen et al. (2007) found that 17 

(16%) individuals were carrying greater white-fronted goose mtDNA haplotypes 

and 4 (3%) even those of the greylag goose among 128 captive LWfG in Sweden. 

The method used revealed only those individuals which have inherited white-

fronted or greylag goose mtDNA from their mother, since mtDNA is inherited 

maternally. Since 2005, LWfG from the western main population in the Polar Urals 

were caught and transported from Russia to Sweden for captive breeding (Aarvak 

et al., 2016), and restocking has been continued without the barnacle goose foster-

parents. In 2010–2017, 397 LWfG were released (Schekkerman, & Koffijberg 2019; 

Anonymous, 2019) in Swedish Lapland and on the Swedish coast of the Gulf of 

Bothnia.  

Reintroduction or restocking has been criticized widely (see the extensive 

review by. Aarvak et al., 2016), and in the international action plan it was seen as 

only the last resort if other conservation efforts were to fail (Jones et al., 2008). The 

Swedish re-introduced population has not been purified from alien genes – which 

is practically impossible. Mitochondrial markers indicate participation of alien 

females in the genealogy of the stock, with all their autosomal genes as well. With 

time, the genetic constitution of the stock will be thoroughly mixed, as was shown 

in the analysis by Tegelström and Sjöberg (1995) who compared LWfG farm stock 

(high variability) with the European population of the Canada goose (highly inbred), 

and Ruokonen et al. (2007).  

Díez-del-Molino et al. (2020), however, concluded, that there is no 

introgression from the greater white-fronted goose to the Swedish introduced free-

flying LWfG population, and that the Swedish population is inbred and genetically 

distinct from wild Fennoscandian and Russian LWfG (before new captive material 

was imported from Russia). Not a single LWfG x greater white-fronted goose 

hybrid was detected, though an earlier study (Ruokonen et al. 2007) found a 

minimum of 36% of hybrids in the captive stock used for reintroductions.  

If introgression is not found, it does not logically mean that it doesn't exist, 

especially as it has already been shown. The authors speculate about possible 

reasons for the genomic differences between reintroduced and wild LWfG. They 
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propose that the differences could arise because the Swedish and Fennoscandian 

populations could originate from different refugia during the Ice Age.  

However, an analysis of historical samples using mitochondrial and nuclear 

markers showed that the Fennoscandian population used to be genetically uniform 

(V). Also the historical breeding area of the LWfG was uniform in Nordic countries 

and practically all Fennoscandian LWfG migrated in autumn to southeast using 

common migration routes and mixed in staging areas and wintering quarteers 

(Norderhaug, & Norderhaug, 1984) where pairing takes place. Although the origin 

of the Swedish captive population was never documented in detail, it is known that 

most individuals originated from wildfowl farms in Britain, Germany and The 

Netherlands (von Essen, 1996), where they have been bred at least for 100 years  

(Delacour, 1954). The establisher of the Swedish LWfG project, Lambart von Essen, 

told (by word of mouth) about only one clutch collected from Swedish Lapland to 

the breeding farm in Öster Malma. 

The conservation community in the other Nordic countries is also concerned 

about the potential negative impact of releasing fearless and human-habituated 

fledglings and yearlings without parents on the behaviour of wild LWfG when they 

mix.  

Sweden and its reintroduction allies have sadly paralyzed the updating of the 

international action plan for LWfG, because they are demanding the re-introduced 

population be afforded an equal status to the original Fennoscandian population, 

the main western population (NW Russia –Taimyr) and the eastern main population 

(wintering in China). The latter, which has not yet been included in the international 

action plan, urgently needs relevant conservation measures and the plan needs 

updating (Aarvak et al., 2016).  

3.6 Threats, conservation measures and situation today 

The international LWfG portal “Piskulka” (LWfG goose in Russian) gives the 

following list of main threats, historically and today: high mortality due to illegal 

hunting and accidental shooting  especially where closely resembling common 

white-fronts are hunted in LWfG staging and wintering areas (e.g. Øien et al., 1999b) 

 disturbance in breeding, staging and wintering areas, habitat loss and degradation. 

Lack of sufficient data about the migration routes, staging and wintering sites and 

conservation requirements at these sites has impeded and still hampers the planning 

and targeting of conservation measures in the most efficient way. 
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The LWfG was only protected by a statute as late as 1969 in Finland, but true 

regular conservation activities began much later in 1984, when the LWfG working 

group was established in the WWF. This happened even later in most other 

countries of the distribution area. The construction of the international LWfG 

conservation community is described in the introduction. Step by step it has reached 

the whole distribution area of the LWfG from Fennoscandia to the easternmost 

breeding areas in Chukotka in East Asia and wintering areas from Greece to Iraq, 

Iran and even China in the east.  

International action plans have been prepared twice (Madsen, 1996; Jones et 

al., 2009), but the third phase has not been updated, because of conflicting opinions 

concerning the status of Swedish reintroduced population (see chapter 3.5.2; 

Aarvak et al., 2016, Ekker, & BØ, 2017). In Finland, the national action plan was 

confirmed by the Ministry of Environment in 2009 (Ympäristöministeriö, 2009) 

and updating work was done in 2018, but the process has been slowed down by the 

problems in the international efforts.  

During all phases, research on ecology and conservation problems has been 

connected to regional surveys and practical conservation initiatives. Four different 

EU Life Projects have been implemented in the years 1997–2000, 2005–2009 and 

2011–2016 with varying compositions of countries, NGO´s and detailed programs, 

but with only a few quite universal aims (Kazantzidis & Naziridis 1999; Markkola, 

& Timonen, 2000; Markkola, 2001c; Mikander, 2017; Vougioukalou et al., 2017), 

e.g. 

– to locate the migration routes and wintering quarters of the different 

populations of the LWfG by satellite tracking and ringing 

– to establish protected areas in LWfG staging and wintering places 

– to target internationally supported conservation efforts to these key areas; e.g. 

to form hunting-free zones around roosting places 

– to expand the international LWfG monitoring network 

– to monitor and produce accurate estimates of LWfG sub-populations 

– to improve public awareness on the endangered status of the LWfG, especially 

among hunters 

– legal protection in the whole distribution area 

Following these general lines, knowledge about the status of the LWfG in different 

parts of the distribution area has grown enormously in the past 30 years and led to 

practical protection and management actions. Especially important have been the 

satellite tracking projects in breeding areas in Russia, and consequent field surveys 
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in satellite location places. These have revealed a number of staging and wintering 

quarters, even in countries that were not previously listed as hosting LWfG, or from 

where the data was old, including different parts of Iran, Iraq, Syria, Turkmenistan 

and Uzbekistan (Øien et al., 2005; Morozov et al., 2013, 2014, 2015, 2016, 2017; 

Karvonen et al., 2012; Timonen, & Eskelin, 2014; Lampila, & Eskelin, 2015; Ekker 

et al., 2017; Lampila, 2017). The first area protected especially for the LWfG, 

Shoininsky State Nature Reserve, was established in 1997 by a decree of the 

Governor of the Nenets Autonomous District only 16 months after the staging place 

had been revealed by a LWfG male satellite-tracked from Finland! The area is 

situated in the Kanin Peninsula northeast of the White Sea in northwestern Russia 

and it covers 164 km2 (Tolvanen, 1998).  

Although surveys in last decades have covered huge areas of breeding, staging 

and wintering areas of the LWfG and given a quite comprehensive picture of the 

distribution and magnitude of the global population, the population trend is well 

known only for the small Fennoscandian population. The time series data collected 

of this on the Bothnian Bay coast near Oulu in 1985–2021 (Fig. 4) is the longest in 

the world concerning the LWfG. The LWfG counted here represent the majority of 

the Fennoscandian population excluding some (tens?) individials probably 

breeding in the Kola Peninsula (Markkola et al., 1998; Aikio et al., 2000; Timonen, 

& Tolvanen, 2004).  

Despite of conservation measures adopted along the years, the Fennoscandian 

population declined until the early 2000´s, but finally turned to grow, and in 2016, 

at long last, exceeded the numbers when we began in 1985 (Fig. 8). On the 

Bothnian Bay coast, the lowest figure, 6 individuals, was reached in 2004, but this 

happened when the LWfG used the Bothnian Bay staging places less than earlier 

or later. Thus, the Fennoscandian population was never less than 60 individuals or 

20 breeding pairs, which could be confirmed in other staging places along the 

flyway in Hungary, Estonia and Norway and in wintering quarters in Greece 

(Tolvanen et al., 2009; Aarvak et al., 2017a). In 2016, the Fennoscandian 

population had already increased to 30–35 breeding pairs (Aarvak et al. 2017b). 

Furthermore, as goslings (and/or their mates) were being recruited to the population, 

after the excellent breeding success in 2015 and 2016 the population size could be 

estimated as 50 breeding pairs (J.Markkola, unpublished). In winter 2015–2016, 

the maximum number of LWfG for decades, 144, was counted in Greece (Demertzi 

et al., 2017). 

After 2014, LWfG were practically not observed at all in Estonia after a shift 

from Matsalu bay to the Haapsalu area, where active driving away of geese took 
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place for years in fields (Tolvanen et al., 2017). In May 2018 a LWfG male, later 

known as Mr. Blue, was tagged with a GPS collar at Porsangerfjord, Norway, and 

in 2019 he revealed a new important staging place for Fennoscandian LWfG on the 

isle of Hiiumaa, western Estonia (Øien, & Aarvak, 2021). After the very bad 

breeding season of 2020 at least 27 LWfG staged in a hunting-free zone of the Bay 

of Liminganlahti in September along with great flocks of bean geese – for the first 

time after the 1970´s on the Bothnian Bay coast. In the autumn 2021 a brood and 

at least four other LWfG again staged at Liminganlahti area. 

Elasticity and life table response (LTRE) analyses indicated that adult survival 

contributed more to population growth than juvenile survival and fecundity. We 

calculated that an increase in adult winter survival from 0,875 (observed) to 0,926 

(6 % increase) would stop the population decline. In juvenile survival, the 

corresponding change would be from 0,239 to 0,360 (50 % increase; Lampila, 2001; 

Markkola, & Lampila, 2009). For fecundity, we concluded the required change 

would exceed the estimated maximum value and hence is likely impossible to 

achieve. Paradoxically, it required only the good breeding years of 2015–2016, to 

turn the Fennoscandian population to growth. The estimated mean rate of increase 

per year (λ) in 1993-2001 was 0.974 for migrating birds on Bothnian Bay coast. In 

2001–2019, it increased to 1.18 (J.Markkola et al., unpublished). The upturn took 

place in rodent peak years (Aarvak et al., 2017a; Morolla et al., 2019). An important 

finding was that good breeding years had a double importance, because successful 

breeders with their broods migrated straight to Greece, instead of the loop of 

migrating first to Siberia to moult and then towards Greece via Central Asia, a route 

many thousand kilometres longer (Tolvanen et al., 2009; Øien, & Aarvak, 2009).  

In European northwestern Russia west of the Ural Mountains LWfG have been 

found still to be breeding in Malozemelskaja (Mineev, & Mineev, 2004) and 

Bolšezemelskaja tundra (Morozov, 1988, 2000; Morozov et al., 2004, 2013-2016a). 

Morozov and Syroechkovski (2002) and Morozov (2006) according to Rozenfeld 

et al. (2016), estimated the LWfG population size between the White Sea and the 

Urals in the spring as 500–700 and 500–1000 in the autumn. This estimate was 

conservative and extrapolated using densities of well-surveyed areas. In August 

2015, Rozenfeld and Kirtaev (2016) organized a large scale survey of geese at 

Baydaratskaya Bay on the border between Europe and Asia and found 1 352 adult 

LWfG and 391 goslings.  
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Fig 8. Numbers of lesser white-fronted geese observed on Bothnian Bay coast 1985-

2021. 

In September 2015 Rozenfeld et al. (2016) made a gigantic ultralight aeroplane 

survey from Arkhangelsk to the Jamal Peninsula E of the Ural Mountains and along 

Ob River southwards. 7 177 LWfG were identified. In the sample LWfG 

represented 3% of all geese, and an estimation of 21 600 LWfG resulted for the 

whole area. This sounds high (but see the next paragraph), because the breeding 

area of the main western LWfG population reaches the Taimyr Peninsula 1200 km 

further east, and there were still a few geese present along Ob river, where goose 

migration both from the west and east is known to continue southwards to 

Kazakhstan. 

The western main population gathers along a funnelling flyway in 

northwestern Kazakhstan in autumn, and then distributes in a fan-shape southwards 

to a number of wintering quarters (Lorentsen et al., 1998; Aarvak, & Øien, 2003; 

UNEP WCM, 2003; Cuthbert et al., 2018). Vinogradov (1990) gave a rough 

estimate of not less than 100 000 staging LWfG in Kazakhstan without specifying 

the exact years. During last decades, the estimates of the western main population 

have been in the magnitude of 8000–13000 based on counts in northwestern 

Kazakhstan (Tolvanen, & Pynnönen, 1998; Jones 2008). Extensive surveys of 

autumn 2016 in northwestern and northern Kazakhstan (Cuthbert et al., 2018) 

revealed, however, that this most important stop-over of the western main 
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population (northwester Russia – Central Siberia) hosted as many as 34250 (28500-

40100) LWfG. This is the highest figure of LWfG for decades, but it tells more 

about the exceptionally extensive coverage of the survey, than about population 

growth after earlier surveys.  

South of Kazakhstan, were the LWfG disperse to a number of still scarcely 

known wintering quarters, few census numbers are available. The most remarkable 

finding was the wintering area on the shores of the Aras river between Iran and 

Azerbaijan, where a top count of 7400 LWfG was made in February 2017 (Z. Elahi, 

A. Hashemi, O. Yusefi, T. Eskelin, P. Lampila, & T. Aarvak in Piskulka). Aras has 

been visited also by LWfG tagged in the Polar Urals by Vladimir Morozov and his 

colleagues (T. Aarvak in Piskulka).  

The eastern main population of the LWfG winters in China and there nearly 

exclusively at Dongting Lake, Hunan Province in central-southern China (Lu, 1990; 

Markkola et al.., 2000; Barter et al., 2004; Wang et al., 2012, 2013b; Jia et al., 2016; 

Wang, 2019). It breeds east of the migration divider of the main western and eastern 

LWfG populations between Taimyr and Yakutia and as far east as the Chukotka 

Peninsula near the Bering Strait (Artyukhov, & Syroechkovski, 1999; 

Syroechkovski, 1999; Heinicke et al., 2009; Solovieva, & Vartanyan, 2011; 

Kondratyev 2015). The number of LWfG at Dongting Lake was estimated as 

11000–17000 in 1997–1999 (Iwabuchi et al., 1997; Markkola et al., 2000). In the 

first years of the 2000´s the estimate was 20000 (Wetlands International, 2006).  

In an extensive waterfowl survey of East Asia 14000–19000 LWfG were found, 

all at Dongting lake (Jia et al. 2016), emphasizing the outstanding importance of 

this place, but indicating more decrease than increase. The most recent article about 

Dongtingf Lake population is, however, alarming: “Rapid decline…” (Peiru et al., 

2020). For the winters 2017/2018–2019/2020 they give 3969, 2124, 3735, i.e. c. ¼ 

of the previous years! There are, however, gaps in the data: The LWfG figures in 

the article before 2011/2012 are 16923, 8636, 2970, 15234, 10216, 16748 and 

24133. The 2011/2012 figure is missing as well as the next years until winter 

2015/2016. The next again is missing, and after that come the above mentioned low 

figures. This means: In 5 of the 9 winters since 2011/2012 there are no figures of 

LWfG at all from Dongting Lake. It seems probable that LWfG counts nowadays 

do not covere the whole of Dongting Lake and the figures before and after the 

winter 2010/2011 are not compatible. Other explanations are possible too, such as 

high water levels covering feeding places of the LWfG in recent years. This needs 

careful research holding in mind the exceptionally important role of Dongting Lake 

to the global population of the LWfG, 
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The LWfG is classified as globally vulnerable, and the world population was 

recently estimated at 24000–40000 individuals (IUCN, 2018). After the extensive 

surveys in Kazakhstan in 2016 (not yet included in IUCN 2018 figure) and using c. 

10000–20000 birds (but see the previous paragraph) for the Eastern main 

population (Yakutia – East Siberia) wintering in China (Wang et al., 2012; Wang, 

2019), the estimated world population is c. 40000–50000. Despite huge progress in 

locating important staging and wintering areas and their preliminary surveys, we 

cannot yet reliably estimate population trends in different parts of the distribution 

area of the LWfG, except along the so called European flyway between 

Fennoscandia and Greece. The implemented large-scale surveys and distribution 

studies (e.g. Tian et al., 2021) still offer a good basis for future work and analysis 

of population trends.  
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4 Conclusions and future prospects 

Knowledge on the status of the LWfG, in all populations of the species, the tiny 

Fennoscandian, the main western and the main eastern, has increased enormously 

during last 30 years. I have tried to do my bit. Conservation measures have been 

developed and implemented but still the trend of populations is known only for the 

very small Fennoscandian one. In spite of its large distribution area, LWfG goose 

remains the second scarcest goose species in the world, after the very local resident 

hawaiian goose (Branta sandicensis) with a population of c. 2500 individuals, 

which is not self-sustaining (IUCN, 2018). Geese have a good reproductive 

potential, and the story of the of the Aleutian cackling goose (Branta hutchinsii 

leucopareia), as an example, is encouraging: Believed to be extinct, primarily due 

to predation by arctic foxes introduced to the breeding islands, it was found again 

in 1962. Fox removal and captive breeding programmes boosted the remarkable 

recovery of the sub-species from 790 individuals in 1967 to more than 30 000 in 

2001 and over 100 000 in 2011 (Mini et al., 2011).  

In a preliminary study on the impact of climate change to arctic and sub-arctic 

waterbirds, Zockler and Lysenko (2000) predicted a reduction of LWfG habitats 

and population by 27% in 2070–2099. The method was probably not very well 

suited to this species because important parts of the main populations breed in the 

forest-tundra zone (Rogacheva, 1992; Øien al. 1999a) and not in the open tundra, 

the contraction of which was used as the basis of predictions. On the other hand, it 

can better suit the Fennoscandian population, which breeds in open oro tundra 

landscapes (Friberg 1997; Markkola et al., 1998a, II in this work). Nágy, S. (2019) 

is working on updating the impact assessment of climate change, but results are not 

available so far.  

The Fennoscandian population has been increasing recently, but is still 

critically endangered. A new step upwards was expected in 2020, but didn’t happen, 

as breeding was unsuccessful (snowy and cold fore-summer, only one gosling 

observed), many migrated to moult in the east and all seem not to have returned to 

the population; the number of wintering LWfG in Greece were in autumn 2020 – 

spring 2021 the lowest since the winter 2014–2015 (observations in Piskulka). 

Conservation measures have been, however, mostly successful, such as 

safeguarding the key sites from hunting and poaching, especially in Greece and 

Hungary (Tolvanen, 2019). The importance of the Bothnian Bay coast in spring has 

returned to its former high level, but feeding in fields is much more common that 

earlier. A good number of further research needs can be identified: 



78 

– To study the impact of human interference and predation and disturbance 

caused by white-tail eagles (and other predators) on the LWfG in breeding and 

staging areas. 

– To build a model of wind and other weather conditions, which predict the 

migration moment of LWfG from Estonia through Finland (and maybe all the 

way from Greece to Norway) to be used in wind power management to avoid 

crashes. 

– To study the status of vegetation in former breeding areas using data collected 

in the 1990´s for comparison, especially in relation to impacts of reindeer 

grazing. 

– To study the match or mismatch of the earlier arrival of LWfG to breeding areas 

in relation to the development phase of dietary vegetation. 

– To study behavioural patterns and reproduction success of the LWfG in relation 

to other goose species, human activities and predators. 

– To survey the Kola Peninsula breeding areas to enable a more precise estimate 

of the Fennoscandian population. 

– To study why the importance of the Hortobágy pusza in Hungary has decreased 

both in autumn and in spring and reasons to the increased importance of Lake 

Kerini and the decreased favour of the Evros delta in Greece by the LWfG 

– To study methods for expanding the suitable wintering area in Greece for the 

LWfG, which over-winter practically in one flock and are exposed to possible 

harmful random effects such as avian flu. 

– To continue satellite tracking of the western main population in Russia and, if 

possible, catching LWfG in new areas to avoid the possible bias in the location 

data caused by use of birds from the same breeding areas. It seems that nearly 

¾ of western main population of LWfG are wintering in unknown places, as 

shown by figures counted in staging areas of Kazakhstan and in known 

wintering quarters. 

– To survey new staging and wintering sites revealed by tracking this far and in 

the future. More information about the situation in old wintering quarters in 

Azerbaijan is needed. 

– To map the situation of hunting-free zones around roosting lakes in Kazakhstan. 

– To map more staging areas of the main eastern population wintering in China.  

– To study methods of expanding wintering quarters of the main eastern 

population that almost exclusively winters at East Dongting Lake in China. The 

threats are equal to those at Lake Kerkini in Greece, but the scale is much 

bigger with tens of percents of the global LWfG population in one place. 
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The lesser white-fronted goose has proved to be a good indicator species of 

important wetlands in the Arctic, along the migration routes and in the wintering 

quarters. Thus, lesser white-fronted goose conservation is also promoting other 

conservation activities like establishing protection areas and conservation of other 

endangered species, the sustainable use of natural resources, and hunting 

regulations (Tolvanen, & Markkola 1998a). 
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