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Bean Goose migration shows a long-term temporal shift to
earlier spring, but not to later autumn migration in Finland
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Climate change can challenge the inherited or learned behavioural patterns that were
useful in the past. In particular, it may change the spatio-temporal dynamics of migratory
behaviour in birds. Here, we explored a 40-year-long time series of Bean Goose (4nser
fabalis) observations using a citizen science database (tiira.fi — BirdLife Finland) to
link the timing of the migration across last forty years and with the large-scale temporal
weather fluctuation described by an index of North Atlantic Oscillation (NAO). During
1978-2018, the peak of spring migration of the Bean Goose has advanced approximately
a month, whereas the timing of autumn migration has remained more similar across
the years. The NAO index was associated only with spring migration. Strong temporal
changes of the Bean Goose migration are evident as they adjust their migratory behaviour

to changing spring conditions.

1. Introduction

Migration is an adaptation to a seasonally changing
environment (Herrera 1978). It is a widespread
phenomenon throughout animal kingdom and is
known to occur among many taxa such as birds,
fish, insects, and mammals (Shaw & Couzin
2013). Migratory birds move between breeding
and wintering grounds following availability of
recourses (Cox 2010). In the northern hemisphere,
where winter weather conditions limit the availa-
bility of resources, birds move to lower latitudes
in autumn and return when the resources in the
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north become available again (Newton & Brockie
2008). Spring migration back to breeding areas
may increase the breeding success of migrants
due to more resources (i.e., food and nest sites)
available and possibly less competition in north
(Newton & Dale 1996). Generally, similar re-
source-seeking migratory behaviour among birds
is globally widespread and exists in all continents
(Newton & Brockie 2008).

Climate change can challenge the inherited
or learned behavioural patterns that were useful
in the past, such as spatial as well as temporal
dynamics of migratory behaviour in birds (Mayor
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et al. 2017). Global warming has shortened the
period with cold temperatures in the northern
hemisphere (IPCC 2018) and as a consequence,
many birds return to their breeding sites earlier
and leave to the south later (Saino ef al. 2011,
Koléatova et al. 2017, Mayor et al. 2017, Usui
et al. 2017, Nuijten et al. 2020). Temperature
affects the timing of migration by influencing the
availability of resources such as food and water
(Newton & Brockie 2008). Also, local weather
conditions (e.g., wind, precipitation) impact the
timing of migration in birds (Erni et al. 2002)
and as many species use local weather as a cue to
migrate, migration is broadly affected by dynamic
high- and low-pressure weather systems along the
migration route (Dokter et al. 2011).

The ability to respond to changing environ-
mental conditions, however, varies between
species (Usui et al. 2017). Previous studies have
reported the connection between climate change
and the migratory behaviour of birds (Saino et al.
2011, Usui ef al. 2017), and especially a trend of
advancing spring migration has been recorded in
many species (Kolarova et al. 2017). Short-distance
migrants are usually more responsive to climate
change than long-distance migrants (Kolarova
et al. 2017) because short-distance migrants can
follow the changing temperatures while long-
distance migrants use more endogenous cues such
as circadian rhythm to time their migration (Mayor
et al. 2017, Usui et al. 2017). Population declines
have been observed, particularly in migratory
birds that do not adapt to increasing spring
temperature and advancing phenology (Meller
et al. 2010). Therefore, information on how
well species adapt their migration behaviour on
long-term is important for understanding species'
adaptability to large-scale environmental changes.

Here, we examined the Bean Goose (Anser
fabalis) migration timing in Finland using ob-
servation data collected in southern Finland over
the last 40 years. Bean geese observed in Finland
belong to two subspecies, the Taiga Bean Goose
(Anser fabalis fabalis) and the Tundra Bean Goose
(Anser fabalis rossicus). Both were included in
the study and were not separated in the analysis
(as separating them may be unreliable, refer to
methods).

The Taiga Bean Goose starts its spring
migration in February from the western Baltic Sea
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region, where most of them winter (Heinicke ez al.
2018). The birds arrive in Finland between March
and May. The Taiga Bean Goose breeds mostly in
north-west Russia, northern Sweden, and central
and northern areas of Finland (Piironen et al.
2022a). The birds coming to breed in Finland or
passing through the country migrate across entire
Finland. The autumn migration of the Taiga Bean
Goose occurs between late August and October.

The Tundra Bean Goose migrates across
Finland later than the Taiga Bean Goose both in
spring and autumn (Piironen et al. 2022b). The
spring migration occurs between April and May
when the birds migrate through southeast Finland
to their main breeding grounds in northern
Russia. The autumn migration occurs between
late September and October. As migrants of
the Bean Goose pass through southern Finland
annually, long-term migration observations are
valuable to be studied from a temporal perspec-
tive from this location.

We set out to answer two questions. Our first
research question was whether the timing of the
Bean Goose migration has changed between the
years 1978-2018. We hypothesized that due to
warming climate, the spring migration of the Bean
Goose has advanced (i.e., masses arriving earlier)
and the timing of the autumn migration delayed,
as short-distance migrants have been shown to
be able to respond to the prevailing climate con-
ditions (Saino et al. 2011). The second research
question was whether the large-scale weather con-
ditions, described by North Atlantic Oscillation
(NAO), during the migration period are linked to
the timing of migration. NAO dictates the climatic
conditions in Europe (see further methods; Hurrell
1995) where wintering and breeding grounds of
the Bean Goose are mostly located (Piironen ef al.
2022a, Piironen et al. 2022b). Thus, it may indi-
rectly influence the timing of migration (Newton
& Dale 1996, Emi et al. 2002).

2. Materials and methods
2.1. Long-term migration data
We used data from a citizen science bird

observation database Tiira of BirdLife Finland
(tiira.fi). Tiira is an online portal where anyone
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can report their observations. We used all the
Bean Goose observations (i.e., 4. f. fabalis and A.
[ rossicus were pooled, as identifying them from
distance is unreliable) that were made in southern
Finland (Kymenlaakso, Southwest Finland, Sata-
kunta, and Uusimaa) between 1.1.1978 and
31.12.2018. We used all the information that is
mandatory to report on each observation: date of
observation, number of birds observed, location
and species. The status of observed birds, e.g.,
migrating or local, can also be reported but this
information is voluntary and not included in all
observations. We used all observations, disregard-
ing their status. We assumed the observed birds in
our study area in southern Finland to be mostly
migrating as their breeding grounds are located
further north. This might, however, cause some
inaccuracies. If a large group stays in the area for
a longer time, it might be observed and counted
several times.

Spring and autumn migration periods were
processed as separate datasets. Timespan was

chosen as 1.1.-30.5. for spring migration and
1.8.-31.12. for autumn migration. We converted
calendar dates to Julian dates (DOY, day of year)
to make data easier to handle statistically. We
decided to include the observations only from
southern Finland to reduce the possibility of
counting the same individuals more than once
along their migration route as they move through
Finland. Also, including only the observations
from southern Finland prevents counting the birds
that have already arrived at their breeding grounds
in central or northern Finland. The number of
observations was 34,269 in the spring and 13,877
in the autumn. The sum of the birds observed
was 3,613,619 in the spring and 678,150 in the
autumn. The mean flock size (number of geese in
one observation) was 89.1 (SD +320). We studied
the change in the timing of early, middle, and late
phases of migration using dates when 5%, 50%,
and 95% of the cumulative sum of migrants was
reached (i.e., temporal distribution of masses,
rather than early or late observations, Fig. 1).
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Fig. 1. The western distribution of Bean Goose populations (A). The map is modified for illustrative purposes from
Heinicke et al. 2018 and should only be considered to highlight the main distribution of the Taiga Bean Goose (Anser
fabalis fabalis) in comparison to Tundra Bean Goose (Anser fabalis rossicus). The map shows summer (s) and winter
(w) distributions for A. f. fabalis (orange, yellow) and A. f. rossicus (pink, purple). Noteworthily, the location of Finland
is central to bean goose migration routes (in between the two arrows). In our study however, we focused on both
sub-species together, because their separation is not reliable from migrating individuals in our dataset as majority
migrates through north Europe. The timing of migration in the data characterized by histogram plots for spring (B)
and autumn (C). Analysis included observations from southern Finland (regions Kymenlaakso, Southwest Finland,
Satakunta and Uusimaa). The change in the timing of early, middle, and late phases of migration was observed using
5™ (start), 50" (middle), and 95" (end) percentiles of the observed migrants, respectively. DOY (here: day of year)
refers to Julian days (1.1.= 1). The Taiga Bean Goose (Photo taken on Lista, Norway by Marton Bernsten) image was
modified from Wikimedia Commons and used under CC BY-SA 3.0 licence.
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Citizen data typically contains weaknesses
that may reduce its reliability (Callaghan et al.
2019). Data is not collected systematically, and
observation effort is usually spatially and tempo-
rally unevenly distributed. We studied the timing
of migration, and therefore temporal shifts in
observation efforts may affect our results. In our
analysis, we assumed that the activity of bird-
watchers has not changed considerably across the
years so that it would have resulted in differential
detectability of a large waterfowl, which bird-
watchers have been traditionally used to identify.
Another weakness in this data is the impossibility
of controlling the expertise of the birdwatchers and
therefore all the identifications may not be correct.
Due to large number of data points, we estimated
that the patterns of migration were not substantial-
ly impacted by the incorrect observations.

2.2. Large-scale weather conditions

North Atlantic Oscillation (NAO) is a large-scale
atmospheric circulation pattern that describes the
weather oscillation (i.e., atmospheric pressures,
wind directions, precipitation) on the Northern
Atlantic Ocean (Hurrell 1995). It is measured by
an index that describes the monthly difference
in atmospheric pressure at sea level between
the Icelandic Low and the Azores High. For
example, positive NAO correlates with warm
and moist winters in Europe, and negative NAO
correlates with cold and dry winters.
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We studied the effect of large-scale weather
phenomena on long-term migration dynamics by
examining the relationships between the timing
of migration and the NAO index. We used the
daily NAO index to calculate the average NAO
for the spring and autumn migration periods for
each year. Average NAO between January and
May was used for spring migration and average
NAO between August and December for autumn
migration. Several studies have found a connec-
tion between the average NAO index during the
migration period and the timing of the migration
(Gunnarsson et al. 2006, Van Buskirk ef al.
2009, Kim et al. 2015). NAO index we used was
provided by the Climate Analysis Section, NCAR,
Boulder, USA. Measuring points are in Lisbon,
Portugal and Stykkisholmur/Reykjavik, Iceland.

2.3. Statistical analyses

We used Pearson product-moment correlation to
study the temporal trend in the timing of migration
during the last 40 years. We studied the year and
early, middle, and late phases of the migration. We
used observation date as a response variable and
year as a predictor variable.

To study the relation between NAO index and
the migratory behaviour of the Bean Goose, we
used linear regression. We built models separately
for the early, middle, and late phases of migration.
We used observation day as a response variable,
and year and average NAO as predictor variables.
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Fig. 2. Bean goose migration shows a long-term shift to earlier spring migration but not to later autumn migration.
Relationship of spring (A) and autumn (B) migration dates to the observation year when 5% (start), 50% (middle), and
95% (end) of the cumulative sum of birds had been reached for that year.
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We included the year to account for the temporal
change in the timing of migration using the regres-
sion analysis. All analyses were performed with R
program version 4.1.2 (R Core Team 2021).

3. Results

Over the 40-year-long research period the Bean
Goose spring migration has advanced in all the
phases of migration (Fig. 2A). The change, i.e.,
days per year, was strongest in the early (r=—0.66,
n=41, p<0.001) and middle (r=—0.72, n=41,
p<0.001) phases. The timing of migration has
also advanced in the latest phase of the migration
(r=—0.37,n=41, p=0.02), although much less so.
Specifically, the early phase of spring migration
has advanced 26 days (p<0.001, SD=4.5), the
middle phase has advanced 30 days (p<0.001,
SD=+4.9) and the late phase has advanced 7 days
(p=0.02, SD£2.9). In the spring, NAO index

correlated with the early phases of migration
(Table 1).

Regarding the autumn migration (Fig. 2B),
the timing of autumn migrants had only changed
in the early phase (r=—0.66, n=41, p<0.001),
by advancing by 17 days (p<0.001, SD+3.3)
for the entire 40-year period. A temporal trend of
later (or earlier) migration was non-significant for
the middle and late phases. In the autumn, NAO
index was not found to be associated with the
timing of migration (Table 1).

4. Discussion

We show that during the past 40 years the spring
migration of the Bean Goose has advanced
by nearly a month. The beginning of autumn
migration has advanced by two weeks. In spring,
the timing of migration was also affected by
NAO index in the early phase of migration.

Table 1. Relationship of spring and autumn migration dates to the observation year and the average NAO index. The
connection was tested separately on days when 5%, 50%, or 95% of the cumulative sum of birds had been reached.

We used a linear regression analysis as a statistical model.

Estimate Std. Error t-value p-value
Spring 5% Intercept 1363 227 5.99 <0.001
NAO -14.7 5.27 -2.78 <0.01
Year -0.63 0.11 —-5.56 <0.001
50% Intercept 1589 236 6.74 <0.001
NAO -3.99 5.47 -0.73 0.47
Year -0.74 0.12 —6.26 <0.001
95% Intercept 466 140 3.32 <0.01
NAO -5.68 3.26 -1.74 0.09
Year -0.17 0.07 -2.38 0.02
Autumn 5% Intercept 1082 153 7.07 <0.001
NAO -0.57 3.48 -0.16 0.87
Year -0.41 0.08 -5.39 <0.001
50% Intercept 262 158 1.66 0.11
NAO 0.64 3.59 0.18 0.86
Year 0.01 0.08 0.06 0.95
95% Intercept -36.4 401 -0.09 0.93
NAO 9.69 9.12 1.06 0.30
Year 0.16 0.20 0.81 0.42
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Such correlation was not observed in autumn
migration.

Our data shows that migrants are arriving
carlier in our study area in southern Finland,
but we were not able to track the progression of
migration along the migration route. This means
that while arrival on southern staging grounds
has advanced, this does not necessarily mean that
arrival on the breeding grounds has also advanced.

The change in spring migration might be
the result of the elevated winter and spring tem-
peratures (IPCC 2018, Ruosteenoja et al. 2016).
As a short-distance migrant, the Bean Goose
can possibly react to local weather conditions
and follow the progressing spring as they move
towards their breeding grounds in higher latitudes.
Subspecies Taiga Bean Goose and Tundra Bean
Goose differ in their timing as the Taiga Bean
Goose starts to arrive in Finland earlier than the
Tundra Bean Goose. Yet, all the phases of spring
migration have advanced by one to four weeks,
and thus, it is likely that there has been a change in
the timing of both subspecies.

Migratory birds may shorten their migratory
journey in warm winters (Usui et al. 2017), and
the wintering grounds of the Bean Goose have
partly moved closer to its nesting areas (Nilsson
2011). However, there is variation between years
as the Bean Goose might migrate further south
on cold winters, as shown in a study by Nilsson
(2013) where the number of wintering Bean Geese
correlates negatively with January temperatures in
southern Sweden. The shortening of the migration
journey may have some connection to the progres-
sively earlier arrival in Finland. However, in this
study, we were not able to determine the migration
distance and in previous studies, migration distance
has not been shown to explain the advancing
arrival on breeding grounds (Gunnarsson et al.
2006, Nuijten et al. 2020). This could indicate
that the advanced arrival in Finland is most likely
caused by a shortening stay on wintering grounds.

The early phase of the spring migration was
connected to NAO index. Positive NAO index
during winter months correlates with warm winter
weather in Europe (Hurrell 1995). As the timing of
spring migration and NAO index are connected,
early spring migration is plausibly a result of
warm winters. A similar connection between
positive NAO index and spring migration was
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observed in a study of Icelandic migrants when
several species advanced their migration after
mild winters (Gunnarsson & Tomasson 2011).

In the autumn, the Bean Goose showed
advanced timing of migration. However, only
the start of their autumn has shifted forward.
The early migrants are most likely successful
breeders from the subspecies Taiga Bean Goose
and their offspring, who have advanced the start
of their migration from their breeding grounds on
boreal zone. Non-breeding and unsuccessfully
breeding taiga Bean Geese migrate to moult on
Novaya Zemlya in the Arctic Ocean (Piironen et
al. 2021). Moult migrants stay on Novaya Zemlya
for approximately three months and start their
autumn migration later than successful breeders.
Moult migrants form a large part of the popula-
tion and thus, their movement has a major effect
on the observed timing of the autumn migration
(Piironen et al. 2021). Noteworthily, we must
acknowledge that we cannot reliably separate
the contribution of the Tundra Bean Goose in
our data, and it is possible that their later timing
compared to the Taiga Bean Goose (Piironen et al.
2022b) may complicate the interpretation of the
autumn migration.

Because of climate change, also autumns in
Finland are getting warmer, though the trend is
not as strong as in spring (Ruosteenoja et al. 2016,
IPCC 2018). Contrary to our prediction, the Bean
Goose has not delayed the main timing of the
autumn migration, which could indicate slower
autumn migration and stopping to feed in suitable
sites across the migration route. Migratory birds’
responses to climate change are more versatile
in the autumn than in the spring, but many short-
distance migrants have delayed their autumn
migration significantly (Jenni & Kéry 2003).

In autumn, the timing of migration was not
connected to NAO index. The breeding grounds
of the Tundra Bean Goose reach outside the
area that is affected by NAO, which may partly
explain this result. The effect of NAO is greatest
in winter months (Hurrell 1995), which may also
explain why spring migration follows the index
more closely. Start of the autumn migration is
probably more linked to local weather conditions
on breeding grounds.

In spring, advancing the migration to follow
the progressing spring is important as the young
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plants are important food for birds because of
the high nutrition quality (Lepage et al. 1998).
High-nutrient food is especially important for the
survival of goslings (Doiron et al. 2015). Autumn
migration, on the other hand, is not subjected to
a similar selection pressure which may partly
explain why the change in the timing of migration
is greater in spring than in autumn (Koélzsch et
al. 2016). The Bean Goose is a single-brooded
species and a longer stay on the breeding grounds
would probably not improve its breeding success.

Our results are in line with the short-distance
migrants’ ability to adapt to climate change by
adjusting their migration behaviour (Kolafova
et al. 2017). The ability to change the timing
of migration suggests that the Bean Goose has
the potential to adapt to environmental changes
through its migratory behaviour. A four-week
advancement in spring migration is a major shift
in a species' migratory behaviour and one of the
largest shifts documented so far (see also, Nuijten
et al. 2020).

Metsihanhen muutto Suomessa on aikaistunut
keviilld, mutta ei syksylla

Ilmastonmuutos vaatii eliditd mukauttamaan
perinndllisid tai opittuja kéyttdytymismallejaan
muuttuviin ~ ympéristdolosuhteisiin.  Erityisen
alttiita muutoksille voi olla erilaisten habitaat-
tien vélilldi muuttavat linnut, joiden selviy-
tyminen on yhteydessd muuton onnistuneeseen
ajoittamiseen. Téssd tutkimuksessa kdytimme
metsdhanhesta (Anser fabalis) avoimeen lintu-
tietopalveluun, Tiiraan (tiira.fi — BirdLife Suomi),
kerittyjd havaintoja selvittddksemme, onko lajin
muuton ajoituksessa tapahtunut muutosta vii-
meisten 40 vuoden aikana. Lisdksi selvitimme
ajoituksen yhteyttd muuton aikaiseen suur-
sadtilaan kayttdmalld Pohjois-Atlantin suursdé-
tilaa kuvaavaa NAO-indeksid. Tutkitulla ajan-
jaksolla 1978-2018 kevddn paamuutto on aikais-
tunut kuukaudella. Syysmuuton kohdalla muutos
oli vidhiistd. NAO-indeksi oli yhteydessd vain
kevddn ensimmadisten muuttajien ajoitukseen.
Kevitmuuton voimakas aikaistuminen osoittaa
metsdhanhen sopeuttaneen muuttokayttiytymis-
tdén vastaamaan kevdan muuttuvia olosuhteita.
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