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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

|Z| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

|Z’ The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X| A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

XI A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX 0O OO0 0 XOS

|Z| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We filtered, processed and analysed the body mass data and tracking data using the code that is available on Figshare (https://
doi.org/10.21942/uva.28597007).

Data analysis All analyses were conducted in R version 4.2.3. The code used to analyse the data is available on Figshare (https://doi.org/10.21942/
uva.28597007).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Code used to perform the analysis and the snowmelt data are available at Figshare (www.doi.org/10.21942/uva.28597007). The GPS tracking and body mass data




used in the analysis are not openly available, but extracted from www.movebank.org and www.geese.org with permission from the concerned data owners (see
Supplementary Table 3). The code includes downloading the data from Movebank for all tracking studies, given that collaborator rights to the studies are acquired.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender NA

Reporting on race, ethnicity, or NA

other socially relevant
groupings

Population characteristics

Recruitment

Ethics oversight

NA

NA

NA

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences

|:| Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Non-experimental, statistical analysis of body mass data of wintering birds and GPS tracking data of spring-migrating birds. Body
mass data were used to determine an onset of mass increase. Subsequently, individual GPS tracks were used to calculate time spent
fuelling during the entire migration. Finally, we used statistical models to explain variation in the time spent fuelling with departure
from the winter grounds, and the timing of spring in the breeding area.

Previously collected data from five waterfowl species that winter in northwestern Europe and breed in various regions within the
Eurasian Arctic: dark-bellied brent goose (Branta bernicla bernicla), barnacle goose (Branta leucopsis), greater white-fronted goose
(Anser albifrons albifrons), pink-footed goose (Anser brachyrhynchus) and Bewick’s swan (Cygnus columbianus bewickii). Sample
sizes ranging between 33 (brent goose) and 88 (barnacle goose) individuals per species. We chose these species because of the large
amount of available information on migration (tracking data) and migration fuelling (body mass data). Body mass data were derived
from www.geese.org, tracking data from www.movebank.org (see Data availability statement). We used adult individuals of both
sexes. Sample sizes are large, so they are meant to represent the flyway populations from which they are derived.

All data were previously collected, so we refer to previous studies for information about sampling strategies (see references in
Methods section Tracking data).

Body mass data were directly measured during catching by many different people involved in catches over the years. Tracking data
were collected automatically through GSM networks, or in the case of older devices, by manually reading out loggers (for an
overview, see Supplementary Table 3).

Body mass data ranged from 1972 until 2024 with variation among the populations in how their data are distributed over the years.
Brent geese body mass data extend furthest back (1972), whereas data from the other species is concentrated in the 90s, or
between 2000 and 2024 (Supplementary Figure 3). Tracking data ranged from 2011 — 2024, with some variation among the
populations in how their data are distributed over the years or decades.

Juvenile birds were excluded from the analysis, since they occur in much smaller quantities in both the body mass and tracking data,
whereas their migration ecology (e.g. foraging, timing) may be different from adults.

Our study is non-experimental; we made statistical models of time spent fuelling with covariates departure date and timing of spring.

We used an AIC model selection procedure to determine predictor importance. The analysis can be reproduced with the scripts
provided on Figshare (https://doi.org/10.21942/uva.28597007).

Not relevant to our study (non-experimental; we made statistical models of time spent fuelling with covariates departure date and
timing of spring).
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Blinding Not relevant to our study (non-experimental; we made statistical models of time spent fuelling with covariates departure date and
timing of spring).

Did the study involve field work? [[]ves No

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChlIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXXOXXX s
Oo0O0OXOOO

Plants

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals The study did not involve laboratory animals

Wild animals We used previously collected tracking data from various studies (for references, see Methods section Tracking data). The birds were
captured at sites in the Netherlands and Germany, except for pink-footed geese (in Finland, Central Norway and Svalbard) and white-
fronted geese (in Russia in 2013, 2016 and 2018). Details on the capture methods are included in the various papers. They were
equipped with loggers or transmitters, attached with backpack harnesses (brent geese prior to 2024, barnacle geese, white-fronted

geese prior to 2015) or as neck collars (brent geese in 2024, white-fronted geese from 2015 onwards, pink-footed geese, Bewick’s
swans).

Reporting on sex Both sexes were included in our study to increase sample sizes, so our findings apply to both sexes. In geese and swans, pairs always
stay and migrate together. Therefore, tracks of males and females can be used in the same way for our purpose; they are similarly
indicative of migratory timing and fuelling.

Field-collected samples  The study did not involve samples collected from the field

Ethics oversight Our manuscript draws from many different animal tracking studies, each of which was approved by specific relevant institutions. An
overview of these institutions is given in the Supplementary information of the manuscript (Supplementary Table 3).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks NA

Novel plant genotypes  NA

Authentication NA




