


2

nature
portfolio

|
rep

orting
sum

m
ary

April2023

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

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

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

Blinding

Did the study involve field work? Yes No

Reporting for specific materials, systems and methods

N/A

N/A

N/A

N/A

N/A

In this study, we examined the seasonal movement of nitrogen by baleen whales from high-latitude summer feeding grounds to
lower latitude winter breeding grounds. To examine this movement, we included the total biomass for each species, along with
estimates for the transfer of carbon and nitrogen. We estimate the carbon fixation from urea on the breeding grounds. Equations for
these calculations are provided in the methods under "Calculations for Nutrient Transport by Whales from Feeding to Breeding
Grounds." Summer and winter timings for whale populations in each oceanic basin were set by the seasons in each hemisphere.

Spatial data for feeding and breeding grounds are derived from publicly available databases including Whaling History
(www.whalinghistory.org), Ocean Biodiversity Information System-Spatial Ecological Analysis of Megavertebrate Populations (OBIS-
SEAMAP, seamap.env.duke.edu), and Global Biodiversity Information Facility (GBIF, www.gbif.org). In some cases, whale sightings
from aerial and ship-based surveys were added to supplement missing data (e.g., Antarctic and Brazilian humpback whales).

We used all sightings data available in the databases mentioned in the research sample.

Data were collected from publicly available databases, supplemented by whale sightings from aerial and ship-based surveys. All
spatial data are available at the Github repository (see Software and Code). Present and past population sizes were estimated from
Smith et al. 2019 and updated for this study.

Data were collected from all oceans and extend from whaling logbook records to contemporary (Aug 31, 2019) sightings data from
aerial and ship-based surveys.

Analyses for poorly sampled species (such as fin and blue whales) are included only in the supplementary information. Minke whales
were not included in our analysis because of a dearth of knowledge about their seasonal movements. We screened all data using the
‘CoordinateCleaner’ package in R statistical software. Specifically, we flagged coordinates that occurred on land, had equal latitude
and longitude or 0-0 coordinates, or were assigned to biological institutions.

All data collected are publicly available and can be reproduced or updated with new data following anayses available on GitHub.

Whales were grouped according to species and ocean basin based on species identifications, location, and timing.

Blinding was not used for sample collection. The great majority of the data came from publicly available databases.




