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SUMMARY

The identification of geographic areas and periods when the densities of animals are
highest across their annual cycles is a crucial step in conservation planning, including for
the designation of protected areas and regulation of potentially detrimental human
activities. Many species of marine megafauna are declining, however for the majority, the
methods used to identify these important sites and times are usually biased towards adults,
neglecting the distribution of other life-history stages even though they can represent a
substantial proportion of the total population. Here we develop a methodological framework
for estimating population-level density distributions at quarterly and annual resolutions,
incorporating tracking data for all major life-history stages (adult breeders, adult non-
breeders, juveniles and immatures). We incorporate demographic information (adult and
juvenile survival, breeding frequency and success, age at first breeding) and phenological
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data (average timing of breeding and migration) to appropriately weight distribution grids
according to the proportion of the population represented by each life-history stage. We
demonstrate the utility of this framework by applying it to 21 species (including 28
populations) of albatrosses and petrels. The resulting distribution grids accounting for all
major life-history stages highlight that omitting juveniles, immatures and adult non-breeders
leads to spatial biases, particularly as these classes may account for 55-75% of all
individuals for many species. As such, ignoring the distributions of pre-breeders and adult
non-breeders is likely to bias estimates of overlap with threats, and potentially lead to
suboptimal targeting of resources directed at management and conservation. Our
framework synthesizes and improves on previous approaches to estimate seabird densities
at sea, and provides a standard and replicable methodology that can be easily updated as
new tracking and demographic data become available.




