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We compare the size (body mass and wing length) and bill length of shorebirds in tropical, northern Australia with members of the
same species in temperate southern Australia. The analysis is repeated across 30 different species. We show that shorebirds follow
Allen's and Bergmann's Rules and make inferences of the possible drivers of these rules based on the ecology of the different
shorebird species in our study.

The data consist of existing morphometric measurements made by members of the Victorian Wader Study Group and Australasian
Wader Studies Group of individual birds from 30 Australian shorebird species that were caught, banded (and subsequently released)
at locations in the north-west and south-east of Australia over a period of 46 years (1975-2021). Data include bill and wing length,
and body mass measurements from shorebirds, as well as a description of wing moult, age and for some species, sex. Sample sizes
for our main analyses are N = 99,443, 119,403 and 202,647 individuals for bill length, wing length and body mass respectively.

Where possible we included data on all individual shorebirds that have ever been recorded by the VWSG and AWSG since 1975.
Unreliable records were excluded (see data exclusion below). For the analysis, we included only species that had at least N = 20
samples for bill, wing and mass measurements in both northern and southern Australia (the two regions compared in our analysis).
We reasoned a sample of 20 was the minimum sufficient to give a reasonable estimate of species morphology in both regions
(accounting for possible measurement errors etc). This criteria was determined prior to analysis and all species that met this criteria
were included in the analysis. The significant effect observed the smallest sample comparison (bill length for 20 individuals from
northern Australia for the greater sand plover) indicates post-hoc that this sampling threshold is sufficient to pick up biological
effects.

Data on morphometric measures were collected by members of the Victorian Wader Study Group and Australasian Wader Studies
Group over the period (1975-2021). Members of the VWSG and AWSG typically caught shorebirds using cannon-nets while the birds
were roosting during high tide. Bill length was measured as the exposed culmen (tip of bill to base of feathers) to the nearest 0.1 mm
using callipers. Wing (maximum chord) length was measured while straightened and flattened using a butt-ended ruler, from the
shoulder to tip of the longest primary feather, to the nearest 1 mm (larger species) or 0.1 mm (smaller species). Wing length
measurements were excluded for birds moulting their ninth or tenth primary wing feather. Birds were weighed using scales to
determine body mass to the nearest 1 g (larger species) or 0.1 g (smaller species). All individuals were banded and hence individual ID
was noted, along with age (based on feather wear) and, where possible, sex (based on plumage dimorphism characteristics). Data
were recorded manually by hand using pencil on paper before later being transferred to computer. We also collected data on the
migration and foraging behaviour for the shorebird species included in our study from the Handbook of Australian, New Zealand and
Antarctic Birds (‘HANZAB’; Marchant & Higgins 1993; Higgins & Davies 1996)).

We used an existing dataset collected by citizen scientists who have been monitoring shorebird populations and studying their
natural history since 1975. The data used in our analysis includes measurements collected every year from 1975 to 2021. Data were
collected in north-western Australia (close to Broome, Western Australia) and south-eastern Australia (coastal areas of South
Australia, Victoria and Tasmania).

Working with the existing dataset: we included all species with at least 20 measurements for bill length, wing length and body mass
in both northern and southern Australia (the two regions compared for our analysis). We cleaned morphological data of expected
errors prior to analysis using set, objective criteria (described in detail in the supplementary material): We excluded outliers for bill
length based on the expected relationship between bill length and head-and-bill length (removing data points beyond the adjusted
quartile for the Mahalanobis distance). We removed likely errors for wing length and body mass using predetermined cut-offs for
each species based on our visual inspection of the data. Data were initially recorded on datasheets in the field, with a 'Datasheet ID'
assigned to each; we removed all data for bill length, wing length and mass from datasheets with a high proportion of likely errors
determined by the criteria above (> 30% 'likely errors'). We reasoned that if the sampling group made errors for at least 30% of the
measurements, other measurements by the same group were likely inaccurate, even if they fell within the expected range of values.
We excluded wing length measurements from birds that were moulting their primary wing feathers.

Our study is observational only, based on morphological data collected in the field, and therefore does not contain reproducible
experiments.

As our study is observational, we did not assign subjects to randomized groups/treatements.

As data were collected in the field at known field sites over 46 years, it was not possible for observers to have been blind to the
locality of the morphological measurements. However, the observers would not have known of the use of the data, or subsequent
hypothesis testing, presented in this study. The morphological data used in our analysis were cleaned of expected errors prior to
analyses and while blind to the key variables we were testing (including sample location).




