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S1 – Complementarity Analysis
S1.1 Spatial Data Preparation - Grid Construction
We created a 10 km hexagonal grid covering the study area (Figure 1) using QGIS 3.40.7. The 10 km resolution was selected to match our coordinate uncertainty threshold: all records with positional uncertainty >10 km were excluded during data cleaning, ensuring that aggregating points into 10 km cells appropriately handles remaining spatial uncertainty, for this reason some cells encroach up to 10km inland. 
For computational efficiency cells >10km inland were removed from the grid.
S1.2 Spatial Assignment
For each species, cleaned Facebook and GBIF occurrence records were spatially joined to the hexagonal grid using a point-in-polygon operation. Records falling within a hexagon's boundary were assigned to that cell. This created two binary presence/absence grids per species: one representing hexagons with ≥1 Facebook record, and one representing hexagons with ≥1 GBIF record. A minimum record of thresholds per hexagon was not applied, treating any detection as evidence of presence.
S1.3 Complementarity Metrics
For each species, spatial sampling complementarity was calculated by assigning values to each cell:
a = number of hexagons with both Facebook AND GBIF records
b = number of hexagons with Facebook ONLY
c = number of hexagons with GBIF ONLY

The Sørensen similarity index (SI) (Sørensen 1948) was calculated as:
SI = 2a / (2a + b + c)
SI ranges from 0 (no shared hexagons) to 1 (complete spatial overlap). Low SI values indicate high spatial sampling complementarity, meaning datasets provide largely non-overlapping geographic coverage.
The Jaccard index was also calculated for comparison:
JI = a / (a + b + c)
And quantified the contribution of each dataset as:
Facebook unique contribution: (b / total hexagons) × 100%
GBIF unique contribution: (c / total hexagons) × 100%
Overlap: (a / total hexagons) × 100% where total hexagons = a + b + c.
Software and Implementation
Analysis was conducted in Python 3.9 using GeoPandas 0.14.0 for spatial operations, Pandas 2.0.3 for data manipulation, and Shapely 2.0.1 for geometric calculations. Visualization was performed using Matplotlib 3.7.2 and Seaborn 0.12.2. The complete analysis pipeline, including code for reproducibility, is archived at [https://doi.org/10.5061/dryad.jsxksn0qp].
S1.4 Interpretation Framework
This analysis quantifies spatial sampling complementarity between data sources, this is the degree to which datasets provide unique geographic coverage for a given species. This differs fundamentally from traditional biodiversity complementarity analysis, which assesses compositional turnover (species replacement) between sites or regions (Baselga and Orme 2012; Baselga 2010). In biodiversity applications, Sørensen dissimilarity is typically partitioned into spatial turnover and nestedness components to understand ecological processes driving compositional differences. Such partitioning is not applicable here because we analyze spatial coverage patterns for single species rather than multi-species assemblages.
High Sørensen dissimilarity (low SI values) in this context indicates datasets detected the species in largely non-overlapping locations. This pattern could arise from: (1) genuine complementarity in spatial sampling effort, where observers using different platforms access different areas; (2) temporal sampling differences, if species distributions shifted between observation periods; or (3) differential detection probability or reporting behaviour between platforms, even when observing the same areas. 
These complementarity metrics are presented as an exploratory analysis of spatial data coverage patterns, not as definitive evidence of complementary biodiversity information value.
S1.5 Limitations and Bias Considerations
Presence-only occurrence data from heterogeneous sources present several analytical challenges. Different data sources typically exhibit distinct sampling biases related to observer accessibility, effort distribution, and detection probability (Fithian et al. 2015; Phillips et al. 2009). For Victorian marine mammals specifically, both Facebook and GBIF records likely derive primarily from land-based coastal observations and commercial wildlife tourism vessels, suggesting potentially similar—though not identical—spatial sampling biases. Both datasets likely underrepresent offshore waters, remote coastlines, and areas with low human activity.
Key limitations include:
· Absence data unavailability: Presence-only data cannot distinguish true absence from lack of sampling effort. High dissimilarity between datasets may reflect differential effort rather than complementary information about species distributions.
· Detection probability differences: Even when sampling the same locations, different observer types (casual social media users vs. scientific observers) may have different detection probabilities, particularly for cryptic or offshore species.
· Coordinate uncertainty: Despite the 10 km uncertainty threshold, remaining positional error could create apparent spatial separation between datasets observing the same events.


SUPPLEMENTARY MATERIALS – EOO 
S2. Spatial Data Preparation
S2.1 Handling Terrestrial Occurrences
Coordinates in both GBIF and Facebook datasets occasionally incorrectly reflected terrestrial locations (Table S1). After excluding stranded and dead animals, terrestrial records likely resulted from: (1) observers recording their own location rather than the animal's position (Chapman and Wieczorek 2020), or (2) low GNSS device precision.
For cetaceans, which should not naturally occur on land, a 10 km inland threshold was applied. Terrestrial records within this threshold were snapped to the nearest coastline using the "Snap Geometries to Layer" tool in QGIS 3.40.7.
Australian fur seals, which can travel up to 30 km inland, required special handling. Terrestrial occurrences were manually verified using activity descriptions, location metadata, and associated photographs. When exact locations could not be verified, records were snapped to the nearest coastline.
[bookmark: _Hlk210826449]Table S1. The total number of records within each dataset found to be land based.
	
	Facebook
	GBIF

	Australian fur seal
	0
	49

	Blue whale
	0
	0

	Humpback whale
	1
	5

	Orca
	0
	0

	Short beaked common dolphin
	0
	1

	Southern right whale
	36
	2

	Tursiops sp.
	5
	5

	TOTAL
	42
	62



S2.2 Land Mask Construction
The land mask combined multiple high-resolution spatial datasets (Table S2). All spatial layers were reprojected to EPSG:7899 before union into a single land mask polygon. This ensured accurate representation of inlets, estuaries, and complex coastal geometry for EOO calculations.





Table S2. Spatial data used in the creation of the land mask.
	GIS Layer Name
	Source
	Format
	Purpose
	Link to source

	VMLITE_VICTORIA_POLYGON_SU5
	Department of Transport and Planning
	Shapefile
	This was used as the base for the Land Mask but important detail was missing.
	https://discover.data.vic.gov.au/dataset/vicmap-lite-state-polygon-1-250000-to-1-2000000
Accessed 28 September 2025


	AUS_2021_AUST_GDA2020
	Australian Bureau of Statistics
	Shapefile
	Large islands within the study area were extracted from this dataset for inclusion in the Land Mask
	https://www.abs.gov.au/statistics/standards/australian-statistical-geography-standard-asgs-edition-3/jul2021-jun2026/access-and-downloads/digital-boundary-files
Accessed 28 September 2025

	HY_WATER_AREA_POLYGON
	Department of Transport and Planning
	WFS
	This was a level of detail missing from the source dataset ( VMLITE_VICTORIA_POLYGON_SU5) that immediately created issues with occurrences in inlets and estuaries. This dataset was filtered using:
 feature_type_code in ['wb_lake_salt', 'watercourse_area_river'] 
Features of interest were identified and manually added into the Land Mask. 
	https://discover.data.vic.gov.au/dataset/vicmap-hydro
Accessed 28 September 2025
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