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Winter and summer ranging behaviour
Information on summer and wintering ranging behaviour is important context for understanding migration. Summer and winter seasonal utilization distributions were estimated for Greater Spotted Eagles that wintered in the northern Arabian Gulf region using a dynamic Brownian bridge movement model (dBBMM) (Kranstauber et al. 2012), which accounts for temporal autocorrelation in movement paths and variable sampling intervals typical of GPS telemetry data. Separate models were fitted for each individual and season (summer or winter) when at least 90 days of tracking data were available. 
Model parameters included a margin size of 15 locations and a window size of 31 locations, following commonly used settings for large-scale movement data. Raster resolution depended on the spatial scale of seasonal movements: 100 m for wintering ranges (250 m in three cases where individuals used larger areas) and 1,000 m for summer ranges. Data gaps exceeding 48 hours were excluded from the analysis to avoid artifacts in the Brownian bridge estimation. 

Wintering
Tracked birds were generally settled throughout the winter period, although some individuals moved between Al Jahra Nature Reserve and other wetlands and agricultural landscapes in Kuwait, southern Iraq, and Iran. Eagles spent on average 167.5 ± 13.3 days on the wintering grounds (n = 15 complete wintering seasons). Across all winters, the mean 95% and 50% utilization distributions estimated using dBBMM were 165.5 km² and 0.65 km², respectively (Table S1).

Table S1 50% and 95% dBBMM winter home ranges (n = 20) of Greater Spotted Eagles captured in Kuwait.
	
	Winter

	
	2020/21
	2021/22
	2022/23
	2023/24
	2024/25

	Eagle ID
	50%
	95%
	50%
	95%
	50%
	95%
	50%
	95%
	50%
	95%

	6488
	0.13
	1.99
	0.06
	4.67
	2.65
	418.90
	1.39
	320.32
	2.69
	917.49

	6489
	
	
	0.07
	10.72
	0.51
	101.50
	
	
	
	

	6490
	
	
	0.01
	1.22
	0.004
	1.26
	0.02
	1.03
	0.03
	2.03

	6491
	
	
	0.21
	194.56
	2.48
	456.61
	0.77
	145.73
	0.44
	159.6

	8648
	
	
	0.08
	9.81
	
	
	
	
	
	

	8749
	
	
	
	
	0.89
	277.41
	0.38
	182.92
	0.18
	75.62

	8752
	
	
	
	
	0.05
	30.41
	
	
	
	



Summering
Seven eagles were tracked across 22 complete summer seasons, with individuals monitored for one to six years. Four individuals appeared to settle into spatially restricted areas during eleven of 16 summer seasons, suggesting possible territorial or breeding behavior. Three birds did not establish clearly defined summer territories during the period they were tracked. Satellite imagery indicated that summer ranges typically consisted of mosaics of forest patches and nearby wet habitats. One immature female eagle (ID 6492) died prior to arrival on the summering grounds.

Table S2 Summer range sizes of Greater Spotted Eagles that had wintered in Kuwait.
	ID
	Summer
	Age*
	Gender
	Apparently territorial?
	50% dBBMM (km2)
	95% dBBMM (km2)

	6488
	2020
	A
	F
	
	55.7
	34,234.6

	
	2021
	A
	
	Y
	11.0
	4,097.4

	
	2022
	A
	
	Y
	12.9
	519.9

	
	2023
	A
	
	Y
	1.6
	1,882.7

	
	2024
	A
	
	Y
	0.2
	50.4

	
	2025
	A
	
	Y
	0.02
	2.5

	6489
	2022
	A
	F
	Y
	0.3
	189.4

	
	2023
	A
	
	
	4.1
	2,593.3

	6490
	2022
	A
	F
	
	63.1
	6,848.7

	
	2023
	A
	
	
	27.1
	4,440.3

	
	2024
	A
	
	
	19.1
	3,697.2

	
	2025
	A
	
	
	45.0
	2,104.5

	6491
	2022
	I
	M
	
	8.3
	498.3

	
	2023
	I
	
	
	9.5
	2,098.4

	
	2024
	I
	
	Y
	3.3
	487.3

	
	2025
	A
	
	Y
	6.7
	402.3

	8648
	2022
	I
	F
	
	7.1
	6,294.0

	8749
	2022
	I
	U
	Y
	9.3
	753.4

	
	2023
	I
	
	
	15.6
	2,112.8

	
	2024
	A
	
	Y
	0.9
	275.7

	
	2025
	A
	
	Y
	13.1
	2,502.6

	8752
	2023
	A
	F
	
	1.6
	1,882.7


* I = immature, < 5 calendar years of age; A = adult, ≥ 5 calendar years of age
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