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Highly pathogenic avian influenza causes mass mortality in Sandwich Tern (Thalasseus sandvicensis) breeding colonies across northwestern Europe
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Fig. S1 | Percentage of first-year birds observed at the major roost sites on the island Fanø in the Danish part of the Wadden Sea in the years 2020, 2021 and 2022. There was a significant interaction between year and date fitted as a quadratic effect. Displayed are the regression lines with 95% confidence intervals (CIs). The estimated marginal percentage of first-year birds at the end of July (30th/31st, which is the mean date) was 39.7 (95% CI = 31.6–48.3) in 2020, 34.9 (95% CI = 27.4–43.3) in 2021 and 6.8 (95% CI = 4.9–9.3) in 2022.
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Fig. S2 | The effect of environmental factors on survival probability across colonies. (A) Vegetation type / density and (B) soil type / permeability. Vegetation and soil categories A–E are ordinal in respect to density and permeability. For vegetation density, category A represents bare ground and category E represents in and around tussocks of long grass (cf. Fig. S3). For soil type, category A represents gravel and category E rock or concrete. We fitted vegetation and soil type either as a factor with four levels (depicted are parameter estimates with 95% confidence intervals in purple) or as a covariate using one degree of freedom (purple broken line, P = 0.46 for vegetation and P = 0.17 for soil) in a spatially explicit mixed effects model.
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Fig. S3 | Five categories of vegetation type / density. (A) bare ground, (B) plant material washed ashore, (C) patchy or sparse vegetation, (D) short vegetation, (E) in and around tussocks of long grass (e.g., Lyme Grass [Leymus sp.] or Marram Grass [Ammophila sp.]). In 2022, plant material washed ashore was not reported from any colony.
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Tab. S1 | Breeding and HPAI data collated on all northwestern European and the westernmost Mediterranean Sandwich Tern breeding colonies. ES = Spain, IT = Italy, FR = France, BE = Belgium, NL = the Netherlands, DE = Germany, DK = Denmark, PL = Poland, SE = Sweden, UK = United Kingdom, IE = Ireland, EE = Estonia.
	Country

	Colony

	Latitude

	Longitude

	N breeding pairs
	Affected

	Late colony
	Infection start date
	N dead adults

	Dead adults removed

	ES
	Punta de la Banya 1
	40.5823
	0.6990
	585
	FALSE
	FALSE
	
	0
	

	ES
	Punta de la Banya 2
	40.5844
	0.7035
	1609
	FALSE
	FALSE
	
	0
	

	ES
	Punta del Fangar
	40.7889
	0.7640
	274
	FALSE
	FALSE
	
	0
	

	IT
	Lagoon of Venice – South
	45.2530
	12.2344
	1469
	FALSE
	FALSE
	
	0
	

	IT
	Lagoon of Venice – North
	45.4410
	12.3565
	150
	FALSE
	FALSE
	
	0
	

	IT
	Pialassa dei Piomboni, Po Delta
	44.4594
	12.2778
	560
	FALSE
	FALSE
	
	0
	

	IT
	Sacca di Scardovari, Po Delta
	44.8603
	12.4178
	35
	FALSE
	FALSE
	
	0
	

	FR
	A l'est de l'Herault
	43.6117
	4.0969
	244
	FALSE
	FALSE
	
	0
	

	FR
	Camargue
	43.4699
	4.2809
	465
	FALSE
	FALSE
	
	0
	

	FR
	Île aux Moutons
	47.7755
	-4.0292
	453
	FALSE
	FALSE
	
	0
	

	FR
	Ile de la Colombière
	48.6235
	-2.2061
	291
	FALSE
	FALSE
	
	0
	

	FR
	Iniz er mour
	47.6983
	-3.1734
	502
	FALSE
	FALSE
	
	0
	

	FR
	Lagune de Bouin
	46.9562
	-2.0509
	130
	FALSE
	FALSE
	
	0
	

	FR
	Parc du Marquenterre Bay of Somme
	50.2575
	1.5787
	35–44
	TRUE
	FALSE
	21-May
	36
	TRUE

	FR
	Platier d'Oye National Nature Reserve
	50.9940
	2.0535
	1813
	TRUE
	FALSE
	18-May
	1731
	TRUE

	FR
	Polder de Sébastopol, Noirmoutier
	46.9431
	-2.1547
	4400
	FALSE
	FALSE
	
	0
	

	FR
	Salin de Berre
	43.4803
	5.1341
	2
	FALSE
	FALSE
	
	0
	

	FR
	Sète
	43.3799
	3.6179
	2941
	FALSE
	FALSE
	
	0
	

	BE
	Sternenschiereiland, Zeebrugge/Heist
	51.3599
	3.2136
	13
	TRUE
	FALSE
	03-Jun
	11
	TRUE

	BE
	Sternenschiereiland, Zeebrugge/Heist
	51.3599
	3.2136
	805
	TRUE
	TRUE
	13-Jun
	204
	TRUE

	NL
	Bliek
	51.7765
	4.2171
	404
	TRUE
	FALSE
	31-May
	115
	TRUE

	NL
	De Petten
	53.0117
	4.7554
	3374
	TRUE
	FALSE
	26-May
	3316
	TRUE

	NL
	De Putten
	52.7371
	4.6470
	220
	TRUE
	FALSE
	29-May
	400
	FALSE

	NL
	De Steenplaat
	53.1826
	4.8940
	150
	TRUE
	TRUE
	21-Jun
	107
	FALSE

	NL
	Griend
	53.2519
	5.2541
	2100
	TRUE
	FALSE
	30-May
	342
	TRUE

	NL
	Hooge Platen
	51.3918
	3.6202
	600
	TRUE
	FALSE
	14-Jun
	283
	TRUE

	NL
	Koude- en Kaarspolder
	51.5156
	4.0175
	137
	TRUE
	FALSE
	14-Jun
	2
	TRUE

	NL
	Slijkplaat
	51.8009
	4.1433
	3016
	TRUE
	FALSE
	31-May
	941
	TRUE

	NL
	Wagejot
	53.0895
	4.8979
	1176
	TRUE
	FALSE
	04-Jun
	170
	TRUE

	NL
	Prins Hendrik Zanddijk
	53.0231
	4.8199
	600
	TRUE
	TRUE
	NA
	30
	TRUE

	NL
	Waterdunen
	51.3978
	3.5094
	6974
	TRUE
	FALSE
	06-Jun
	2292
	TRUE

	DE
	Baltrum (FK609)
	53.7229
	7.3740
	208
	TRUE
	FALSE
	NA
	6
	FALSE

	DE
	Baltrum (FK610 late)
	53.7205
	7.4003
	50
	NA
	TRUE
	NA
	NA
	FALSE

	DE
	Baltrum (FK610)
	53.7231
	7.3831
	391
	TRUE
	FALSE
	NA
	8
	FALSE

	DE
	Barther Oie
	54.4087
	12.7277
	11
	TRUE
	FALSE
	20-May
	4
	TRUE

	DE
	Langenwerder
	54.0277
	11.4930
	300
	TRUE
	FALSE
	01-May
	300
	TRUE

	DE
	Langeoog
	53.7260
	7.4840
	165
	TRUE
	TRUE
	NA
	112
	FALSE

	DE
	Minsener Oog
	53.7567
	8.0214
	4765
	TRUE
	FALSE
	28-May
	2967
	FALSE

	DE
	Neuwerk
	53.9181
	8.5112
	462
	TRUE
	FALSE
	14-Jun
	715
	FALSE

	DE
	Neuwerk
	53.9305
	8.4970
	200
	TRUE
	TRUE
	14-Jun
	135
	TRUE

	DE
	Norderoog
	54.5290
	8.5157
	6442
	TRUE
	FALSE
	05-Jun
	650
	FALSE

	DK
	Agger Tange
	56.7233
	8.2550
	2400
	TRUE
	FALSE
	17-Jun
	131
	TRUE

	DK
	Fjandø
	56.3382
	8.1728
	180
	TRUE
	TRUE
	24-Jun
	100
	FALSE

	DK
	Hirsholm
	57.4854
	10.6236
	796
	TRUE
	FALSE
	12-Jun
	32
	TRUE

	DK
	Hjarnø
	55.8252
	10.1010
	789
	TRUE
	FALSE
	23-Jun
	12
	FALSE

	DK
	Sprogø
	55.3324
	10.9661
	712
	TRUE
	FALSE
	19-May
	124
	FALSE

	DK
	Saksfjed Inddæmning
	54.6268
	11.4494
	8
	FALSE
	TRUE
	
	0
	

	DK
	Holmesø, Køge Bugt
	55.6142
	12.4382
	45
	FALSE
	FALSE
	
	0
	

	PL
	Gdańsk
	54.3980
	18.7242
	350
	TRUE
	FALSE
	02-Jun
	10
	TRUE

	SE
	Eneskärskläpparna, Blekinge
	56.0951
	15.7933
	30–100
	TRUE
	FALSE
	09-Jun
	4
	FALSE

	SE
	Falkaholmen, Blekinge
	56.0297
	14.5712
	400
	TRUE
	FALSE
	06-May
	53
	TRUE

	SE
	Falkaholmen, Blekinge
	56.0297
	14.5712
	15
	TRUE
	TRUE
	NA
	0
	FALSE

	SE
	Gräsholmen, Gotland
	57.2936
	18.7522
	61
	FALSE
	FALSE
	
	0
	

	SE
	Gräsholmen, Gotland
	57.2936
	18.7522
	15
	FALSE
	TRUE
	
	0
	

	SE
	Landgrens Holme, Skåne
	55.4128
	12.8370
	415
	TRUE
	FALSE
	01-Jun
	12
	TRUE

	SE
	Landgrens Holme, Skåne
	55.4128
	12.8370
	41
	FALSE
	TRUE
	
	0
	

	SE
	Norrören, Blekinge
	56.1252
	14.7015
	125
	TRUE
	FALSE
	09-May
	15
	TRUE

	SE
	Östergarnsholm, Gotland
	57.4411
	18.9756
	37
	FALSE
	FALSE
	
	0
	

	SE
	Sigdesholmen, Gotland
	57.1539
	18.4658
	210
	FALSE
	FALSE
	
	0
	

	SE
	Sigdesholmen, Gotland
	57.1539
	18.4658
	25
	FALSE
	TRUE
	
	0
	

	SE
	Skenholmen, Gotland
	57.7969
	19.0431
	87
	FALSE
	FALSE
	
	0
	

	SE
	Tärnön, Bua, Halland
	57.2424
	12.1063
	70
	FALSE
	FALSE
	
	0
	

	SE
	Villgrund, Öland
	56.9850
	16.9120
	87
	FALSE
	FALSE
	
	0
	

	UK
	Brownsea Island Poole Harbour 
	50.6931
	-1.9607
	227
	FALSE
	FALSE
	
	0
	

	UK
	Cemlyn, Wales
	53.4100
	-4.5130
	>2000
	FALSE
	FALSE
	
	0
	

	UK
	Coquet Island
	55.3350
	-1.5384
	1964
	TRUE
	FALSE
	06-Jun
	461
	TRUE

	UK
	Forvie NNR, North-east Scotland
	57.3137
	-1.9860
	1031
	FALSE
	FALSE
	
	0
	

	UK
	Gravel Ridge Island ASSI, Northern Ireland
	54.5013
	-7.7994
	102
	Unknown
	FALSE
	NA
	More than usual
	NA

	UK
	Hodbarrow, Cumbria
	54.1919
	-3.2663
	580
	TRUE
	FALSE
	16-Jun
	6
	TRUE

	UK
	Inner Farne, Farne Islands
	55.6166
	-1.6549
	350
	TRUE
	FALSE
	23-Jun
	69
	TRUE

	UK
	Langstone Harbour
	50.8233
	-1.0069
	9
	FALSE
	FALSE
	
	0
	

	UK
	Larne Lough, Northern Ireland 
	54.8229
	-5.7714
	1254
	FALSE
	FALSE
	
	0
	

	UK
	Medway Islands
	51.4205
	0.6805
	200
	FALSE
	FALSE
	
	0
	

	UK
	Pagham Harbour
	50.7563
	-0.7594
	335
	TRUE
	FALSE
	12-Jun
	57
	FALSE

	UK
	RSPB Minsmere Nature Reserve
	52.2409
	1.6261
	64
	TRUE
	FALSE
	04-Jun
	25
	FALSE

	UK
	Scolt Head Norfolk
	52.9855
	0.6609
	4075
	TRUE
	FALSE
	06-Jun
	805
	TRUE

	UK
	St John's Pool, Caithness, Scotland
	58.6370
	-3.3410
	100
	TRUE
	FALSE
	30-Apr
	80
	FALSE

	UK
	Strangford Lough, Northern Ireland
	54.4773
	-5.5770
	400
	FALSE
	FALSE
	
	0
	

	IE
	Inish, Lady’s Island Lake, Wexford
	52.2023
	-6.3908
	824
	FALSE
	FALSE
	
	0
	

	IE
	Inish, Lady’s Island Lake, Wexford
	52.2023
	-6.3908
	110
	FALSE
	FALSE
	
	0
	

	IE
	Sgarbheen, Lady’s Island Lake, Wexford
	52.2091
	-6.3854
	726
	FALSE
	FALSE
	
	0
	

	IE
	Sgarbheen, Lady’s Island Lake, Wexford
	52.2091
	-6.3854
	76
	FALSE
	FALSE
	
	0
	

	EE
	Anemaa, Matsalu
	58.8290
	23.3725
	80
	FALSE
	FALSE
	
	0
	

	EE
	Nootamaa, Vilsandi Rahvuspark
	58.3231
	21.7665
	14
	FALSE
	FALSE
	
	0
	

	EE
	Laid nr. 10, Kunnati laht
	58.3696
	22.9557
	632
	FALSE
	FALSE
	
	0
	

	EE
	Soondrerank, Matsi rand
	58.3791
	23.7212
	420
	FALSE
	FALSE
	
	0
	

	EE
	Umalaid, Kihnu
	58.1723
	23.9586
	469
	FALSE
	FALSE
	
	0
	



Tab. S2 | Environmental data collated on HPAI positive Sandwich Tern colonies. FR = France, BE = Belgium, NL = the Netherlands, DE = Germany, DK = Denmark, PL = Poland, UK = United Kingdom.
	Country

	Colony

	Distance to standing water (km)
	Soil type*
	Vegetation density†
	Remarks


	FR
	Parc du Marquenterre Bay of Somme
	0.06
	D
	D
	

	FR
	Platier d'Oye National Nature Reserve
	0
	F
	C
	3F. Sand and silt (limon)

	BE
	Sternenschiereiland, Zeebrugge/Heist
	0.05
	C
	C
	 

	NL
	Bliek
	0.05
	C
	C
	

	NL
	De Petten
	0.01
	D
	D
	

	NL
	De Putten
	0.01
	E
	A
	

	NL
	De Steenplaat
	2.0
	C
	C
	

	NL
	Griend
	0.15
	C
	D
	

	NL
	Hooge Platen
	0.05
	C
	E
	

	NL
	Koude- en Kaarspolder
	
	
	
	

	NL
	Slijkplaat
	0.05
	C
	E
	

	NL
	Wagejot
	0.01
	D
	E
	

	NL
	Prins Hendrik Zanddijk
	0.8
	C
	C
	

	NL
	Waterdunen
	0.03
	C
	C
	 

	DE
	Baltrum (FK609)
	None
	D
	E
	

	DE
	Baltrum (FK610)
	None
	D
	E
	

	DE
	Barther Oie
	None
	F
	D
	Salt marsh peat

	DE
	Langenwerder
	None
	C
	C
	

	DE
	Langeoog
	None
	C
	C
	

	DE
	Minsener Oog
	None
	C
	C
	

	DE
	Neuwerk
	0.02
	D
	C
	

	DE
	Neuwerk
	0.02
	D
	C
	

	DE
	Norderoog
	None
	D
	E
	 

	DK
	Agger Tange
	0.4
	C
	E
	

	DK
	Fjandø
	None
	D
	D
	

	DK
	Hirsholm
	1.2
	D
	E
	

	DK
	Hjarnø
	0
	D
	D
	

	DK
	Sprogø
	0.2
	D
	E
	 

	PL
	Gdańsk
	7.0
	C
	A
	 

	SE
	Eneskärskläpparna, Blekinge
	8.0
	D
	D
	Peat and plant material

	SE
	Falkaholmen, Blekinge
	1.0
	C
	C
	

	SE
	Landgrens Holme, Skåne
	
	
	
	

	SE
	Norrören, Blekinge
	1.0
	C
	C
	 

	UK
	Coquet Island
	
	
	
	

	UK
	Hodbarrow, Cumbria
	
	
	
	

	UK
	Inner Farne, Farne Islands
	
	
	
	

	UK
	Pagham Harbour
	1
	A
	C
	

	UK
	RSPB Minsmere Nature Reserve
	0
	D
	C
	

	UK
	Rye Harbour
	0.1
	A
	C
	

	UK
	Scolt Head Norfolk
	2
	C
	E
	

	UK
	St John's Pool, Caithness, Scotland
	0
	A
	A
	 


* (A) gravel, (B) plant material washed ashore, (C) sand or very sandy soil, (D) saltmarsh or clay soil, (E) rock or concrete and (F) other soil types.
[bookmark: _Hlk131166960]† (A) bare ground, (B) plant material washed ashore, (C) patchy or sparse vegetation, (D) short vegetation, (E) in and around tussocks of long grass (e.g., Lyme Grass [Leymus sp.] or Marram Grass [Ammophila sp.]) and (F) other vegetation. 
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