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Fig. S1 Spatial distribution of the reported DDTs concentrations in birds around the world. The concentrations were obtained from a: A: Kentish 



Plover (Zheng et al., 2018); B: Saunders's Gull, Black-winged Stilt, Common Tern, Oriental Pratincole, Kentish Plover, Eurasian Coot (Gao et 

al., 2009); C: Eurasian Sparrowhawk, Little Owl, Oriental Scops Owl, Common Kestrel (Chen et al., 2009), Long-eared Owl (Luzardo et al., 

2014); D: House Sparrow, Grey Heron, Carrion Crow (Kunisue et al., 2003), Herring Gull (Kunisue et al., 2002); E: Kentish Plover, Common 

Myna, Black Drongo, White-throated Kingfisher (Kunisue et al., 2003); F: Pacific Loon, Grey Heron, Little Egret (Hong et al., 2014), Herring 

Gull (Choi et al., 2001), Great Egret (Hong et al., 2014), Bar-tailed Godwit (Choi et al., 2001); G: Gentoo Penguin, Adelie Penguin, Chinstrap 

Penguin, South Polar Skua (Mello et al., 2016); H: Von Schrenck's Bittern, Yellow Bittern, Striated Heron (Kunisue et al., 2003); I: Thick-billed 

Murre, Northern Fulmar (Braune et al., 2014); J: Common Starling (Eens et al., 2013); K: Common Eider, Arctic Tern, Common Murre, Lesser 

Black-backed Gull, Northern Fulmar, Great Black-backed Gull, Great Skua (Jorundsdottir et al., 2010); L: Yellow-legged Gull, Eurasian Coot, 

Mediterranean Gull, Grey Heron, Dalmatian Pelican (Kocagoz et al., 2014); M: Eastern Cattle Egret, Grey Heron(Bouwman et al., 2013); N: 

Antarctic Prion (Fromant et al., 2016); O: Common Murre, Thick-billed Murre(Vander Pol et al., 2004), Glaucous-winged Gull (Vander Pol et 

al., 2009); P: Streaked Shearwater(Ito et al., 2013); Q: African Penguin (Bouwman et al., 2015); R: Brown Noddy, Sooty Tern (Bouwman et al., 

2012); S: Eurasian Sparrowhawk, Barbary Falcon, Common Kestrel, Eurasian Eagle-Owl (Luzardo et al., 2014), Common Starling (Eens et al., 

2013); T: Glaucous Gull (Vander Pol et al., 2009); U: Common Murre (Jorundsdottir et al., 2009), Northern Fulmar (Fangstrom et al., 2005); V: 

Glaucous Gull (Verreault et al., 2005), Black-legged Kittiwake (Murvoll et al., 2006b), Ivory Gull (Miljeteig et al., 2009); W: Black Guillemot, 

Little Auk, Thick-billed Murre, Black-legged Kittiwake (Borga et al., 2007), Northern Fulmar (Knudsen et al., 2007); X: European Shag 

(Murvoll et al., 2006a), Black-legged Kittiwake (Murvoll et al., 2006b), Tawny Owl (Bustnes et al., 2015), Common Murre (Jorundsdottir et al., 

2009); Y: Light-vented Bulbul (Peng et al., 2015), Eurasian Tree Sparrow (Yu et al., 2014), Oriental Magpie-Robin (Peng et al., 2015), Ruddy-



breasted Crake, White-breasted Waterhen, Slaty-breasted Rail (Luo et al., 2009), Great Tit (Peng et al., 2015), Chinese Pond Heron, Common 

Snipe (Luo et al., 2009); Z: White-tailed Eagle (Nordlof et al., 2012a), Peregrine Falcon, Golden Eagle (Helander et al., 2008); AA: Common 

Eider, Velvet Scoter (Kelly et al., 2008), Black-legged Kittiwake, Black Guillemot, Razorbill, Herring Gull, Great Black-backed Gull (Lavoie et 

al., 2010); AB: Common Starling (Eens et al., 2013), Little Owl (Jaspers et al., 2005), Western Barn Owl, Eastern Buzzard, Long-eared Owl 

(Jaspers et al., 2006), Great Cormorant (Covaci et al., 2006); AC: Black-crowned Night Heron (Zhou et al., 2016b), Peregrine Falcon (Zhou et 

al., 2016a), Eurasian Tree Sparrow (Yu et al., 2014), Chinese Pond Heron(Zhou et al., 2016a).



Fig. S2 Spatial distribution of the reported HCHs concentrations in birds around the world. The concentrations were obtained from A: Kentish 



Plover (Zheng et al., 2018); B: Eurasian Coot, Oriental Pratincole, Common Tern, Black-winged Stilt, Saunders's Gull (Gao et al., 2009); C: 

Bar-tailed Godwit, Black-necked Grebe (Choi et al., 2001), Black-tailed Gull, Pacific Loon (Hong et al., 2014); D: Streaked Shearwater(Ito et al., 

2013); E: Ruddy-breasted Crake, Common Snipe, White-breasted Waterhen, Slaty-breasted Rail, Chinese Pond Heron (Luo et al., 2009); F: 

Kentish Plover, Common Myna, Black Drongo (Kunisue et al., 2003); G: Yellow Bittern, Von Schrenck's Bittern (Kunisue et al., 2003); H: 

Mediterranean Gull, Eurasian Coot, Grey Heron, Dalmatian Pelican (Kocagoz et al., 2014); J: Glaucous Gull (Vander Pol et al., 2009); K: 

Common Starling (Eens et al., 2013); L: Glaucous-winged Gull, Glaucous Gull (Vander Pol et al., 2009); M: Glaucous-winged Gull (Vander Pol 

et al., 2009); N: Northern Fulmar, Thick-billed Murre (Braune et al., 2014); O: Common Kestrel, Eurasian Sparrowhawk, Barbary Falcon, Long-

eared Owl, Common Buzzard, Western Barn Owl (Luzardo et al., 2014), Eurasian Eagle-Owl (Gomez-Ramirez et al., 2012), Common Starling 

(Eens et al., 2013); P: House Sparrow, Herring Gull, Carrion Crow (Kunisue et al., 2002); Q: African Penguin(Bouwman et al., 2015); R: Sooty 

Tern, Brown Noddy (Bouwman et al., 2012); S: Velvet Scoter, Common Eider (Kelly et al., 2008); T: Common Murre (Jorundsdottir et al., 

2010); U: Common Murre (Jorundsdottir et al., 2009); V: Western Barn Owl, Besra (Jaspers et al., 2006), Great Cormorant(Covaci et al., 2006), 

Grey Heron, Great Crested Grebe, Long-eared Owl, Eastern Buzzard (Jaspers et al., 2006), Little Owl (Jaspers et al., 2005), Common Kestrel 

(Jaspers et al., 2006) Common Starling (Eens et al., 2013), Northern Lapwing, Great Tit (Dauwe et al., 2009).



Fig. S3 Spatial distribution of the reported PCDD/Fs concentrations in birds around the world. The concentrations were obtained from A: 



Kentish Plover (Zheng et al., 2018); B: Great Egret (Fang et al., 2007), Great Cormorant (Gao et al., 2011), Mallard, Tundra Bean Goose, 

Northern Pintail, Indian Spot-billed Duck (Fang et al., 2007); C: Common Tern, Great Knot, Common Greenshank, Little Tern, Sanderling, 

Black-tailed Gull, Bar-tailed Godwit (Choi et al., 2001); D: Red Kite (Gomara et al., 2008), Yellow-legged Gull, Audouin's Gull (Morales et al., 

2016); E: Manx Shearwater, Great Egret (Ferreira, 2012); F: Short-tailed Shearwater (Senthilkumar et al., 2002), Columba (Braune et al., 2007), 

Thick-billed Murre, Northern Fulmar, Black-legged Kittiwake (Braune and Simon, 2003); G: White-tailed Eagle (Nordlof et al., 2012b); H: 

Northern Goshawk (Wiesmuller et al., 2002), Peregrine Falcon (Malisch and Baum, 2007), Eurasian Sparrowhawk, Eurasian Hobby 

(Wiesmuller et al., 2002); J: Northern Fulmar (Knudsen et al., 2007); K: Common Pheasant, Rock Dove, Common Kestrel (Senthilkumar et al., 

2002), Short-tailed Albatross (Kunisue et al., 2006), Black Kite (Kubota et al., 2006), Large-billed Crow, Eastern Cattle Egret (Senthilkumar et 

al., 2002), Great Cormorant (Kubota et al., 2004), Ural Owl, Northern Goshawk, Grey Heron (Senthilkumar et al., 2002); L: Laysan Albatross, 

Black-footed Albatross (Tanabe et al., 2004); M: Grey-headed Albatross, Light-mantled Albatross, Black-browed Albatross (Tanabe et al., 2004); 

N: Western Osprey (Elliott et al., 2001); O: Black-crowned Night Heron, Little Egret, Chinese Pond Heron (Wang et al., 2012).



Fig. S4 Spatial distribution of the reported PCBs concentrations in birds around the world. The concentrations were obtained from A: Kentish 



Plover (Zheng et al., 2018); B: Kentish Plover, Black-tailed Gull (Gao et al., 2009); C: Black-tailed Gull, Pacific Loon (Hong et al., 2014); D: 

Black-legged Kittiwake (Tartu et al., 2015); E: Lesser Black-backed Gull, South Polar Skua (Jorundsdottir et al., 2010); F: Yellow-legged Gull 

(Kocagoz et al., 2014); G: Common Starling (Eens et al., 2013), Common Kestrel (Luzardo et al., 2014), Eurasian Eagle-Owl(Guerra et al., 

2012); H: Northern Fulmar (Braune et al., 2014); I: Grey Heron, House Sparrow, Carrion Crow (Kunisue et al., 2003); J: Common Starling 

(Eens et al., 2013); K: Kelp Gull, Laysan Albatross, Black-footed Albatross (Kunisue et al., 2008); L: Western Osprey (Chen et al., 2010); M: 

Glaucous Gull (Bustnes et al., 2010), Northern Fulmar (Knudsen et al., 2007); N: Antarctic Prion (Fromant et al., 2016); O: Black-legged 

Kittiwake, Herring Gull (Lavoie et al., 2010); P: White-tailed Eagle (Jaspers et al., 2013); Q: African Penguin (Bouwman et al., 2015); R: Brown 

Noddy, Sooty Tern (Bouwman et al., 2012); S: Glaucous Gull (Vander Pol et al., 2009); T: Wandering Albatross (Tartu et al., 2015); U: Gentoo 

Penguin, Adelie Penguin, Chinstrap Penguin (Mello et al., 2016); V: Peregrine Falcon (Park et al., 2009); W: Eurasian Tree Sparrow (Yu et al., 

2014), Great Tit (Peng et al., 2015), Common Kingfisher (Mo et al., 2013), Ruddy-breasted Crake, Slaty-breasted Rail, White-breasted 

Waterhen, Chinese Pond Heron (Luo et al., 2009); X: Besra, Japanese Sparrowhawk, Little Owl, Long-eared Owl (Chen et al., 2009); Y: Black 

Drongo, Common Myna, Kentish Plover (Kunisue et al., 2003); Z: Yellow Bittern, Von Schrenck's Bittern (Kunisue et al., 2003).



Fig. S5 Spatial distribution of the reported PBDEs concentrations in birds around the world. The concentrations were obtained from A: Kentish 



Plover(Zheng et al., 2018); B: Kentish Plover (Gao et al., 2009); C: Black-legged Kittiwake (Sagerup et al., 2014); D: Gull-billed Tern (Baron et 

al., 2014), Lesser Black-backed Gull (Jorundsdottir et al., 2013); E: Yellow-legged Gull, Eurasian Coot (Kocagoz et al., 2014); F: Black-tailed 

Gull (Hong et al., 2014); G: South Polar Skua, Chinstrap Penguin, Gentoo Penguin (Yogui and Sericano, 2009); H: Crowned Lapwing, White-

fronted Plover (Polder et al., 2008); J: Thick-billed Murre (Braune et al., 2014), Northern Fulmar (Jorundsdottir et al., 2013); K: Common 

Starling (Eens et al., 2013); L: White-tailed Eagle (Nordlof et al., 2010); M: White-tailed Eagle (Jaspers et al., 2013); N: Northern Fulmar 

(Karlsson et al., 2006); O: Western Osprey (Chen et al., 2010); P: Oriental Magpie-Robin (Peng et al., 2015), Eurasian Tree Sparrow (Yu et al., 

2014), Light-vented Bulbul (Sun et al., 2012), White-breasted Waterhen, Slaty-breasted Rail (Zhang et al., 2011), Common Kingfisher (Mo et al., 

2012); Q: Antarctic Prion (Fromant et al., 2016); R: Eurasian Sparrowhawk (Crosse et al., 2013); S: Glaucous Gull(Vander Pol et al., 2009); T: 

Brown Noddy, Sooty Tern (Bouwman et al., 2012); U: Eurasian Tree Sparrow (Yu et al., 2014), Eurasian Sparrowhawk, Common Kestrel (Chen 

et al., 2007); V: Common Starling (Eens et al., 2013), Herring Gull (Gauthier et al., 2008); W: Western Osprey (Henny et al., 2009)



Fig. S6 Spatial distribution of the reported TEQ values of PCDD/Fs, dioxin-like PCBs and ∑ (PCDD/Fs + dioxin-like PCBs) in birds around the 



world (pg TEQ g − 1 lw). The values were obtained from A: Kentish Plover(Zheng et al., 2018); B: Chinese Pond Heron, Black-crowned Night 

Heron, Little Egret (Wang et al., 2012); C: Tundra Bean Goose, Mallard (Fang et al., 2007); D: Laysan Albatross, Black-footed Albatross 

(Tanabe et al., 2004); E: Thick-billed Murre, Black-legged Kittiwake, Northern Fulmar (Braune and Simon, 2003); F: White-tailed 

Eagle(Nordlof et al., 2012b); G: Black Kite (Kubota et al., 2006), Common Pheasant, Short-tailed Shearwater, Whimbrel (Senthilkumar et al., 

2002), Black-footed Albatross(Kunisue et al., 2006), Great Cormorant (Kubota et al., 2004), Great Egret, Northern Goshawk (Senthilkumar et al., 

2002); H: Black-browed Albatross (Tanabe et al., 2004); I : chicken (Rawn et al., 2012); J: duck (Wu et al., 2014); K: chicken (Van Overmeire 

et al., 2009); L: duck (Hoang et al., 2014); M: Yellow-legged Gull, Audouin's Gull (Morales et al., 2016), Long-eared Owl, Eastern Buzzard, 

Common Kestrel, Western Barn Owl, Barbary Falcon, Eurasian Sparrowhawk (Luzardo et al., 2014); N: Manx Shearwater, Great Egret (Ferreira, 

2012; Ferreira, 2013); O: Eurasian Sparrowhawk, Northern Goshawk (Wiesmüller et al., 2002), Peregrine Falcon (Malisch and Baum, 2007; 

Wiesmüller et al., 2002); P: Light-mantled Albatross (Tanabe et al., 2004).
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Fig. S7 Global distribution of the publications on POPs related to avian species.
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Fig. S8 Publications on investigated orders of avian species and the percentages of 
investigated species numbers in each order.
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Fig. S9 Publications on investigated bird species.
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Fig. S10 Publications on the different employed matrices.

Table S1 Associations between POP exposure and thyroid hormones.

Avian compounds index correlation References

adult Glaucous 
Gull

OCs T4 Negative correlation Verreault et 
al., 2004

Northern Fulmar OCs T4 Positive correlation Verreault et 
al., 2013

Ring-billed Gull PCBs, 
PBDEs and 
chlordanes

T4 Positive correlation Techer et 
al., 2016

Bald Eagle PCBs T4 Positive correlation Cesh et al., 
2010

Glaucous Gull OCs T4/T3 Negative correlation Verreault et 
al., 2004

Northern Fulmar OCs T4/T3 Positive correlation Techer et 
al., 2016

Northern Fulmar OCs T3 Negative correlation Techer et 
al., 2016

Ring-billed Gull PBDEs T3 independent Cesh et al., 
2010

T4: thyroxin
T3: triiodothyronine
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