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Avian color expression and perception: Is there a carotenoid link?
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Table S1. A partial list of bird species for which the cone oil droplets have been characterized quantitatively with microspectrophotometry or
qualitatively with light microscopy. Where available the Acut values from the dorsal/ventral retina are specified. If multiple values for a droplet type
are present without reference to retina region, these are separated with “,”. P denotes the putative presence of a droplet class based on qualitative
assessment of light microscopy of retina whole mounts. * denotes uncertainty in the categorizations.

Droplet Acutor presence
Order Common Name Genus species C Y R P Reference s
Struthioniformes |Emu Dromaius novaehollandiae| 408 508 559 404,476/492 |(Hartetal, 2016) g
Ostrich Struthio camelus 417 506 552 497 (Wright and Bowmaker, 2001) f‘g
=
Rhea Rhea americana 418 505 555 498 (Wright and Bowmaker, 2001) ..g
[}
Anseriformes Canada goose Branta canadensis P 515 582 452 (Moore etal,, 2012) E,
aQ
aQ
Mallard Anas platyrhynchos 445 506 561 (Bowmaker et al., 1997) 7
>
Lesser scaup Aythya affinis P P P P (Hart, 2001) 8
o)
M
Pekin Duck Anas plgtyrhyncha p p P (Gondo and Ando, 1995) ©
domestica 2
(0]
Mandarin Duck Aix galericulata P P P (Gondo and Ando, 1995) g
g
o
Y
o
©
=
5
o
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Black swan Cygnus atratus P P P (Gondo and Ando, 1995)
Wigeon anas penelope P P P P (Hart, 2001)
Galliformes Japanese quail Coturnix coturnix japonica| 446 511 566 P (Bowmaker et al., 1997)
Chicken Gallus gallus domesticus 4435/44 501/505 5628/55 480/500 (Hart et al,, 2006)
Peafowl Pavo cristatus 449 511 569 479/499 (Hart, 2002)
Golden pheasant Chrysolophus pictus P P P (Gondo and Ando, 1995)
Helmeted guineafowl |Numida meleagris P P P (Gondo and Ando, 1995)
Common Turkey dMoerInee"SgUr; gallopavo 437 490 514 436 (Hart et al,, 1999)
White Eared-pheasant |Crossoptilon crossptilon P P P (Gondo and Ando, 1995)
Caprimulgiformes |Jungle Nightjar Caprimulgus indicus p* 530* 580* p* (Gondo and Ando, 1995)
Cuculiformes Common koel Eudynamys scolopacea P P P P (Hart, 2001)
Little cuckoo Cuculus poliocephalus p* p* p* p* (Gondo and Ando, 1995)
Columbiformes |Rock dove Columba livia 448 524 586 P (Bowmaker et al., 1997)
Oriental Turtle Dove |Streptopelia orientalis p* p* p* p* (Gondo and Ando, 1995)
White-bellied Green Treron sieboldii p p P (Gondo and Ando, 1995)
Pigeon
Spotted Turtle Dove |Streptopelia Chinensis P P P P (Hart, 2001)
Gruiformes Whooping crane Grus americana 448 522 576 506 (Porter et al., 2014)
Dusky moorhen Gallinula tenebrosa P P P P (Hart, 2001)
Charadriiformes |European herring gull |Larus argentatus P P p (Gondo and Ando, 1995)
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Yellow-legged Gull Larus Michallis P P P P (Vidal et al,, 2018)
Black headed Gull Larus ridibundus P P P (Gondo and Ando, 1995).
Black Noddy Anous minutus P P P P (Hart, 2001)
Silver Gull Larus novaehollandiae P P P P (Hart, 2001)
Sphenisciformes |Humboldt Penguin Spheniscus humboldti 405 525 p* p* (Bowmaker and Martin, 1985)
King Penguin Aptenodytes patagonicus p* (Gondo and Ando, 1995)
Rockhopper penguin |Eudyotes chrysocome p* p* p* p* (Gondo and Ando, 1995)
Procellariiformes g}igg‘?\;:i‘;ﬂed Puffinus pacificus 445 506 562 413 (Hart, 2004)
Pelicaniformes E(l;((:)l:l-crowned night Nycticorax nycticorax p* 530* 580* p* (Gondo and Ando, 1995)
Pied cormorant Phalacrocorax varius P P P P (Hart, 2001)
Striated heron Butorides striata P P P (Gondo and Ando, 1995)
Little egret Egretta garzetta P P P (Gondo and Ando, 1995)
Scarlet ibis Eudocimus ruber P P P (Gondo and Ando, 1995)
Accipitriformes ]s ?)I;?':E\S/\fhawk Accipiter gularis p* p* p* p* (Gondo and Ando, 1995)
Booted Eagle Aquila pennata P P P P (Montoyo et al., 2018)
Wedge-tailed eagle Aquila audax P P P P (Reymond et al., 1985)
Strigiformes Tawny owl Strix aluco p p P p (Bowmaker and Martin, 1978)
Ural owl Strix uralensis p* (Gondo and Ando, 1995)
Snowy Owl Nyctea scandiaca p* (Gondo and Ando, 1995)
Eurasian eagle owl Bubo bubo p* p* (Alix et al., 2017)
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Coraciiformes Sacred Kingfisher Todiramphus sanctus P P P P (Hart, 2001)

Piciformes Downy Woodpecker |Picoides pubescens P P P P (Kram et al,, 2010)

Psittaciformes Budgerigar Melopsittacus undulatus 411 497 567 420/472 (Knott etal., 2012)
Crimson rosella Platycerus elegans elegans| 406 4087 569 423 (Knottetal., 2017)

foﬁﬁiffg elegans 408 506 569 424 (Knott et al., 2017)

Lesser Cuckoo Cuculus poliocephalus P P P (Gondo and Ando, 1995)
Galah Cacatua roseicapilla P P P P (Hart, 2001)
White-cheeked rosella |Platycercus eximus P P P P (Hart, 2001)
R e e | e o
Rainbow Lorikeet Trichoglossus haematodus P P P P (Hart, 2001)

Passeriformes Acadian Flycatcher Empidonax virescens 405 500 560 433,449,485 (Tyrrell et al., 2019)
Cutthroat finch Amadina fasciata 422 513 572 420/425 (Hart et al., 2000a)
Large-billed crow Corvus macrorhyncus p* 530* 580* p* (Gondo and Ando, 1995)
Blue-faced honeyeater | Entomyzon cyanotis P P P P (Hart, 2001)
Noisy miner Manorina melanocephala p p P p (Hart, 2001)
Eurasian magpie Pica Pica P P P (Lee etal,, 2019)
Gouldian finch Erythrura gouldiae 422 513 572 422/419 (Hartetal, 2000a)
Red-billed leiotrix Leiothrix lutea 392 506 566 (Maier and Bowmaker, 1993)
White-headed munia |Lonchura maja 422 510 567 419/489 (Hart et al., 2000a)
Plum-headed finch Neochmia modesta 415 514 568 414/412 (Hart et al., 2000a)
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Blue tit Parus caeruleus 413 508 573 417/418 (Hart et al., 2000b)

House sparrow Passer domesticus 421 520 572 424 (Egsmmger and Fernandez-
Juricic, 2014)

Brown-headed Molothrus ater 418 516 576 436,448,487 |(Fernandez-Juricic et al,, 2013)

cowbird

Red winged blackbird |Agetalus phoeniceus 420 516 573 |447, 458,499, 502 |(Fernandez-Juricic et al., 2019)

Tree sparrow Passer montanus p* p* p* p* (Gondo and Ando, 1995)

Barn Swallow Hirundo rustica p* 530* 580* p* (Gondo and Ando, 1995)

Brown-eared bulbul |Hypsipetes amaurotis p* p* p* (Gondo and Ando, 1995)

Canary Serinus canaria 414 506 578 420,480 (Das etal., 1999)

European Starling Sturnus vulgaris 399 515 573 407/411 (Hartetal, 1998)

Zebra finch Taeniogygia guttata 4201/42 512/514 5735/57 426/430,488/486 | (Knott et al., 2010)

Blackbird Turdus merula 414 515 570 415/472 (Hart et al., 2000b)

American goldfinch Carduelis tristis 417 523 579 433,493 (Baumhardt et al.,, 2014)

Satin Bowerbird Ptilonorhynchus violaceus 4233/44 515/521 5671/57 416/495 (Coyle et al.,, 2012)

Great bowerbird Chlamydera nuchalis 4226/42 513/516 5680/57 420/503 (Coyle et al., 2012)

Green catbird Ailuroedus crassirostris 4224/44 508/516 5586/56 412/500 (Coyle et al.,, 2012)

Regent bowerbird Sericulus chrysocephalus 4189/43 511/520 5898/59 419/501 (Coyle et al,, 2012)

Toothbilled bowerbird |Scenopoetes dentirostris 4254/42 512/523 5660/57 418/501 (Coyle et al.,, 2012)

(=
2
)

©

£
fu
e
£
=
©
-

c

Q

<
Q<

Q

(oL,

=
(%]

.

>

(o2
o
0
[aa]
©
i)

c

(0]
£

fuy

(7]

Q

x
i1}
Y=

[e]
©

=

o

=)

[e]
=


https://paperpile.com/c/Rw2Q1x/afn5
https://paperpile.com/c/Rw2Q1x/Yill
https://paperpile.com/c/Rw2Q1x/Yill
https://paperpile.com/c/Rw2Q1x/F4nL
https://paperpile.com/c/Rw2Q1x/YmgC
https://paperpile.com/c/Rw2Q1x/h3gO
https://paperpile.com/c/Rw2Q1x/h3gO
https://paperpile.com/c/Rw2Q1x/h3gO
https://paperpile.com/c/Rw2Q1x/oaEO
https://paperpile.com/c/Rw2Q1x/JLKH
https://paperpile.com/c/Rw2Q1x/9z0z
https://paperpile.com/c/Rw2Q1x/afn5
https://paperpile.com/c/Rw2Q1x/hFQC
https://paperpile.com/c/Rw2Q1x/i28i
https://paperpile.com/c/Rw2Q1x/i28i
https://paperpile.com/c/Rw2Q1x/i28i
https://paperpile.com/c/Rw2Q1x/i28i
https://paperpile.com/c/Rw2Q1x/i28i

Journal of Experimental Biology: doi:10.1242/jeb.203844: Supplementary information

Spotted bowerbird Chlamydera maculata 4289/43 514/520 5711/57 425/497 (Coyle etal,, 2012)
Bobolink Dolinonyx orizivorus 412 503 561 412 (Beason and Loew, 2008)
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Table S2 - Vision modeling parameters

Parameter UVS cone SWS MWS cone LWS Double
cone cone cone

Integration time — At 0.014 0.014 0.014 0.014 0.014

(sec)

Acceptance angle - R 0.0004 0.0006 0.0008 0.012 0.012*

(radians)

Pupil diam. - d - (mm) 2 2 2 2 2

guantum transduction 0.5 0.5 0.5 0.5 0.5

efficiency — K

Ocular media from Lind et al. (2013) - Dryad Digital Repository (Toomey

transmittance - O(A) and Ronald 2021): doi:10.5061/dryad.pg4f4qrnr

Oil droplet Appendix and Dryad Digital Repository (Toomey and Ronald

transmittance - P(A) 2021): doi:10.5061/dryad.pg4fdqrnr

Visual pigment 0.035 0.035 0.035 0.035 0.035

absorbance coeff. - k

(um™)

Normalized Visual Calculated following Govardovskii et al. (2000) with the Amax

pigment absorbance values below

spectrum - A(A)

Visual pigment — Anax 359 430 506 568 568

(nm)

Abundance - n, 1 15 2 3 NA

Irradiance spectrum - D65 illuminant (Lind et al. 2017) - Dryad Digital Repository

I(A) (Toomey and Ronald 2021): doi:10.5061/dryad.pg4f4qrnr

Stimulus reflectance - Variable — Appendix and Dryad Digital Repository (Toomey

R(A) and Ronald 2021): doi:10.5061/dryad.pg4f4qrnr
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Figure S1. The proportion of pairwise contrasts among the plumage spectra in Figure 3A
that have an achromatic contrast of > 1 JND for a visual system modeled with P-type oll
droplet optical density varying from zero to two-fold the measured mean optical density. We
assumed that achromatic discrimination is mediated by the double cone with an LWS opsin
and modified the methods described in the appendix to calculate contrasts with one
receptor class.
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Table S3. The range of Acut values estimated from simulated droplet spectra in the analysis
presented in Figure 3 compared to the range of Acut values reported in the literature (Table

S1).
Modelled droplet spectra Published values
Acut (nm) at Acut (nm) at Acut (nm) at - .
Droplet  0.2x optical  1x optical 2x optical mml?r:lrjnr? Acut me(ﬁ?n;\cut rr;\ax;rgrl:]r)n
density density density out
R-type 521 534 553 514 568 598
Y-type 475 502 513 490 512 525
C-type 376 428 439 392 424 449
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Figure S2. Examples of the shift in color space location of five male house finch breast
plumage spectra when the filtering of C, Y, R-type or all three droplet classes is varied from
0 to 200% of the mean optical density of the droplet. Note that changing filtering of just one
droplet class results in shifts along similar trajectories for all five spectra, while changes to
all three droplet classes shift the spectra along a non-linear trajectory.
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