Table S1. Published measurements of body mass and device mass for studies examining the effect of instrumentation on birds.

Common name Species Body mass (g) Device mass (g) Reference

Cassin's auklet Ptychoramphus aleuticus 164.3 3.05 Ackerman et al. (2004)
Mallard Anas platyrhynchos 37.2 1.5 Bakken et al. (1996)
Mallard Anas platyrhynchos 37.2 2 Bakken et al. (1996)
Mourning dove Zenaida macroura 120.7 3.55 Berdeen and Otis (2006)
Grouse Lagopus lagopus scotica 593.8 25 Boag (1972)

Turkey Meleagris gallopavo 58.3 1.8 Bowman et al. (2002)
Rock ptarmigan Lagopus mutus 514.3 18 Cotter and Gratto (1995)
Rock ptarmigan Lagopus mutus 521.7 12 Cotter and Gratto (1995)
Chinstrap penguin Pygoscelis antarcticus 4155.5 39 Croll et al. (1991)
Chinstrap penguin Pygoscelis antarcticus 4155.5 127 Croll et al. (1991)

Adelie penguin Pygoscelis adeliae 4257.5 70 Culik and Wilson (1992)
Adelie penguin Pygoscelis adeliae 3900 200 Culik et al. (1994)
Harlequin duck Histrionicus histrionicus 563.5 16.3 Esler et al. (2000)
Blue-winged teal Anas discors 375 15 Garrettson et al. (2000)
Blue-winged teal Anas discors 384.6 15 Garrettson et al. (2000)
Pigeon Columba livia 412.5 15.5 Gessaman and Nagy (1988)
Tippler pigeon Columba livia 265.9 13.7 Gessaman et al. (1991)
Takahe Porphyrio mantelli 2580 48.1 Godfrey et al. (2003)
Brush turkey Alectura lathami 127 1.8 Goth and Jones (2001)
Macaroni penguin Eudyptes chrysolophus 5175 21 Green et al. (2004)
Common eider duck Somateria mollissima 1700 16.5 Guillemette et al. (2002)
Northern pintail Anas acuta 946.5 8 Guyn and Clark (1999)
Lesser prarie-chicken Tympanuchus pallidicinctus 788 12 Hagen et al. (2006)
Common murre Uria aalge 943.05 7 Hamel et al. (2004)
Wood duck Aix sponsa 658 6.6 Hepp et al. (2002)



Common name

Species

Body mass (g)

Device mass (g)

Reference

Red grouse Canachites canadensis 506.7 19 Herzog (1979)

Blackbird Turdus merula 102.2 2.3 Hill et al. (1999)

Blue Grouse Dendragapus obscurus 646.0 26.5 Hines and Zwickel (1985)

Lesser kestrel Falco naumanni 152.5 4.25 Hiraldo et al. (1994)

Acorn woodpecker Melanerpes formicivorus 80 3 Hooge (1991)

Acorn woodpecker Melanerpes formicivorus 80 4.5 Hooge (1991)

Mallard Anas platyrhynchos 1000 4 Houston and Greenwood (1993)
Mallard Anas platyrhynchos 1010.1 10 Houston and Greenwood (1993)
Mallard Anas platyrhynchos 1028.6 18 Houston and Greenwood (1993)
Royal penguin Eudyptes schlegeli 4250 50 Hull (1997)

Royal penguin Eudyptes schlegeli 4250 9 Hull (1997)

Chinstrap penguin Pygoscelis antarctica 4155.5 20 Croll et al. (1996)

Canada goose Branta canadensis 1990 26 Hupp et al. (2006)

Canada goose Branta canadensis 3060 35 Hupp et al. (2006)

Cory's Shearwater Calonectris diomedea 725 12 Igual et al. (2005)

Black-legged Kittiwakes Rissa tridaciyla 440 11 Irons (1998)

Ring-necked pheasant Phasianus colchicus 897 28 Johnson and Berner (1980)
Great Snipe Gallinago media 170.5 3.2 Kalas et al. (1989)

Common Tern Sterna hirundo 128 8 Klaassen et al. (1992)

Florida Sandhill Cranes Grus canadensis 3200 65 Klugman and Fuller (1990)
Chukar Alectoris chukar 503.5 8.6 O'Hearn et al. (2005)

Bobwhite Colinus virginianus 178 6.5 Osborne et al. (1997)

Gray partrige Perdix perdix 370 15 Putaala et al. (1997)

Barrow's Goldeneyes Bucephala islandica 940.5 19.5 Robert et al. (2006)

Adelie penguin Pygoscelis adeliae 4560 50 Ropert-Coudert et al. (2007)
Adelie penguin Pygoscelis adeliae 4690 17 Ropert-Coudert et al. (2007)
Black Brant Branta bernicla 1432 35 Sedinger et al. (1990)



Common name

Species

Body mass (g)

Device mass (g)

Reference

Black Brant

Dickcissels

Barn owl

Humboldt Penguin
Thick billed murre
Northern spotted owl
Northern spotted owl
Northern spotted owl
Northern spotted owl
Northen Goshawk
Northern Goshawk
Great Cormorant
Merlin

Tawny owl
White-winged dove
White-winged dove
White-winged dove
Prarie Falcon

Adelie penguin

Adelie penguin

Little Penguin
Black-legged Kittiwakes
Little auks

Southern rockhopper penguin
Southern rockhopper penguin
Long-tailed ducks
Northern pintail

Branta bernicla

Spiza americana

Tyto alba

Spheniscus humboldti
Uria lomvia

Strix occidentalis
Strix occidentalis
Strix occidentalis
Strix occidentalis
Accipiter gentilis
Accipiter gentilis
Phalacrocorax carbo
Falco columbarius
Strix aluco

Zenaida asiatica
Zenaida asiatica
Zenaida asiatica
Falco mexicanus
Pygoscelis adeliae
Pygoscelis adeliae
Eudyptula minor
Rissa tridactyla

Alle alle

Eudyptes chrysocome
Eudyptes chrysocome
Clangula hyemalis
Anas acuta

955
30
350
4379
941
591
662
591
662
660
660
2310
250
520
153
153
153
752
4400
4050
970
420
166.2
2642
2642
678
900

35
0.7
3.5
47.25
20.5
18.7
18.7
18.5
18.5
10
19.5
36
4
10
3.65
2.9
3.7
14
20
35
60
15.5

75
3.3
7.4
12

Sedinger et al. (1990)
Suedkamp Wells et al. (2003)
Taylor (1991)

Taylor et al. (2001)
Paredes et al. (2005)
Paton et al. (1991)
Paton et al. (1991)
Paton et al. (1991)
Paton et al. (1991)
Reynolds et al. (2004)
Reynolds et al. (2004)
Schmid et al. (1995)
Sodhi et al. (1991)
Sunde (2006)

Small et al. (2004)
Small et al. (2004)
Small et al. (2004)
Vekasy et al. (1996)
Culik and Wilson (1991)
Culik and Wilson (1991)
Gales and Green (1990)
Heggay et al. (2015)
Kidawa et al. (2012)
Ludynia et al. (2012)
Ludynia et al. (2012)
Enstipp et al. (2015)
Hupp et al. (2015)



Common name Species Body mass (g) Device mass (g) Reference

Northern pintail Anas acuta 900 19 Hupp et al. (2015)
Little Penguin Eudyptula minor 970 14 Agnew et al. (2013)
Little Penguin Eudyptula minor 970 3.4 Agnew et al. (2013)
Greater sage-grouse Centrocercus urophasianus 1750 22 Gibson et al. (2013)
Black-tailed Godwits Limosa limosa 333.3 26 Hooijmeijer et al. (2014)
Spectacled eider Somateria scheri 950 a4 Sexson et al. (2014)
Black-legged Kittiwakes Rissa tridactyla 402.7 20.98 Chivers et al. (2015)
Black-legged Kittiwakes Rissa tridactyla 381.6 3.93 Chivers et al. (2015)
Common eider duck Somateria mollissima 1735 46.55 Latty et al. (2016)
Common eider duck Somateria mollissima 1735 40.5 Latty et al. (2016)
Lesser Black- backed Gulls Larus fuscus 851 19 Thaxter et al. (2016)
Great Skua Stercorarius skua 1346 19 Thaxter et al. (2016)
Prarie Falcon Falco mexicanus 884.2 33.6 Steenhof et al. (2006)
Tufted puffin Fratercula cirrhata 774 7.5 Whidden et al. (2007)
Tufted puffin Fratercula cirrhata 774 9 Whidden et al. (2007)
Swainson's warbler Limnothlypis swainsonii 15.5 0.42 Anich et al. (2009)
Common eider duck Somateria mollissima 1920 42.5 Latty et al. (2010)
Hermit thrush Catharus guttatus 30.8 0.75 Davis et al. (2008)
Pigeon Columba livia 436 5 Irvine et al. (2007)
Pigeon Columba livia 436 8 Irvine et al. (2007)
Golden-winged warbler Vermivora chrysoptera 9.5 0.39 Streby et al. (2013)
Wood thrush Hylocichla mustelina 50 1.5 Gow et al. (2011)
Bicknell's thrush Catharus bicknelli 26.7 1.2 Townsend et al. (2012)
Northern wheatear Oenanthe oenanthe 22.9 1.1 Arlt et al. (2013)
Northern wheatear Oenanthe oenanthe 23.5 0.8 Arlt et al. (2013)
Northern bobwhite Colinus virginianus 178 6 Terhune et al. (2007)
American kestrel Falco sparverius 96.5 4.8 Pereia et al. (2009)



Common name Species Body mass (g) Device mass (g) Reference

Red-billed Curassow Crax blumenbachii 3538.5 46 Bernardo et al. (2011)
Red-headed woodpecker Melanerpes erythrocephalus 67.7 2.1 Vukovich and Kilgo (2009)
Northern cardinal Cardinalis cardinalis 45 1.6 Barron et al. (2013)
Thick-billed murre Uria algae 928.7 3.6 Elliott et al. (2012)
Thick-billed murre Uria algae 928.7 1.8 Elliott et al. (2012)
Common murre Uria lomvia 988.7 3.6 Elliott et al. (2012)
Common murre Uria lomvia 988.7 1.8 Elliott et al. (2012)

Great tit Parus major 16 0.8 Snijders et al. (2017)
Little Penguin Eudyptula minor 1172 22 Ritchie et al. (2010)
Northern gannett Sula bassana 3000 14 Vandenabeele et al. (2014)
Northern gannett Sula bassana 3000 30 Vandenabeele et al. (2014)
Common swift Apus apus 40 1.2 Bowlin et al. (2010)
Common swift Apus apus 40 0.5 Bowlin et al. (2010)
Purple martin Progne subis 48.5 1.5 Stutchbury et al. (2009)
Wood thrush Hylocichla mustelina 51 1.5 Stutchbury et al. (2009)
Savannah sparrow Passerculus sandwichensis 19 0.815 Rae et al. (2009)
Whinchat Saxicola rubetra 15.4 0.63 Blackburn et al. (2016)
Eurasian Hoopoe Upupa epops 69.5 1.32 van Wijk et al. (2016)
Golden-winged Warblers Vermivora chrysoptera 9 0.45 Streby et al. (2015)
Ovenbirds Seiurus aurocapilla 19 0.45 Streby et al. (2015)
Ruby-throated Hummingbirds Archilochus colubris 3.78 0.24 Zenzal et al. (2014)
Ruby-throated Hummingbirds Archilochus colubris 3.78 0.22 Zenzal et al. (2014)
Western grebe Aechmophorus occidentalis 1258.8 26 Mills et al. (2016)

Barn swallow Hirundo rustica 18.6 0.77 Scandolara et al. (2014)
Barn swallow Hirundo rustica 18.2 0.68 Scandolara et al. (2014)
Common murre Uria algae 1000 7 Wanless et al. (1988)
Common murre Uria algae 1092.9 7.65 Wanless et al. (1988)



Common name Species Body mass (g) Device mass (g) Reference

Razorhbill Alca torda 728.6 7.65 Wanless et al. (1988)
African penguin Spheniscus demersus 3000 18 Wilson et al. (1986)
Common yellowthroat Geothlypis trichas 12.7 1.09 Sykes et al. (1990)

Adelie penguin Pygoscelis adeliae 3900 15.7 Ballard et al. (2001)
Adelie penguin Pygoscelis adeliae 3900 0.2 Ballard et al. (2001)
Adelie penguin Pygoscelis adeliae 3900 25.4 Ballard et al. (2001)

Bald Eagles Haliaeetus leucocephalus 5350 160 Buehler et al. (1995)

Bald Eagles Haliaeetus leucocephalus 5350 65 Buehler et al. (1995)
Greater prairie-chicken Tympanuchus cupido 908 14 Burger et al. (1991)
Greater prairie-chicken Tympanuchus cupido 920 20 Burger et al. (1991)

Little penguins Eudyptula minor 1020 20 Chiaradia et al. (2005)
Western burrowing owls Athene cunicularia 141.2 5 Conway and Garcia (2005)
Western burrowing owls Athene cunicularia 141.2 4.6 Conway and Garcia (2005)
Wood duck Aix sponsa 635 1.6 Davis et al. (2001)

Wood duck Aix sponsa 635 1.1 Davis et al. (2001)

Wood duck Aix sponsa 635 0.17 Davis et al. (2001)

Willow grouse Lagopus lagopus 516 15 Erikstad (1979)

Little penguins Eudyptula minor 1100 16 Fallow et al. (2009)
Northern pintails Anas acuta 825 20.5 Fleskes (2003)

King penguin Aptenodytes patagonicus 12800 27 Froget et al. (2004)
Greater sage-grouse Centrocercus urophasianus 1745 20 Gregg et al. (2007)
Greater sage-grouse Centrocercus urophasianus 29.5 1.1 Gregg et al. (2007)
Greater sage-grouse Centrocercus urophasianus 29.5 0.85 Gregg et al. (2007)

Little penguin Eudyptula minor 1105 17 Healy et al. (2004)
American woodcock Scolopax minor 219 4 Horton and Causey (1984)
Eastern wild turkey Meleagris gallopavo 4222 1.5 Hubbard et al. (1998)
Eastern wild turkey Meleagris gallopavo 4222 2 Hubbard et al. (1998)



Common name Species Body mass (g) Device mass (g) Reference

King penguin Aptenodytes patagonicus 13220 0.8 Jackson and Wilson (2002)
Pacific golden-plover Pluvialis fulva 173 1.65 Johnson et al. (2004)
Goshawk Accipiter gentilis 1137 10 Kenward et al. (1999)
Goshawk Accipiter gentilis 1137 18 Kenward et al. (1999)
Goshawk Accipiter gentilis 1137 14 Kenward et al. (1999)
Mallard Anas platyrhynchos 1082 20 Korschgen et al. (1984)
Redhead Aythya americana 990 20 Korschgen et al. (1984)
Northern pintail Anas acuta 825 20 Korschgen et al. (1984)
Common goldeneye Bucephala clangula 800 20 Korschgen et al. (1984)
Ring-necked duck Aythya collaris 680 20 Korschgen et al. (1984)
Canvasback Aythya valisineria 1190 20 Korschgen et al. (1984)
Canvasback Aythya valisineria 45.8 1.8 Korschgen et al. (1996)
Canvasback Aythya valisineria 45.8 4 Korschgen et al. (1996)
Attwater’s prairie-chicken Tympanuchus cupido 500 15 Lockwood et al. (2005)
Mallard Anas platyrhynchos 1082 2 Mauser and Jarvis (1991)
Mallard Anas platyrhynchos 1082 2.3 Mauser and Jarvis (1991)
Common murres Uria aalge 901 35 Meyers et al. (1998)
Great tit Parus major 17.6 0.9 Naef-Daenzer (1993)
Garden warbler Sylvia borin 13.9 0.9 Naef-Daenzer (1993)
Blue tit Cyanistes caeruleus 10.5 0.62 Naef-Daenzer (1993)
Crested tit Lophophanes cristatus 11.1 0.62 Naef-Daenzer (1993)
Crested tit Lophophanes cristatus 11.1 0.57 Naef-Daenzer (1993)
Coal tit Parus ater 9.3 0.57 Naef-Daenzer (1993)
Coal tit Parus ater 9.3 0.5 Naef-Daenzer (1993)
Coal tit Parus ater 9.3 0.45 Naef-Daenzer (1993)
Coal tit Parus ater 9.3 0.44 Naef-Daenzer (1993)
Coal tit Parus ater 9.3 0.39 Naef-Daenzer (1993)



Common name Species Body mass (g) Device mass (g) Reference

Great tit Parus major 16.43 0.475 Naef-Daenzer et al. (2001)
Coal tit Parus ater 10.55 0.475 Naef-Daenzer et al. (2001)
Wild turkey Meleagris gallopavo 4222 140 Nenno and Healy (1979)
Xantus' murrelet Synthliboramphus hypoleucus 165 3.5 Newman et al. (1999)
Marbled murrelet Brachyramphus marmoratus 220 2 Newman et al. (1999)
Canvasback Aythya valisineria 1190 19.6 Olsen et al. (1992)
Mallard Anas platyrhynchos 1082 8 Paquette et al. (1997)
Mallard Anas platyrhynchos 1082 22 Paquette et al. (1997)
White-tailed tropicbird Phaethon lepturus 370 2 Pennycuick et al. (1990)
White-tailed tropicbird Phaethon lepturus 370 5 Pennycuick et al. (1990)
White-tailed tropicbird Phaethon lepturus 370 7 Pennycuick et al. (1990)
White-tailed tropicbird Phaethon lepturus 370 8 Pennycuick et al. (1990)
Spectacled eider Somateria fischeri 1304 30 Petersen et al. (1995)
Wood thrush Hylocichla mustelina 47.4 1.6 Powell et al. (1998)
Woodcock Scolopax minor 219 4.16 Ramakka (1972)

King penguin Aptenodytes patagonicus 13220 50 Ropert-Coudert et al. (2000)
Mallard Anas platyrhynchos 1059 4 Rotella et al. (1993)
Mallard Anas platyrhynchos 1045 9 Rotella et al. (1993)
Mallard Anas platyrhynchos 1046 22 Rotella et al. (1993)
Mourning dove Zenaida macroura 115 5.35 Sayre et al. (1981)

Zebra finch Taeniopygia guttata 14.5 1.05 Schregardus et al. (2006)
Zebra finch Taeniopygia guttata 14.5 0.45 Schregardus et al. (2006)
Mourning dove Zenaida macroura 110.55 3.2 Schulz et al. (1998)
Mourning dove Zenaida macroura 115.05 33 Schulz et al. (2001)
Mourning dove Zenaida macroura 115.05 5 Schulz et al. (2001)
Mourning dove Zenaida macroura 115.05 3.8 Schulz et al. (2001)
Humboldt penguins Spheniscus humboldti 5000 22 Simeone et al. (2002)



Common name Species Body mass (g) Device mass (g) Reference

Ruffled grouse Bonasa umbellis 450 19.5 Small and Rusch (1985)
Ring-necked pheasant Phasianus colchicus 853.8 13.5 Synder (1985)
Ring-necked pheasant Phasianus colchicus 853.8 15.3 Synder (1985)
Ring-necked pheasant Phasianus colchicus 853.8 18.6 Synder (1985)
Common guillemot Uria aalge 993 27 Tremblay et al. (2003)
Common guillemot Uria aalge 1026 3 Tremblay et al. (2003)
Magellanic penguin Spheniscus magellanicus 3700 160 Wilson et al. (2004)



References

Ackerman, J. T, ]. Adams, ]. Y. Takekawa, H. R. Carter, D. L. Whitworth, S. H. Newman, R. T. Golightly, and D. L. Orthmeyer. 2004. Effects of
radiotransmitters on the reproductive performance of Cassin's auklets. Wildlife Society Bulletin 32:1229-1241.

Agnew, P, C. Lalas, ]. Wright, and S. Dawson. 2013. Effects of attached data-logging devices on little penguins (Eudyptula minor). Marine
Biology 160:2375-2382.

Anich, N. M., T.]. Benson, and J. C. Bednarz. 2009. Effect of radio transmitters on return rates of Swainson's warblers. Journal of Field
Ornithology 80:206-211.

Arlt, D., M. Low, and T. Part. 2013. Effect of geolocators on migration and subsequent breeding performance of a long-distance passerine
migrant. PLoS ONE 8:e82316.

Bakken, G. S., P. S. Reynolds, K. P. Kenow, C. E. Korschgen, and A. F. Boysen. 1996. Thermoregulatory effects of radiotelemetry
transmitters in mallard ducklings. Journal of Wildlife Management 60:669-678.

Ballard, G., D. G. Ainley, C. A. Ribic, and K. R. Barton. 2001. Effect of instrument attachment and other factors on foraging trip duration
and nesting success of Adélie penguins. Condor 103:481-490.

Barron, D. G., P.]. Weatherhead, and J. D. Brawn. 2013. A Test of radio-transmitter effects on parental investment and productivity in the
northern cardinal. Condor 115:669-676.

Berdeen, |. B, and D. L. Otis. 2006. Effects of subcutaneous transmitter implants on mourning doves. Wildlife Society Bulletin 94:93-103.

Bernardo, C. S. S., B. Cresswell, H. Lloyd, R. Azeredo, and J. Simpson. 2011. Selection of radio transmitter and attachment method for
post-release monitoring of captive-bred reintroduced red-billed curassow Crax blumenbachii, Brazil. European Journal of Wildlife
Research 57:689-694.

Blackburn, E., M. Burgess, B. Freeman, A. Risely, A. [zang, S. Ivande, C. Hewson, and W. Cresswell. 2016. An experimental evaluation of
the effects of geolocator design and attachment method on between-year survival on whinchats Saxicola rubetra. Journal of Avian
Biology 47:530-539.

Boag, D. A. 1972. Effect of radio packages on behavior of captive red grouse. Journal of Wildlife Management 36:511-518.

Bowlin, M. S., P. Henningsson, F. T. Muijres, R. H. E. Vleugels, F. Liechti, and A. Hedenstrém. 2010. The effects of geolocator drag and
weight on the flight ranges of small migrants. Methods in Ecology and Evolution 1:398-402.

Bowman, ]., M. C. Wallace, W. B. Ballard, |J. H. Brunjes, IV, M. S. Miller, and ]. M. Hellman. 2002. Evaluation of two techniques for attaching
radio transmitters to turkey poults. Journal of Field Ornithology 73:276-280.



Buehler, D. A, ]. D. Fraser, M. R. Fuller, L. S. McAllister, and K. D. S. Janis. 1995. Captive and field-tested radio transmitter attachments for
bald eagles. Journal of Field Ornithology 66:173-180.

Burger, L. W.,, M. R. Ryan, D. P. Jones, and A. P. Wywialowski. 1991. Radio transmitters bias estimation of movements and survival.
Journal of Wildlife Management 55:693-697.

Chiaradia, A., Y. Ropert-Coudert, M. Healy, and N. Knott. 2005. Finding the balance: the effect of the position of external devices on little
penguins. Polar bioscience 18:46-53.

Chivers, L. S., S. A. Hatch, and K. H. Elliott. 2015. Accelerometry reveals an impact of short-term tagging on seabird activity budgets.
Condor 118:159-168.

Conway, C. ]., and V. Garcia. 2005. Effects of radiotransmitters on natal recruitment of burrowing owls. Journal of Wildlife Management
69:404-408.

Cotter, R. C,, and C. ]. Gratto. 1995. Effects of nest and brood visits and radio transmitters on rock ptarmigan. Journal of Wildlife
Management 59:93-98.

Croll, D. A, ]. K. Jansen, M. E. Goebel, P. L. Boveng, and |. L. Bengtson. 1996. Foraging behavior and reproductive success in chinstrap
penguins: the effects of transmitter attachment. Journal of Field Ornithology 67:1-9.

Croll, D. A, S. D. Osmek, and J. L. Bengtson. 1991. An effect of instrument attachment on foraging trip duration in chinstrap penguins.
Condor 93:777-779.

Culik, B. M,, R. Bannasch, and R. P. Wilson. 1994. External devices on penguins: how important is shape? Marine Biology 118:353-357.

Culik, B. M., and R. P. Wilson. 1991. Swimming energetics and performance of instrumented Adelie penguins ( Pygoscelis adeliae). Journal
of Experimental Biology 158:355-368.

Culik, B. M., and R. P. Wilson. 1992. Field metabolic rates of instrumented Adélie penguins using double-labelled water. Journal of
Comparative Physiology B 162:567-573.

Davis, A. K, N. E. Diggs, R.]. Cooper, and P. P. Marra. 2008. Hematological stress indices reveal no effect of radio-transmitters on
wintering hermit thrushes. Journal of Field Ornithology 79:293-297.

Davis, ]. B, B. D. Leopold, and R. M. Kaminski. 2001. Evaluation of exodus rates of differently marked wood duck ducklings from nest
boxes. Wildlife Society Bulletin 29:1206-1211.

Elliott, K. H., L. McFarlane-Tranquilla, C. M. Burke, A. Hedd, W. A. Montevecchi, and W. G. Anderson. 2012. Year-long deployments of
small geolocators increase corticosterone levels in murres. Marine Ecology Progress Series 466:1-7.

Enstipp, M. R, ]. Frost, T. E. Hollmén, R. D. Andrews, and C. Frost. 2015. Two methods of radio transmitter attachment and their effects
on the behavior and energetics of captive long-tailed ducks (Clangula hyemalis) during winter. Animal Biotelemetry 3:36.



Erikstad, K. E. 1979. Effects of radio packages on reproductive success of willow grouse. Journal of Wildlife Management 43:170-175.

Esler, D., D. M. Mulcahy, and R. L. Jarvis. 2000. Testing assumptions for unbiased estimation of survival of radiomarked harlequin ducks.
Journal of Wildlife Management 64:591-598.

Fallow, P. M., A. Chiaradia, Y. Ropert-Coudert, A. Kato, and R. D. Reina. 2009. Flipper bands modify the short-term diving behavior of little
penguins. Journal of Wildlife Management 73:1348-1354.

Fleskes, J. P. 2003. Effects of backpack radiotags on female northern pintails wintering in California. Wildlife Society Bulletin 31:212-
2109.

Froget, G., P.]. Butler, A. ]. Woakes, A. Fahlman, G. Kuntz, Y. Le Maho, and Y. Handrich. 2004. Heart rate and energetics of free-ranging
king penguins (Aptenodytes patagonicus). Journal of Experimental Biology 207:3917-3926.

Gales, R., and B. Green. 1990. The annual energetics cycle of little penguins (Eudyptula minor). Ecology 71:2297-2312.

Garrettson, P. R, F. C. Rohwer, and E. B. Moser. 2000. Effects of backpack and implanted radiotransmitters on captive blue-winged teal.
Journal of Wildlife Management 64:216-222.

Gessaman, ]. A, and K. A. Nagy. 1988. Transmitter loads affect the flight speed and metabolism of homing pigeons. Condor 90:662-668.

Gessaman, . A., G. W. Workman, and M. R. Fuller. 1991. Flight performance, energetics and water turnover of tippler pigeons with a
harness and dorsal load. Condor 93:546-554.

Gibson, D., E.]. Blomberg, G. L. Patricelli, A. H. Krakauer, M. T. Atamian, and ]. S. Sedinger. 2013. Effects of radio collars on survival and
lekking behavior of male greater sage-grouse. Condor 115:769-776.

Godfrey, ]. D., D. M. Bryant, and M. ]J. Williams. 2003. Radio-telemetry increases free-living energy costs in the endangered Takahe
Porphyrio mantelli. Biological Conservation 114:35-38.

Goth, A., and D. N. Jones. 2001. Transmitter attachment and its effects on Australian brush-turkey hatchlings. Wildlife Research 28:73-
78.

Gow, E. A., T.W. Done, and B. ]J. M. Stutchbury. 2011. Radio-tags have no behavioral or physiological effects on a migratory songbird
during breeding and molt. Journal of Field Ornithology 82:193-201.

Green, ]. A, ]. L. Tanton, A. ]. Woakes, 1. L. Boyd, and P. ]. Butler. 2004. Effects of long-term implanted data loggers on macaroni penguins
Eudyptes chrysolophus. Journal of Avian Biology 35:370-376.

Gregg, M. A,, M. R. Dunbar, and J. A. Crawford. 2007. Use of implanted radiotransmitters to estimate survival of greater sage-grouse
chicks. Journal of Wildlife Management 71:646-651.

Guillemette, M., A. ]. Woakes, A. Flagstad, and P. J. Butler. 2002. Effects of data-loggers implanted for a full year in female common eiders.
Condor 104:448-452.



Guyn, K. L., and R. G. Clark. 1999. Decoy trap bias and effects of markers in reproduction of Northerm pintails. Journal of Field
Ornithology 70:504-513.

Hagen, C. A, B. K. Sandercock, J. C. Pitman, R. ]. Robel, and R. D. Applegate. 2006. Radiotelemetry survival estimates of lesser prairie-
chickens in Kansas: Are there transmitter biases? Wildlife Society Bulletin 34:1064-1069.

Hamel, N. ]., ]J. K. Parrish, and L. L. Conquest. 2004. Effects of tagging on behavior, provisioning, and reproduction in the common murre
(Uria aalge), a diving seabird. Auk 121:1161-1171.

Healy, M., A. Chiaradia, R. Kirkwood, and P. Dann. 2004. Balance: a neglected factor when attaching external devices to penguins.
Memoirs of National Institute of Polar Research. Special issue 58:179-182.

Hegggay, 0., S. Christensen-Dalsgaard, P. S. Ranke, O. Chastel, and C. Bech. 2015. GPS-loggers influence behaviour and physiology in the
black-legged kittiwake Rissa tridactyla. Marine Ecology Progress Series 521:237-248.

Hepp, G. R, T. H. Folk, and K. M. Hartke. 2002. Effects of subcutaneous transmitters on reproduction, incubation behavior, and annual
return rates of female wood ducks. Wildlife Society Bulletin 30:1208-1214.

Herzog, P. W. 1979. Effects of radio-marking on behavior, movements, and survival of spruce grouse. Journal of Wildlife Management
43:316-323.

Hill, I. F,, B. H. Cresswell, and R. E. Kenward. 1999. Field-testing the suitability of a new back-pack harness for radio-tagging passerines.
Journal of Avian Biology 30:135-142.

Hines, J. E., and F. C. Zwickel. 1985. Influence of radio packages on young blue grouse. Journal of Wildlife Management 49:1050-1054.

Hiraldo, F., ]. A. Dondazar, and J. ]. Negro. 1994. Effects of tail-mounted radio-tags on adult lesser kestrels. Journal of Field Ornithology
65:466-471.

Hooge, P. N. 1991. The effects of radio weight and harnesses on time budgets and movements of acorn woodpeckers. Journal of Field
Ornithology 62:230-238.

Hooijmeijer, ]. C. E. W., R. E. Gill, D. M. Mulcahy, T. L. Tibbitts, R. Kentie, G. ]. Gerritsen, L. W. Bruinzeel, D. C. Tijssen, C. M. Harwood, and T.
Piersma. 2014. Abdominally implanted satellite transmitters affect reproduction and survival rather than migration of large
shorebirds. Journal of Ornithology 155:447-457.

Horton, G. [., and M. K. Causey. 1984. Brood abandonment by radio-tagged American woodcock hens. Journal of Wildlife Management
48:606-607.

Houston, R. A, and R. J. Greenwood. 1993. Effects of radio transmitters on nesting captive mallards. Journal of Wildlife Management
57:703-7009.



Hubbard, M. W,, L.-L. C. Tsao, E. E. Klaas, M. Kaiser, and D. H. Jackson. 1998. Evaluation of transmitter attachment techniques on growth
of wild turkey poults. Journal of Wildlife Management 62:1574-1578.

Hull, C. L. 1997. The effect of carrying devices on breeding royal penguins. Condor 99:530-534.

Hupp, J]. W,, S. Kharitonov, N. M. Yamaguchi, K. Ozaki, P. L. Flint, ]. M. Pearce, K.-i. Tokita, T. Shimada, and H. Higuchi. 2015. Evidence that
dorsally mounted satellite transmitters affect migration chronology of Northern Pintails. Journal of Ornithology 156:977-989.

Hupp, ]. W,, ]. M. Pearce, D. M. Mulcahy, and D. A. Miller. 2006. Effects of abdominally implanted radiotransmitters with percutaneous
antennas on migration, reproduction, and survival of Canada geese. Journal of Wildlife Management 70:812-822.

Igual, ]. M., M. G. Forero, G. Tavecchia, ]. Gonzalez-Solis, A. Martinez-Abrain, K. A. Hobson, X. Ruiz, and D. Oro. 2005. Short-term effects of
data-loggers on Cory’s shearwater (Calonectris diomedea). Marine Biology 146:619-624.

Irons, D. B. 1998. Foraging area fidelity of individual seabirds in relation to tidal cycles and flock feeding. Ecology 79:647-655.

Irvine, R. ], F. Leckie, and S. M. Redpath. 2007. Cost of carrying radio transmitters: a test with racing pigeons Columba livia. Wildlife
Biology 13:238-243.

Jackson, S., and R. P. Wilson. 2002. The potential costs of flipper-bands to penguins. Functional Ecology 16:141-148.

Johnson, 0. W,, C. D. Adler, L. A. Ayres, M. A. Bishop, E. D.Jodi, P. M. Johnson, J. K. Ronald, and E. S. Susan. 2004. Radio-tagged pacific
golden-plovers: further insight concerning the Hawaii-Alaska migratory link. Wilson Bulletin 116:158-162.

Johnson, R. N, and A. H. Berner. 1980. Effects of radio transmitters on released cock pheasants. Journal of Wildlife Management 44:686-
689.

Kalas, J. A, L. Lgfaldli, and P. Fiske. 1989. Effects of radio packages on great snipe during breeding. Journal of Wildlife Management
53:1155-1158.

Kenward, R. E., V. Marcstrom, and M. Karlbom. 1999. Demographic estimates from radio-tagging: models of age-specific survival and
breeding in the goshawk. Journal of Animal Ecology 68:1020-1033.

Kidawa, D., D. Jakubas, K. Wojczulanis-Jakubas, L. Iliszko, and L. Stempniewicz. 2012. The effects of loggers on the foraging effort and
chick-rearing ability of parent little auks. Polar Biology 35:909-917.

Klaassen, M., P. H. Becker, and M. Wagener. 1992. Transmitter loads do not affect the daily energy expenditure of nesting common terns.
Journal of Field Ornithology 63:181-185.

Klugman, S. S., and M. R. Fuller. 1990. Effects of implanted transmitters on captive florida sandhill cranes. Wildlife Society Bulletin
18:394-399.

Korschgen, C. E., K. P. Kenow, W. L. Green, D. H. Johnson, M. D. Samuel, and L. Sileo. 1996. Survival of radiomarked canvasback ducklings
in northwestern Minnesota. Journal of Wildlife Management 60:120-132.



Korschgen, C. E., S.]. Maxson, and V. B. Kuechle. 1984. Evaluation of implanted radio transmitters in ducks. Journal of Wildlife
Management 48:982-987.

Latty, C.].,, T. E. Hollmén, M. R. Petersen, A. N. Powell, and R. D. Andrews. 2010. Abdominally implanted transmitters with percutaneous
antennas affect the dive performance of common eiders. Condor 112:314-322.

Latty, C.].,, T. E. Hollmén, M. R. Petersen, A. N. Powell, and R. D. Andrews. 2016. Biochemical and clinical responses of Common Eiders to
implanted satellite transmitters. Condor 118:489-501.

Lockwood, M. A, C. P. Griffin, M. E. Morrow, C. ]J. Randel, and N. J. Silvy. 2005. Survival, movements, and reproduction of released cative-
reared Attwater's prarie-chicken. Journal of Wildlife Management 69:1251-1258.

Ludynia, K., N. Dehnhard, M. Poisbleau, L. Demongin, ]. F. Masello, and P. Quillfeldt. 2012. Evaluating the impact of handling and logger
attachment on foraging parameters and physiology in southern rockhopper penguins. PLoS ONE 7:e50429.

Mauser, D. M,, and R. L. Jarvis. 1991. Attaching radio transmitters to 1-day-old mallard ducklings. Journal of Wildlife Management
55:488-491.

Meyers, P. M., S. A. Hatch, and D. M. Mulcahy. 1998. Effect of implanted satellite transmitters on the nesting behavior of murres. Condor
100:172-174.

Mills, K. L., J. K. Gaydos, C. V. Fiorello, E. R. Whitmer, S. D. L. Cruz, D. M. Mulcahy, L. I. Vilchis, and M. H. Ziccardi. 2016. Post-release
survival and movement of Western grebes (Aechmophorus occidentalis) implanted with intracoelomic satellite transmitters.
Waterbirds 39:175-186.

Naef-Daenzer, B. 1993. A new transmitter for small animals and enhanced methods of home-range analysis. Journal of Wildlife
Management 57:680-689.

Naef-Daenzer, B., F. Widmer, and M. Nuber. 2001. Differential post-fledging survival of great and coal tits in relation to their condition
and fledging date. Journal of Animal Ecology 70:730-738.

Nenno, E. S., and W. M. Healy. 1979. Effects of radio packages on behavior of wild turkey hens. Journal of Wildlife Management 43:760-
765.

Newman, S. H., ]. Y. Takekawa, D. L. Whitworth, and E. E. Burkett. 1999. Subcutaneous anchor attachment increases retention of radio
transmitters on Xantus' and marbled murrelets. Journal of Field Ornithology 70:520-534.

O'Hearn, P. P,, L. M. Romero, R. Carlson, and D. ]. Delehanty. 2005. Effective subcutaneous radiotransmitter implantation into the furcular
cavity of chukars. Wildlife Society Bulletin 33:1033-1046.

Olsen, G. H., F.]. Dein, G. M. Haramis, and D. G. Jorde. 1992. Implanting radio transmitters in wintering canvasbacks. Journal of Wildlife
Management 56:325-328.



Osborne, D. A, B.]. Frawley, and H. P. Weeks, Jr. 1997. Effects of radio tags on captive northern bobwhite (Colinus virginianus) body
composition and survival. American Midland Naturalist 137:213-224.

Paquette, G. A, . H. Devries, R. B. Emery, D. W. Howerter, B. L. Joynt, and T. P. Sankowski. 1997. Effects of transmitters on reproduction
and survival of wild mallards. Journal of Wildlife Management 61:953-961.

Paredes, R, I. L. Jones, and D. J. Boness. 2005. Reduced parental care, compensatory behaviour and reproductive costs of thick-billed
murres equipped with data loggers. Animal Behaviour 69:197-207.

Paton, P. W. C,, C.]. Zabel, D. L. Neal, G. N. Steger, N. G. Tilghman, and B. R. Noon. 1991. Effects of radio tags on spotted owls. Journal of
Wildlife Management 55:617-622.

Pennycuick, C. ], F. C. Schaffner, M. R. Fuller, H. H. Obrecht, and L. Sternberg. 1990. Foraging flights of the white-tailed tropicbird
(Phaethon lepturus): Radiotracking and doubly-labelled water. Colonial Waterbirds 13:96-102.

Pereia, R.]. G,, M. A. M. Granzinolli, F. M. De Barros, and J. M. B. Duarte. 2009. Influence of radiotransmitters on fecal glucocorticoid levels
of free-ranging male American kestrels. Journal of Wildlife Management 73:772-778.

Petersen, M. R, D. C. Douglas, and D. M. Mulcahy. 1995. Use of implanted satellite transmitters to locate spectacled eiders at sea. Condor
97:276-278.

Powell, L. A, D. G. Krementz, . D. Lang, and M. J. Conroy. 1998. Effects of radio transmitters on migrating wood thrushes. Journal of Field
Ornithology 69:306-315.

Putaala, A., J. Oksa, H. Rintamadki, and R. Hissa. 1997. Effects of hand-rearing and radiotransmitters on flight of gray partridge. Journal of
Wildlife Management 61:1345-1351.

Rae, L. F., G. W. Mitchell, R. A. Mauck, C. G. Guglielmo, and D. R. Norris. 2009. Radio transmitters do not affect the body condition of
Savannah Sparrows during the fall premigratory period. Journal of Field Ornithology 80:419-426.

Ramakka, ]. M. 1972. Effects of radio-tagging on breeding behavior of male woodcock. Journal of Wildlife Management 36:1309-1312.

Reynolds, R. T., G. C. White, S. M. Joy, and R. W. Mannan. 2004. Effects of radiotransmitters on northern goshawks: do tailmounts lower
survival of breeding males? Journal of Wildlife Management 68:25-32.

Ritchie, W.]., ]. A. Green, P. Dann, P. ]. Butler, and P. B. Frappell. 2010. Do implanted data-loggers affect the time spent at sea by Little
Penguins (Eudyptula minor) during winter? Emu 110:71-77.

Robert, M., B. Drolet, and ].-P. S. Savard. 2006. Effects of backpack radio-transmitters on female Barrow's goldeneyes. Waterbirds
29:115-120.

Ropert-Coudert, Y., C.-A. Bost, Y. Handrich, R. M. Bevan, P. ]. Butler, A.]. Woakes, and Y. Le Maho. 2000. Impact of externally attached
loggers on the diving behaviour of the king penguin. Physiological and Biochemical Zoology 73:438-445.



Ropert-Coudert, Y., R. P. Wilson, K. Yoda, and A. Kato. 2007. Assesing performance constraints in penguins with externally-attached
devices. Marine Ecology Progress Series 333:281-289.

Rotella, ]. J., D. W. Howerter, T. P. Sankowski, and ]. H. Devries. 1993. Nesting effort by wild mallards with 3 types of radio transmitters.
Journal of Wildlife Management 57:690-695.

Sayre, M. W,, T. S. Baskett, and P. B. Blenden. 1981. Effects of radio-tagging on breeding behavior of mourning doves. Journal of Wildlife
Management 45:428-434.

Scandolara, C., D. Rubolini, R. Ambrosini, M. Caprioli, S. Hahn, F. Liechti, A. Romano, M. Romano, B. Sicurella, and N. Saino. 2014. Impact
of miniaturized geolocators on barn swallow Hirundo rustica fitness traits. Journal of Avian Biology 45:417-423.

Schmid, D., D. Grémillet, and B. M. Culik. 1995. Energetics of underwater swimming in the great cormorant (Phalacrocorax carbo
sinensis). Marine Biology 123:875-881.

Schregardus, D. S., A. W. Pieneman, A. Ter Maat, R. F. Jansen, T. ]. F. Brouwer, and M. L. Gahr. 2006. A lightweight telemetry system for
recording neuronal activity in freely behaving small animals. Journal of Neuroscience Methods 155:62-71.

Schulz, |. H,, A. ]. Bermudez, |. L. Tomlinson, J. D. Firman, and Z. He. 1998. Effects of implanted radiotransmitters on captive mourning
doves. Journal of Wildlife Management 62:1451-1460.

Schulz, J. H,, A. ]. Bermudez, J. L. Tomlinson, ]. D. Firman, and Z. He. 2001. Comparison of radiotransmitter attachment techniques using
captive mourning doves. Wildlife Society Bulletin 29:771-782.

Sedinger, ]. S., R. G. White, and W. E. Hauer. 1990. Effects of carrying radio transmitters on energy expenditure of Pacific black nrant.
Journal of Wildlife Management 54:42-45.

Sexson, M. G., D. M. Mulcahy, M. Spriggs, and G. E. Myers. 2014. Factors influencing immediate post-release survival of spectacled eiders
following surgical implantation of transmitters with percutaneous antennae. Journal of Wildlife Management 78:550-560.

Simeone, A, R. P. Wilson, G. Knauf, W. Knauf, and J. Schiitzendiibe. 2002. Effects of attached data-loggers on the activity budgets of
captive Humboldt penguins. Zoo Biology 21:365-373.

Small, M. F,, R. Rosales, J. T. Baccus, F. W. Weckerly, D. N. Phalen, and J. A. Roberson. 2004. A comparison of effects of radiotransmitter
attachment techniques on captive white-winged doves. Wildlife Society Bulletin 32:627-637.

Small, R. ]., and D. H. Rusch. 1985. Backpacks vs. ponchos: survival and movements of radio-marked ruffed grouse. Wildlife Society
Bulletin 13:163-165.

Snijders, L., L. E. N. Weme, P. de Goede, ]. L. Savage, K. van Oers, and M. Naguib. 2017. Context-dependent effects of radio transmitter
attachment on a small passerine. Journal of Avian Biology:Online first.



Sodhij, N. S,, . G. Warkentin, P. C. James, and L. W. Oliphant. 1991. Effects of radiotagging on breeding merlins. Journal of Wildlife
Management 55:613-616.

Steenhof, K, K. K. Bates, M. R. Fuller, M. N. Kochert, J. 0. McKinley, and P. M. Lukacs. 2006. Effects of radiomarking on prairie falcons:
Attachment failures provide insights about survival. Wildlife Society Bulletin 34:116-126.

Streby, H. M., T. L. McAllister, S. M. Peterson, G. R. Kramer, J. A. Lehman, and D. E. Andersen. 2015. Minimizing marker mass and handling
time when attaching radio-transmitters and geolocators to small songbirds. Condor 117:249-255.

Streby, H. M., S. M. Peterson, C. F. Gesmundo, M. K. Johnson, A. C. Fish, J. A. Lehman, and D. E. Andersen. 2013. Radio-transmitters do not
affect seasonal productivity of female golden-winged warblers. Journal of Field Ornithology 84:316-321.

Stutchbury, B. J. M,, S. A. Tarof, T. Done, E. Gow, P. M. Kramer, |. Tautin, ]. W. Fox, and V. Afanasyev. 2009. Tracking long-distance songbird
migration by using geolocators. Science 323:896.

Suedkamp Wells, K. M., B. E. Washburn, J. ]. Millspaugh, M. R. Ryan, and M. W. Hubbard. 2003. Effects of radio-transmitters on fecal
glucocorticoid levels in captive dickcissels. Condor 105:805-810.

Sunde, P. 2006. Effects of backpack radio tags on tawny owls. Journal of Wildlife Management 70:594-599.

Sykes, P. W., J. W. Carpenter, S. Holzman, and P. H. Geissler. 1990. Evaluation of three miniature radio transmitter attachment methods
for small passerines. Wildlife Society Bulletin 18:41-48.

Synder, W. D. 1985. Survival of radio-marked hen ring-necked pheasants in Colorado. Journal of Wildlife Management 49:1044-1050.

Taylor, I. R. 1991. Effects of nest inspections and radiotagging on barn owl breeding success. Journal of Wildlife Management 55:312-
315.

Taylor, S. S., M. L. Leonard, D. ]. Bones, and P. Majluf. 2001. Foraging trip duration increases for Humboldt penguins tagged with
recording devices. Journal of Avian Biology 32:369-372.

Terhune, T. M,, D. C. Sisson, ]. B. Grand, and H. L. Stribling. 2007. Factors influencing survival of radiotagged and banded northern
bobwhites in Georgia. Journal of Wildlife Management 71:1288-1297.

Thaxter, C. B,, V. H. Ross-Smith, J. A. Clark, N. A. Clark, G. ]. Conway, E. A. Masden, H. M. Wade, E. H. K. Leat, S. C. Gear, M. Marsh, C. Booth,
R. W. Furness, S. C. Votier, and N. H. K. Burton. 2016. Contrasting effects of GPS device and harness attachment on adult survival
of Lesser Black-backed Gulls Larus fuscus and Great Skuas Stercorarius skua. Ibis 158:279-290.

Townsend, ]. M., C. C. Rimmer, and K. P. McFarland. 2012. Radio-transmitters do not affect seasonal mass change or annual survival of
wintering Bicknell's thrushes. Journal of Field Ornithology 83:295-301.

Tremblay, Y., Y. Cherel, M. Oremus, T. Tveraa, and O. Chastel. 2003. Unconventional ventral attachment of time-depth recorders as a new
method for investigating time budget and diving behaviour of seabirds. Journal of Experimental Biology 206:1929.



van Wijk, R. E,, G. Souchay, S. Jenni-Eiermann, S. Bauer, and M. Schaub. 2016. No detectable effects of lightweight geolocators on a
Palaearctic-African long-distance migrant. Journal of Ornithology 157:255-264.

Vandenabeele, S. P., E. Grundy, M. 1. Friswell, A. Grogan, S. C. Votier, and R. P. Wilson. 2014. Excess baggage for birds: Inappropriate
placement of tags on gannets changes flight patterns. PLoS ONE 9:e92657.

Vekasy, M. S., ]. M. Marzluff, M. N. Kochert, R. N. Lehman, and K. Steenhof. 1996. Influence of radio transmitters on prairie falcons. Journal
of Field Ornithology 67:680-690.

Vukovich, M., and ]. C. Kilgo. 2009. Effects of radio transmitters on the behavior of red-headed Woodpeckers. Journal of Field Ornithology
80:308-313.

Wanless, S., M. P. Harris, and J. A. Morris. 1988. The effect of radio transmitters on the behavior of common murres and razorbills during
chick rearing. Condor 90:816-823.

Whidden, S. E., C. T. Williams, A. R. Breton, and C. L. Buck. 2007. Effects of transmitters on the reproductive success of tufted puffins.
Journal of Field Ornithology 78:206-212.

Wilson, R. P,, W. S. Grant, and D. C. Duffy. 1986. Recording devices on free-ranging marine animals: does measurement affect foraging
performance? Ecology 67:1091-1093.

Wilson, R. P,,]. M. Kreye, K. Lucke, and H. Urquhart. 2004. Antennae on transmitters on penguins: balancing energy budgets on the high
wire. Journal of Experimental Biology 207:2649.

Zenzal, T. ], Jr, R. H. Diehl, and F. R. Moore. 2014. The impact of radio-tags on Ruby-throated Hummingbirds (Archilochus colubris).
Condor 116:518-526.



