
SUPPLEMENTARY DATA 

 

 

 

 

 

 

Affiliations: 

1 
Infraestruturas de Portugal Biodiversity Chair, CIBIO/InBio, Centro de Investigação 

em Biodiversidade e Recursos Genéticos, Laboratório Associado, Universidade do 

Porto. Campus Agrário de Vairão, 4485-661 Vairão, Portugal. 

2 
CEABN/InBio, Centro de Ecologia Aplicada “Professor Baeta Neves”, Instituto 

Superior de Agronomia, Universidade de Lisboa, Tapada da Ajuda, 1349-017 Lisboa, 

Portugal. 

3
 Current address: University of Alcalá, Carretera Madrid-Barcelona km. 33.6, 28871 

Alcalá de Henares, Spain. 

4
 REN Biodiversity Chair, CIBIO/InBio, Centro de Investigação em Biodiversidade e 

Recursos Genéticos, Laboratório Associado, Universidade do Porto. Campus Agrário de 

Vairão, 4485-661 Vairão, Portugal. 

5
 Current address: IDAEA-CSIC, C/ Jordi Girona 18-26, 08034 Barcelona, Spain. 

Corresponding author email: rafael.barrientos@uah.es; phone: +34 91 8854927 

Article title: A review of searcher efficiency and carcass persistence in infrastructure-driven 

mortality assessment studies 

Journal title: Biological Conservation  

Authors: Rafael Barrientos
1,2,3

, Ricardo C. Martins
2,4

, Fernando Ascensão
1,2

, Marcello 

D'Amico
2,4,5

, Francisco Moreira
2,4

, Luís Borda-de-Água
1,2

 

 

Contact: XXX 

 

 

 

mailto:rafael.barrientos@uah.es
mailto:barrientos@cibio.up.pt


Acknowledgments 

We thank M. Henrich, M. Wink, E. Guinard, K. Bevanger, P. Ruiz-Capillas, J.E. Malo, 

B. Urquhart, E. Baerwald, S. Vasconcelos, E. García-Barros, P. Skórka, F.F. Rivera-

Milán, F. Amorim, C. Ponce, M.A. Farfán from Biogea Consultores and M. 

Mascarenhas and H. Coelho from Bioinsight for providing additional data from their 

research or helping in several ways. 



Contents: 

 

Table S1: Documents reviewed for present study on searcher efficiency and carcass 

persistence field experiments. 

Table S2: List of scientific and common names, taxa and body mass of the species 

included in the analyses. 

Table S3: Trials included in the GLMM on searcher efficiency, including study 

reference and the variables tested. 

Table S4: Trials included in the GLMM on carcass persistence, including study 

reference and the variables tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1.- Studies reviewed on searcher efficiency and carcass persistence field 

experiments. 

Agripro Ambiente (2007) Monitorização do Impacte da Linha de Ligação entre o Parque 

Eólico de Pampilhosa da Serra e a Linha Vila Chã-Pereiros 2 (220 kV) em 

Vertebrados voadores – Relatório Final. Non-published report (prepared for REN – 

Rede Eléctrica Nacional, S. A.), Lisboa. 

Agripro Ambiente (2008) Monitorização do impacte da Linha Bodiosa-Valdigem (400 kV) 

em vertebrados voadores – Relatório Final (2º ano de monitorização). Non-

published report (prepared for REN – Rede Eléctrica Nacional, S. A.), Lisboa. 

Agripro Ambiente (2009a) Monitorização dos Vertebrados Voadores na Linha Penamacor-

Ferro a 220 kV – Relatório Final. Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), Lisboa. 

Agripro Ambiente (2009b) Monitorização do Impacte da Linha Pereiros-Zêzere, a 220 kV 

+ abertura da Linha Pereiros-Zêzere para a subestação de Penela (Linhas 

Pereiros-Penela e Penela-Zêzere) nos Vertebrados Voadores. – Relatório Final. 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), Lisboa. 

Agripro Ambiente (2010a) Monitorização do impacte da Linha de Alta Tensão de 

Interligação do Parque Eólico das Terras Altas de Fafe à Subestação de Riba 

D’Ave, a 150 kV em Vertebrados Voadores – Relatório Final. Non-published report 

(prepared for REN – Rede Eléctrica Nacional, S. A.), Lisboa. 

Agripro Ambiente (2010b) Monitorização dos Vertebrados Voadores na Linha do Parque 

Eólico da Gardunha para a Subestação de Castelo Branco a 150 kV – Relatório 

Final. Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), 

Lisboa. 



Agripro Ambiente (2012) Monitorização do impacte da Linha de ligação do Parque Eólico 

do Alto Minho I – Pedralva, a 150 kV nos Vertebrados Voadores – Relatório Final. 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), Lisboa. 

Alonso, J. C., Alonso, J.A. & Muñoz-Pulido, R. (1994) Mitigation of bird collisions with 

transmission lines through ground wire marking. Biological Conservation, 67, 129-

134. 

Amorim, F. (2009) Morcegos e parques eólicos - Relação entre o uso do espaço e a 

mortalidade, avaliacão de metodologias, e influência de factores ambientais e 

ecológicos sobre a mortalidade. Master Thesis. University of Evora. 

Amorim, F., Rebelo, H. & Rodrigues, L. (2012) Factors influencing bat activity and 

mortality at a wind farm in the Mediterranean region. Acta Chiropterologica, 14, 

439-457. 

Anderson, R., Morrison, M., Sinclair, K. & Strickland, D. (1999) Studying Wind 

Energy/Bird Interactions: A Guidance Document. Avian Subcommittee and the 

National Wind Coordinating Committee, Washington, DC, USA. 

Anderson, R., Newmann, N., Tom, J., Erickson, W.P., Strickland, M.D., Bourassa M. et al. 

(2004) Avian monitoring and risk assessment at the Tehachapi Pass wind resource 

area. National Renewable Energy Laboratory, pp 90. 

Anderson, R., Tom, J., Neumann N., Erickson, W., Strickland, D., Bourassa, M. et al. 

(2005) Avian monitoring and risk assessment at the San Gorgonio Wind Resource 

Area. National Renewable Energy Laboratory, NREL/SR-500–38054, Golden, 

Colorado, USA. 

Antworth, R.L., Pike, D.A. & Stevens, E.E. (2005) Hit and run: effects of scavenging on 

estimates of roadkilled vertebrates. Southeast Naturalist, 4, 647-656. 



Arnett, E.B. 2005. Relationships between bats and wind turbines in Pennsylvania and West 

Virginia: an assessment of bat fatality search protocols, patterns of fatality, and 

behavioral interactions with wind turbines. The Bats and Wind Energy Cooperative, 

Bat Conservation International, Austin, Tex. 

Arnett, E. B., technical editor. 2005. Relationships between bats and wind turbines in 

Pennsylvania and West Virginia: an assessment of bat fatality search protocols, 

patterns of fatality, and behavioral interactions with wind turbines. A final report 

submitted to the Bats and Wind Energy Cooperative. Bat Conservation 

International. Austin, Texas, USA. 

Arnett, E. B. (2006) A preliminary evaluation on the use of dogs to recover bat fatalities at 

wind energy facilities. Wildlife Society Bulletin, 34, 1440-1445. 

Arnett, E.B., Brown, K., Erickson, W.P., Fiedler, J., Henry, T.H., Johnson, G.D. et al. 

(2008) Patterns of bat fatalities at wind energy facilities in North America. Journal 

of Wildlife Management, 72, 61-78. 

Arnett, E. B., M. Schirmacher, M. M. P. Huso, and J. P. Hayes. 2009. Effectiveness of 

changing wind turbine cut-in speed to reduce bat fatalities at wind facilities. An 

annual report submitted to the Bats and Wind Energy Cooperative. Bat 

Conservation International. Austin, Texas, USA. 

AusWind (2005) Wind farms and birds: interim standards for risk assessment, Report no. 

2003.35(2.2), Australian Wind Energy Association, Carlton North, Victoria. 

Avery, M.L., Springer, P.F. & Cassel, J.F. (1978) The composition and seasonal variation 

of bird losses at a tall tower in southeastern North Dakota. American Birds, 32, 

1114-1121. 

Baerwald, E. R. & Barclay, R.M.R. (2009) Geographic variation in activity and fatality of 

migratory bats at wind energy facilities. Journal of Mammalogy, 90, 1341-1349. 



Baerwald, E. R. & Barclay, R.M.R. (2011) Patterns of activity and fatality of migratory bats 

at a wind energy facility in Alberta, Canada. Journal of Wildlife Management, 75, 

1103-1114.  

Bager, A. & Rosa, C.A. (2011) Influence of sampling effort on the estimated richness of 

road-killed vertebrate wildlife. Environmental Management, 47, 851-858. 

Baines, D. & Summers, R.W. (1997) Assessment of bird collisions with deer fences in 

Scottish forests. Journal of Applied Ecology, 34, 941-948. 

Balcomb, R. (1986) Songbird carcasses disappear rapidly from agricultural fields. Auk, 103, 

817-820. 

Barclay, R.M.R., Baerwalkd, E.F. & Gruver, J.C. (2007) Variation in bat and bird fatalities 

at wind energy facilities: assessing the effects of rotor size and tower height. 

Canadian Journal of Zoology, 85, 381-387. 

Barthelmess, E.L. & Brooks, M.S. (2010) The influence of body-size and diet on roadkill 

trends in mammals. Biodiversity and Conservation, 19, 1611–1629. 

Barrios, L. & Rodríguez, A. (2004) Behavioural and environmental correlates of soaring-

bird mortality at on-shore wind turbines. Journal of Applied Ecology, 41, 72-81  

Baxter-Gilbert, J.H., Riley, J.L., Neufeld, C.J.H., Litzgus, J.D. & Lesbarrères, D. (2015) 

Road mortality potentially responsible for billions of pollinating insect deaths 

annually. Journal of Insect Conservation, 19, 1029-1035. 

Bayne, E.M., Scobie, C.A. & Rawson-Clark, M. (2012) Factors influencing the annual risk 

of bird-window collisions at residential structures in Alberta, Canada. Wildlife 

Research, 39, 583-592. 

Beaulaurier, D.L. (1981) Mitigation of bird collisions with transmission lines. Bonneville 

Power Administration, Portland, Oregon. 



Beckmann, C.,  Crossland, M. & Shine, R. (2011). Responses of Australian wading birds to 

a novel toxic prey type, the invasive cane toad (Rhinella marina). Biological 

Invasions, 13, 2925-2934. 

Beckmann, C. & Shine, R. (2015) Do the numbers and locations of road-killed anuran 

carcasses accurately reflect impacts of vehicular traffic? Journal of Wildlife 

Management, 79, 92-101. 

Beebe, S.C., Howell, T.J. & Bennett, P.C. (2016) Using scent detection dogs in 

conservation settings: a review of scientific literature regarding their selection. 

Frontiers in Veterinary Science, 3, 96. 

Bellan SE, Gimenez O, Choquet R, Getz WM. 2013. A hierarchical distance sampling 

approach to estimating mortality rates from opportunistic carcass surveillance data. 

Methods Ecology and Evolution, 4, 361-369. 

Bernardino J, Bispo R, Torres P, Rebelo R, Mascarenhas M, Costa H (2011)  Enhancing 

carcass removal trials at three wind energy facilities in Portugal. Wildlife in 

Practice, 7, 1-14. 

Bernardino J, Bispo R, Mascarenhas M, Costa H. Are we properly assessing bird and bat 

mortality at onshore wind farms? (2012) 32nd Annual Meeting of the International 

Association for Impact Assessment, 27 May- 1 June 2012, Porto. 

Bernardino, J., Bispo, R., Costa, H. & Mascarenhas, M. (2013) Estimating bird and bat 

fatality at wind farms: a practical overview of estimators, their assumptions and 

limitations. New Zealand Journal of Zoology, 40, 63-74. 

Bevanger, K., Bakke, Ø. & Engen, S. (1994) Corpse removal experiments with willow 

ptarmigan (Lagopus lagopus) in power-line corridors. Ökolgie der Vögel, 16, 597-

607. 



Bevanger K. 1995. Estimates and population consequences of tetranoid mortality caused by 

collisions with high tension power lines in Norway. Journal of Applied Ecology, 32, 

745-753. 

Bevanger, K. (1999) Estimating bird mortality caused by collision and electrocution with 

power lines: a review of methodology. Pages 29–56 in M. Ferrer and G. F. E. Janss, 

editors. Birds and power lines: collision, electrocution and breeding. Quercus, 

Madrid. 

Bevanger, K. & Brøseth, H., (2000) Reindeer Rangifer tarandus fences as a mortality factor 

for ptarmigan Lagopus spp. Wildlife Biology, 6, 121-127. 

Bio3 (2010) Monitorização de Avifauna na envolvente do Ramal da Linha Mogadouro-

Valeira para a Subestação de Olmos (Macedo de Cavaleiros), a 220 kV – Relatório 

Final (Fevereiro 08 / Agosto 10). Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), Almada. 

Bio3 (2012) Linha Valdigem-Vermoim (VGVM) 4/5, troço entre a Subestação de 

Valdigem e o actual apoio 158 da LVGVM, a 220kV – Monitorização dos 

vertebrados voadores – Relatório Final. Non-published report (prepared for REN – 

Rede Eléctrica Nacional, S. A.), Almada. 

Bio3. (2015) Monitorização de Avifauna na Zona do Parque Natural do Douro 

Internacional – Relatório Final, Março de 2014 a Fevereiro de 2015. Non-published 

report (prepared for REN – Rede Eléctrica Nacional, S. A.), Almada. 

Bispo R, Bernardino J, Marques T, Pestana D 2012. Modeling carcass removal time for 

avian mortality assessment in wind farms using parametric survival analysis. 

Environmental and Ecological Statistics, 20, 147-165. 



Bodkin, J.L., Jameson, R.J., (1991) Patterns of seabird and marine mammal carcass 

deposition along the central California coast, 1980-1986. Canadian Journal of 

Zoology, 69, 1149-1155. 

Bollinger TK, Evelsizer DD, Dufour KW, Soos C, Clark RG, Wobeser G, Kehoe FP, Guyn 

KL, Pybus MJ (2011) Ecology and Management of Avian Botulism on the Canadian 

Prairies. Technical Report. 

Boves TJ, Belthoff JR (2012) Roadway mortality of barn owls in Idaho, USA. Journal of 

Wildlife Management, 76, 1381-1392.  

Bracey AM, Etterson MA, Niemi GJ, Green RF (2016) Variation in bird-window collision 

mortality and scavenging rates within an urban landscape. The Wilson Journal of 

Ornithology, 128, 355-367. 

Brinkmann, R. (2006) Survey of Possible Operational Impacts on Bats by Wind Facilities 

in Southern Germany. Ecological Consultancy Dr. Robert Brinkmann, Gundelfingen 

Germany.   

Brown, W.K. & Hamilton, B.L. 2006. Monitoring of bird and bat collisions with wind 

turbines at the Summerview Wind Power Project, Alberta. Terrestrial & Aquatic 

Environmetal Managers ltd. 

Bruggers RL, Jaeger MM, Keith JO, Hegdal PL, Bourassa JB, Latigo AA, Gillis JN (1989) 

Impact of fenthion on nontarget birds during quelea control in Kenya. Wildlife 

Society Bulletin, 17, 149-160. 

Brzezinski, M., G. Eliava, and M. Zmihorski. 2012. Road mortality of pond breeding 

amphibians during spring migrations in the Mazurian Lakeland, NE Poland. 

European Journal of Wildlife Research, 58, 685-693. 

Buler, J., K. Horton, and G. Shiver. 2013. Avian and Bat Assessment at the Lewes Wind 

Turbine University of Delaware College of Earth, Ocean and Environment.  



Bull LS, Fuller S & Sim D (2013) Post-construction avian mortality monitoring at Project 

West Wind. New Zealand Journal of Zoology, 40, 28-46. 

Bumann, G.B.& Stauffer,D.F. 2002: Scavenging of ruffed grouse in the Appalachians: 

influences and implications. Wildlife Society Bulletin, 30, 853-860. 

Burger, A.E., Fry, D.M., 1993. Effects of oil pollution on seabirds in the northeast Pacific. 

In: Vermeer, K., Briggs, K.T., Morgan, K.H., Siegel-Causey, D. (Eds.), The Status, 

Ecology and Conservation of Marine Birds of the North Pacific. Canadian Wildlife 

Service, Ottawa, pp. 254-263. 

Byrd GV, Reynolds JH, Flint PL (2009) Persistence rates and detection probabilities of bird 

carcasses on beaches of Unalaska Island, Alaska, following the wreck of the M/V 

Selendang Ayu. Marine Ornithology, 37, 197–204. 

Calabuig, C. P., and M. Ferrer. (2009) Análisis de la eficacia y la vida útil de la 

señalización anticolisión “salvapájaros” en líneas de transporte de energía 

eléctrica. REE, SAU, and CSIC, Seville. 

Camphuysen CJ, Heubeck M (2001) Marine oil pollution and beached bird surveys: the 

development of a sensitive monitoring instrument. Environmental Pollution, 112, 

443-461. 

Cardoso TR (2010) Tempo de permanencia de carcacas em rodovias: analise metodologica 

em ecologia de estradas. Undergraduate thesis. UFLA. Lavras. 

Cliplef DJ, Wobeser G. (1993) Observations on waterfowl carcasses during a botulism 

epizootic. Journal of Wildlife Diseases, 29, 8-14. 

Coba. (2009) Subestação de Vila Pouca de Aguiar 220 kV/60 kV e Linha Vila Pouca de 

Aguiar-Valdigem a 220 kV – Relatório Anual de Monitorização (2008/2009). Non-

published report (prepared for REN – Rede Eléctrica Nacional, S. A.), Lisboa. 



Coelho IP, Kindel A, Coelho AVP (2008) Roadkills of vertebrate species on two highways 

through the Atlantic Forest Biosphere Reserve, southern Brazil. European Journal 

of Wildlife Research, 54, 689-699. 

Colley, M. 2015. Eastern Massasauga rattlesnake: evaluating the effectiveness of mitigation 

structures at the population level. Master Thesis, Laurentian University of Sudbury. 

Collinson, W.J., D.M. Parker, R.T.F. Bernard, B.K. Reilly and H.T. Davies-Mostert 2014. 

Wildlife road traffic accidents: a standardized protocol for counting flattened fauna. 

Ecology and Evolution, 4, 3060-3071. 

Costa M, Alves P, Amorim F, Teixeira N, Silva B, Barreiro S, Vicente L (2011) Parque 

eólico do Alto Minho I. Subparque eólico de Bustavade-Mendoiro. Monitorização 

de quirópteros. Fase de exploração – Ano 1. 

Costantini D, Gustin M, Ferrarini A & Dell’Omo G (2016) Estimates of avian collision 

with power lines and carcass disappearance across differing environments. Animal 

Conservation, in press. 

Cryan PM, Gorresen PM, Hein CD, Schirmacher MR, Diehl RH, Huso MM, Hayman DTS, 

Frcker PD, Bonaccorso FH, JohnsonDH, Heist K, Dalton DC (2014) Behavior of 

bats at wind turbines. Proceeding of the National Academy of Sciences, 111, 15126–

15131. 

D'Amico, M., Román, J., de los Reyes, L. & Revilla, E. (2015) Vertebrate road-kill patterns 

in Mediterranean habitats: Who, when and where. Biological Conservation, 191, 

234-242. 

 

Dance KS (2011) Raptor Mortality and Behavior at Wind Turbines Along the North Shore 

of Lake Erie During Autumn Migration 2006-2007. Thesis, University of Waterloo, 

Ontario, Canada.  



DeGregorio BA, Hancock TE, Kurz DJ & Yue S. 2011. How quickly are road-killed snakes 

scavenged? Implications for underestimates of road mortality. Journal of North 

Carolina Academy of Science 127:184-188.  

Derby, C., A. Dahl, W. Erickson, K. Bay, and J. Hoban (2007) Post-Construction 

Monitoring Report for Avian and Bat Mortality at the NPPD Ainsworth Wind Farm. 

Unpublished report prepared by Western EcoSystems Technology, Inc. (WEST), 

Cheyenne, Wyoming, for the Nebraska Public Power District. 

DeVault, T.L. & Rhodes, O.E. (2002) Identification of vertebrate scavengers of small 

mammal carcasses in a forested landscape. Acta Theriologica, 47, 185–192. 

DeVault, T.L., Brisbin, L. & Rhodes, O.E. (2004) Factors influencing the acquisition of 

rodent carrion by vertebrate scavengers and decomposers. Canadian Journal of 

Zoology, 82, 502–509. 

Ecosativa (2009a) Monitorização de Vertebrados Voadores – Linha Sines-Portimão 3, a 

400 kV – Relatório Final. Non-published report (prepared for REN – Rede Eléctrica 

Nacional, S. A.), São Teotónio. 

Ecosativa (2009b) Monitorização de Vertebrados Voadores – Linha de Alta Tensão Tunes-

Estói, a 150 kV – Relatório Final. Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), São Teotónio. 

Ecosativa (2011) Monitorização de Vertebrados Voadores – Linha Batalha-Lavos, a 400 

kV – Relatório Final, Edição 2. Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), São Teotónio. 

Ecosativa (2013) Monitorização de Vertebrados Voadores – Linha Lares-Lavos, a 400 kV – 

Relatório Final, Edição 2. Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), São Teotónio. 



Ecossistema (2007) Linhas de Alta Tensão Alqueva-Ferreira do Alentejo e Ferreira do 

Alentejo-Sines 2, a 400 kV – Monitorização de impactes na avifauna. Non-published 

report (prepared for REN – Rede Eléctrica Nacional, S. A.), Linda-a-Velha. 

Ecossistema (2008a) Monitorização de Vertebrados Voadores na “Linha Batalha-Pego, a 

400 kV” – 2º Relatório Anual. Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), Linda-a-Velha. 

Ecossistema (2008b). Monitorização de Vertebrados Voadores na “Linha Bodiosa-

Paraimo, a 400 kV” – Relatório Anual. Non-published report (prepared for REN – 

Rede Eléctrica Nacional, S. A.), Linda-a-Velha. 

Enge, K.M. & Wood, K. (2002) A pedestrian road survey of an upland snake community in 

Florida. Southeastern Naturalist, 1, 365-380. 

Enk, T., K. Bay, M. Sonnenberg, J. Baker, M. Kesterke, J. Boehrs, and A. Palochak. (2010) 

Biglow Canyon Wind Farm Phase I post-construction avian and bat monitoring 

second annual report, Sherman County, Oregon. January 26, 2009 - December 11, 

2009. Prepared for Portland General Electric Company, Portland, Oregon. Prepared 

by Western EcoSystems Technology, Inc., Cheyenne, Wyoming, and Walla Walla, 

Washington. April 2010.  

Enk, T., K. Bay, M. Sonneberg, J. Flaig, JR. Boehrs, and A. Palochak. 2011. Year 1 Post-

Construction Avian and Bat Monitoring Report Biglow Canyon Wind Farm Phase 

II, Sherman County, Oregon September 10, 2009 – September 12, 2010. 

Enk, T., K. Bay, M. Sonnenberg, and J.R. Boehrs. 2012a. Draft Year 1 Avian and Bat 

Monitoring Report, Biglow Canyon Wind Farm - Phase III, Sherman County, 

Oregon, September 13, 2010 – September 9, 2011. 



Enk, T., K. Bay, M. Sonnenberg, and J.R. Boehrs. 2012b. Year 2 Post-Construction Avian 

and Bat Monitoring Report, Biglow Canyon Wind Farm Phase II, Sherman County, 

Oregon. September 13, 2010 – September 15, 2011. 

Erickson, W. P., G. D. Johnson, M. D. Strickland, and K. Kronner (2000) Final Report: 

avian and bat mortality associated with the Vansycle wind project, Umatilla County, 

Oregon 1999 study year. Report for Umatilla County Dept. Resource Services and 

Development. Western Ecosystems Technology, Inc., Cheyenne, Wyoming, USA.  

Erickson, W.P., B. Gritski, and K. Kronner (2003) Nine Canyon Wind Power Project Avian 

and Bat Monitoring Report, September 2002 – August 2003. Technical report 

submitted to Energy Northwest and the Nine Canyon Technical Advisory 

Committee. 

Erickson, W.P., J. Jeffrey, K. Kronner, and K. Bay (2004) Stateline Wind Project Wildlife 

Monitoring Final Report, July 2001 – December 2003. Technical report peer-

reviewed by and submitted to FPL Energy, the Oregon Energy Facility Siting 

Council, and the Stateline Technical Advisory Committee. 

Etterson MA (2013) Hidden Markov models for estimating animal mortality from 

anthropogenic hazards. Ecological Applications, 23, 1915-1925. 

Everaert, J. & Stienen, E.W.M. (2006) Impact of wind turbines on birds in Zeebrugge 

(Belgium). Significant effect on breeding tern colony due to collisions. Biodiversity 

and Conservation, 16, 3345–3359. 

Faanes, C.A. (1987) Bird Behavior and Mortality in Relation to Power Lines in Prairie 

Habitats. Report No. 7. United States Department of Interior, Fish and Wildlife 

Service, Washington, DC. 



Farfán MA, Duarte J, Fa JE, Real R, Vargas JM (2017) Testing for errors in estimating bird 

mortality rates at wind farms and power lines. Bird Conservation International, in 

press. 

Fensome AM, Mathews F (2016) Roads and bats: a meta-analysis and review of the 

evidence on vehicle collisions and barrier effects. Mammal Review, 46, 311-323. 

Ferrer, M., de la Riva, M. & Castroviejo, J. (1991) Electrocution of raptors on power lines 

in southwestern Spain. Journal of Field Ornithology, 62, 181–190. 

Ferrer, M de Lucas M, Janss GFE, Casado E, Muñoz AR, Bechard MJ, Calabuig CP (2012) 

Weak relationship between risk assessment studies and recorded mortality in wind 

farms. Journal of Applied Ecology, 49, 38–46. 

Fiedler, J. K. 2004. Assessment of bat mortality and activity at Buffalo Mountain 

Windfarm, eastern Tennessee. M.S. Thesis, University of Tennessee, Knoxville. 

Fiedler, J. K., T. H. Henry, C. P. Nicholson, and R. D. Tankersley. 2007. Results of bat and 

bird mortality monitoring at the expanded Buffalo Mountain windfarm, 2005. 

Tennessee Valley Authority, Knoxville, USA. 

Flint, P.L., Fowler, A.C., Rockwell, R.F., 1999. Modelling bird mortality associated with 

the MV Citrus oil spill off St. Paul Island, Alaska. Ecol. Modell. 117, 261–267. 

Flint, P.L., Lance, E.W., Sowl, K.M., Donnelly, T.F., 2010. Estimating carcass persistence 

and scavenging bias in a human-influenced landscape in western Alaska. J. Field 

Ornithol. 81 (2), 206–214. 

Ford, R. G., G. W. Page, and H. R. Carter. 1987. Estimating mortality of seabirds from oil 

spills. Pages. 547–551. in Oil spill conference proceedings. Publication 4452. 

American Petroleum Institute, Washington, D.C., USA. 



Ford, R.G., Himes Boor, G.K. & Ward, J.C. 2001. Seabird mortality resulting from the M/V 

New Carissa oil spill incident, February and March 1999 (Unpublished report). 

Portland, Oregon: US Fish and Wildlife Service. 47 pp., plus appendices. 

Ford, R.G., 2006. Using beached bird monitoring data for seabird damage assessment: the 

importance of search interval. Mar. Ornithol. 34, 91–98. 

Ford, R.G., Strom, N.A. & Casey, J.L. 2006. Acute seabird mortality resulting from the S.S. 

Luckenbach and associated mystery oil spills, 1990–2003 [unpublished report]. 

Sacramento, CA: California Department of Fish and Game, Office of Spill 

Prevention and Response. 

Ford, R.G., Zafonte, M.A., 2009. Scavenging of seabird carcasses at oil spill sites in 

California and Oregon. Mar. Ornithol. 37, 205–211. 

Fowler, A.C. & Flint, P.L. 1997. Persistence rates and detection probabilities of oiled King 

Eider carcasses on St. Paul Island, Alaska. Marine Pollution Bulletin 34: 522–526. 

Garrah, E., R.K. Danby, E. Eberhardt, G.M. Cunnington and S. Mitchell 2015. Hot spots 

and hot times: wildlife road mortality in a regional conservation corridor. 

Environmental Management 56: 874-889. 

Gehring J, Kerlinger P, Manville AM (2009) Communication towers, lights, and birds: 

successful methods of reducing the frequency of avian collisions. Ecological 

Applications 19: 505–514. 

Gerow, K., Kline, N.C., Swann, D.E., Pokorny, M., 2010. Estimating annual vertebrate 

mortality on roads at Saguaro National Park, Arizona. Human–Wildlife Interactions 

4(2):283–292. 

Good. R. E., M. Sonnenberg, and S. Simon, 2013. Bat Evaluation Monitoring Studies at the 

Fowler Ridge Wind Farm, Benton County, Indiana. Final Report: August 1 – 



October 15, 2012. Prepared for Fowler Ridge Wind Farm, Fowler, Indiana. Prepared 

by Western EcoSystems Technology, Inc. Bloomington, Indiana. 

Grodsky, S.M. & Drake, D. (2011) Bird and Bat Mortality at the Forward Energy Center in 

Southeastern Wisconsin. Final report prepared for Forward Energy LLC, Chicago, 

IL. 

Grodsky, S.M., Jennelle, C.S., Drake, D. & Virzi, T. (2012) Bat mortality at a wind-energy 

facility in southeastern Wisconsin. Wildlife Society Bulletin, 36, 773-783. 

Grodsky, S.M., Jennelle, C.S. & Drake, D. (2013) Bird mortality at a wind-energy facility 

near a wetland of international importance. Condor, 115, 700-711. 

Guinard, E., Julliard, R. & Barbraud, C. (2012) Motorways and bird traffic casualties: 

carcasses surveys and scavenging bias. Biological Conservation, 147, 40-51. 

Hager, S. B., B. J. Cosentino, and K. J. McKay. 2012. Scavenging affects persistence of 

avian carcasses resulting from window collisions in an urban landscape. Journal of 

Field Ornithology 83:203-211. 

Hein, C. D., J. Gruver, and E. B. Arnett (2013) Relating pre-construction bat activity and 

post-construction bat fatality to predict risk at wind energy facilities: a synthesis. A 

report submitted to the National Renewable Energy Laboratory. Bat Conservation 

International, Austin, TX, USA.  

Hels T, Buchwald E (2001) The effect of road kills on amphibian populations. Biol Conserv 

99: 331-340. 

Henrich M, Tietze DT, Wink M (2017) Scavenging of small bird carrion in southwestern 

Germany by beetles, birds and mammals. J Ornithol 158: 287-295. 

Heske, E.J. 2015. Blood on the tracks: track mortality and scavenging rate in urban nature 

preserves. Urban Naturalist 4: 1-13. 



Higgins, K.F., CD. Dieter, R.E. Usgaard. 1995. Monitoring of seasonal bird activity and 

mortality on unit 2 at the Buffalo Ridge windplant, Minnesota. San Francisco, CA: 

Kenetech, Inc. 

Homan HJ, Linz G, Peer BD (2001) Dogs increase recovery passerine carcasses in dense 

vegetation. Wildlife Society Bulletin 29: 292-296. 

Hötker, H., Thomsen, K.-M. & Köster, H. (2006) Impacts on biodiversity of exploitation of 

renewable energy sources: the example of birds and bats – facts, gaps in knowledge, 

demands for further research, and ornithological guidelines for the development of 

renewable energy exploitation. Michael-Otto-Institut im NABU, Endbericht, 

Germany. 

Howe R, Atwater R (1999) The potential effects of wind power facilities on resident and 

migratory birds in Eastern Wisconsin. Unpubl. Report to Wisconsin Department of 

Natural Resources, Monona, USA. 

Howe, R.W., W. Evans, and A.T. Wolf (2002) Effects of wind turbines on birds and bats in 

northeastern Wisconsin. Report to Wisconsin Public Service Corporation and 

Madison Gas and Electric Company. 

Howell, J.A. 1997. Bird mortality at rotor swept area equivalents, Altamont Pass and 

Montezuma Hills, California. Transactions of the Western Section of The Wildlife 

Society 33:24-29. 

Howell, J. A., and J. E. Didonato. (1991) Assessment of avian use and mortality related to 

wind turbine operations, Altamont Pass, Alameda and Contra Costa Counties, 

California, September 1998 through August 1989. Final report submitted to U.S. 

Windpower, Livermore, California, USA. 

Homan, H. J., G. M. Linz, and B. D. Peer. 2001. Dogs enhance recovery of passerine 

carcasses in dense vegetation. Wildl. Soc. Bull. 29: 292-296. 



Hubbard, K. A., and A. D. Chalfoun 2012. An experimental evaluation of potential 

scavenger effects on snake road mortality detections. Herpetological Conservation 

and Biology 7:150–156. 

Hull CL, Muir S 2010. Search areas for monitoring bird and bat carcasses at wind farms 

using a Monte Carlo model. Australasian Journal of Environmental Management 17: 

77-87. 

Hull C, Bennett E, Stark E, Smales I, Lau J, Venosta M (eds) (2015) Wind and Wildlife. 

Proceedings from the conference on wind energy and wildlife impacts, October 

2012, Melbourne, Australia. Springer. 

Hunt G. 1999. A Population Study of Golden Eagles in the Altamont Pass Wind Resource 

Area. National Renewable Energy Laboratory (NREL), Santa Cruz, California. 

Huso, M. 2011. An estimator of wildlife fatality from observed carcasses. Environmetrics 

22: 318–329. 

Huso, M. M. P., and D. H. Dalthorp. 2014. Accounting for unsearched areas in estimating 

wind turbine-caused fatality. Journal of Wildlife Management 78:347–358. 

Huso, M., D. Dalthorp, D. Dail, and L. Madsen. 2015. Estimating windturbine-caused bird 

and bat fatality when zero carcasses are observed. Ecological Applications 25:1213–

1225. 

Huso, M., Dalthorp, D., Miller, T.J., Bruns, D., 2016. Wind energy development: methods 

to assess bird and bat fatality rates post-construction. Hum.Wildl. Interact. 10, 62–

70. 

ICF Jones & Stokes. 2009. Altamont Pass Wind Resource Area 48-Hour Search Interval 

Bird Fatality Study. Draft. June. (ICF J&S 00904.08.) Sacramento, CA. Prepared 

for: Altamont County Community Development Agency, Hayward, CA. 



ICF International. 2010. Altamont Pass Wind Resource Area Bird Fatality Study, 

December. (ICF 00904.08.) Sacramento, CA. Prepared for Alameda County 

Community Development Agency, Hayward, CA. 

ICF International. 2015. Altamont Pass Wind Resource Area Bird Fatality Study, 

Monitoring Years 2005–2013. December. M107. (ICF 00904.08.) Sacramento, CA. 

Prepared for Alameda County Community Development Agency, Hayward, CA. 

Infante, S. (Coord). 2011. Estudo de avaliação da eficácia de dispositivos anti colisão - 

Relatório Final - REN e Quercus. Non-published report, Castelo Branco.  

Jain, A. A. 2005. Bird and bat behavior and mortality at a northern Iowa wind farm. Thesis. 

Iowa State University, Ames, Iowa, USA. 

Jain, A., P. Kerlinger, R. Curry, and L. Slobodnik. 2007. Annual report for the Maple Ridge 

wind power project post-construction bird and bat fatality study – 2006. Annual 

report prepared for PPM Energy and Horizon Energy, Curry and Kerlinger LLC, 

Cape May Point, New Jersey, USA. 

Jain, A., P. Kerlinger, R. Curry, and L. Slobodnik. 2009a. Annual report for the Maple 

Ridge wind power project post-construction bird and bat fatality study – 2008. 

Annual report prepared for PPM Energy and Horizon Energy, Curry and Kerlinger 

LLC, Cape May Point, New Jersey, USA. 

Jain, A., P. Kerlinger, R. Curry, L. Slobodnik, J. Quant, and D. Pursell. 2009b. Annual 

report for the Noble Bliss Windpark, LLC, Post-construction bird and bat fatality 

study - 2008. Prepared for Noble Environmental Power, LLC by Curry and 

Kerlinger, LLC. April 13, 2009. 

James, B. W. & Haak, B. A. (1979). Factors affecting avian flight behavior and collision 

mortality at transmission lines. Western Interstate Commission for Higher 

Education-Bonneville Power Administration, Boulder, Colorado. 



James, R. D. 2002. Pickering Wind Turbine, Bird monitoring program in 2002. Report to 

Ontario Power Generation, December 2002. 

James, R. D. 2003. Bird Observations at the Pickering Wind Turbine. Ontario Birds 21: 84-

97. Sunderland, Ontario, Canada. 

James, R . D. and G. Coady (2003) Bird monitoring at Toronto's Exhibition Place wind 

turbine. Ontario Birds 22:79-88. 

Jeffrey, J. D., K. Bay, W. P. Erickson, M. Sonneberg, J. Baker, M. Kesterke, J. Boehrs, and 

A. Palochak (2009) Portland General Electric Biglow Canyon Wind Farm Phase I 

post-construction avian and bat monitoring first annual report, Sherman County, 

Oregon. January 2008 - December 2008. Technical report prepared for Portland 

General Electric Company, Portland, Oregon. Prepared by Western EcoSystems 

Technology, Inc, Cheyenne, Wyoming, and Walla Walla, Washington, USA. April 

29, 2009. 

Johnson, G.D., Erickson, W.P., Strickland, M.D., Shepherd, M.F., and Shepherd, D.A. 

(2000) Final report: avian monitoring studies at the Buffalo Ridge, Minnesota wind 

resource area: results of a 4-year study. Western Ecosysems Technology Inc., 

Cheyenne, Wyo. 

Johnson, G. D., W. P. Erickson, M. D. Strickland, M. F. Shepherd, D. A. Shepherd, and S. 

A. Sarappo (2002) Collision mortality of local and migrant birds at a large-scale 

wind-power development on Buffalo Ridge, Minnesota. Wildlife Society Bulletin 

30:879–887. 

Johnson, G. D., W. P. Erickson, M. D. Strickland, M. F. Sheperd, D. A. Sheperd, and S. A. 

Sarappo. 2003a. Mortality of bats at a large-scale wind power development at 

Buffalo Ridge, Minnesota. American Midland Naturalist 150:332–342. 



Johnson, G., Erickson, W., White, J., and McKinney, R. 2003b. Avian and bat mortality 

during the first year of operation at the Klondike phase I wind project, Sherman 

County, Oregon. Western Ecosystems Technology, Inc., Cheyenne, Wyoming. 

Johnson, G. D., M. K. Perlik, W. P. Erickson, M. D. Strickland, D. A. Shepherd, and P. 

Sutherland, Jr. 2003c. Bat interactions with wind turbines at the Buffalo Ridge, 

Minnesota Wind Resource Area: An assessment of bat activity, species 

composition, and collision mortality. Electric Power Research Institute, Palo Alto, 

California, and Xcel Energy, Minneapolis, Minnesota. EPRI report # 1009178. 

Johnson, G. D., M. K. Perlik, W. P. Erickson, and M. D. Strickland. 2004. Bat activity, 

composition and collision mortality at a large wind plant in Minnesota. Wildlife 

Society Bulletin 32:1278–1288. 

Johnston, D. S., J. A. Howell, S. B. Terrill, N. Thorngate, J. Castle, J. P. Smith, T. J. 

Mabee, J. H. Plissner, N. A. Schwab, P. M. Sanzenbacher, and C. M. Grinnell. 

2013. Bird and bat movement patterns and mortality at the Montezuma Hills Wind 

Resource Area. Publication number CEC-500-2013-015. California Energy 

Commission, Sacramento, USA. 

Kerlinger, P., R. Curry, and R. Ryder (2000) Ponnequin wind energy project avian studies, 

Weld County, Colorado: Summary of activities during 2000. National Renewable 

Energy Laboratory, NREL/SR-500–27546, Golden, Colorado, USA. 

Kerlinger, P. (2002) An assessment of the impacts of Green Mountain Power Corporation’s 

wind power facility on breeding and migrating birds in Searsburg, Vermont. 

National Renewable Energy Laboratory SR-500-28591, Golden, Colorado, USA.  

Kerlinger, P., L. Culp, and R. Curry (2005) Year one report:  post-construction avian 

monitoring study for the High Winds Wind Power Project Solano County, 



California.  Report to High Winds, LLC and FPL Energy. Birds Landing, California, 

USA. 

Kerlinger, P., Curry, R., Culp, L., Jain, A., Wilkerson, C., Fischer, B., and Hasch, A (2006) 

Post-construction avian and bat fatality monitoring study for the High Winds wind 

power project Solano County, California: two year report. Curry and Kerlinger, 

McLean, Virginia, USA. 

Kerlinger P, R. Curry, L. Culp, A. Hasch, and J. Guarnaccia (2007) Migratory bird and bat 

study at the Crescent Ridge Wind Power Project, Bureau County, Illinois: 

September 2005 – August 2006. Final Draft prepared for Orrick, Herrington, & 

Sutcliffe, LLP. Curry and Kerlinger, LLC, McLean, Virginia, USA.  

Kerlinger P, R. and J. Guarnaccia (2008) Phase I avian risk assessment. Mount Wachusett 

community college wind energy project. Worcester country, Massachusetts. 

Technical report. 

Kerlinger, P., Gehring, J.L., Erickson, W.P., Curry, R., Jain, A., Guarnaccia, J., (2010) 

Night migrant fatalities and obstruction lighting at wind turbines in North America. 

Wilson J. Ornithol. 122, 744–754.  

Kerns, J, and P. Kerlinger. 2004. A study of bird and bat collision fatalities at the 

Mountaineer Wind Energy Center, Tucker County, West Virginia. Annual report for 

2003. Curry and Kerlinger, LLC, McLean, Virginia, USA.  

Kerns J, Erickson WP, Arnnet BA. 2005. Bat and bird fatality at wind energy facilities in 

Pennsylvania and West Virginia. Pages 24–95 in E. B. Arnett, technical editor, 

Relationships between bats and wind turbines in Pennsylvania and West Virginia: 

an assessment of bat fatality search protocols, patterns of fatality, and behavioral 

interactions with wind turbines. A final report submitted to the Bats and Wind 

Energy Cooperative. Bat Conservation International. Austin, Texas, USA. 



Koford R, Jain A, Zenner G, Hancock A (2004) Avian mortality associated with the Top of 

Iowa wind farm. Progress Report. Calendar Year 2003. 

Korner-Nievergelt, F., Korner-Nievergelt, P., Behr, O., Niermann, I., Brinkmann, R., & 

Hellriegel, B. (2011). A new method to determine bird and bat fatality at wind 

energy turbines from carcass searches. Wildl. Biol., 17, 350-363. 

Korner-Nievergelt, F., R. Brinkmann, I. Niermann & O. Behr, 2013. Estimating bat and 

bird mortality occurring at wind energy turbines from covariates and carcass 

searches using mixture models. Plos ONE 8(7): e67997. 

Korner-Nievergelt, F., O. Behr, R. Brinkmann, M. A. Etterson, M. Huso, D. H. Dalthorp, P. 

Korner-Nievergelt, T. Roth, and I. Niermann. 2015. Mortality estimation from 

carcass searches using the R-package carcass – a tutorial. Wildlife Biology 21:30–

43. 

Kostecke, R.M., Linz, G.M., and Bleier, W.J. 2001. Survival of avian carcasses and 

photographic evidence of predators and scavengers. J. Field Ornithol. 72: 439–447. 

Kummer, J. A., C. J. Nordell, T. M. Berry, C. V. Collins, C. R. L. Tse, and E. M. Bayne. 

(2016) Use of bird carcass removals by urban scavengers to adjust bird-window 

collision estimates. Avian Conservation and Ecology 11(2): 12. 

Kunz, T.H., Arnett, E.B., Erikson, W.P., Hoar, A.R., Johnson, G.D., Larkin, R.P. et al. 

(2007) Ecological impacts of wind energy development on bats: questions, research 

needs, and hypotheses. Frontiers in Ecology and the Environment, 5, 315-324. 

Kunz T, Arnett E, Cooper B, Erickson W, Larkin R, Mabee T, Morrison M, Strickland M, 

Szewczac J (2007b) Assessing impacts of wind-energy development on nocturnally 

active birds and bats: a guidance document. J Wildl Manag 71:2449–2486. 



Labrosse, A. (2008). Determining factors affecting carcass removal and searching 

efficiency during the post-construction monitoring of wind farms. Master Thesis, 

University of Ottawa. 

Langen, T. A., A. Machniak, E. K. Crowe, C. Mangan, D. F. Marker, N. Liddle, and B. 

Roden (2007) Methodologies for surveying herpetofauna mortality on rural 

highways. Journal of Wildlife Management 71:1361–1368. 

Lehman, R. N., P. L. Kennedy, and J. A. Savidge (2007) The state of the art in raptor 

electrocution research: a global review. Biological Conservation 135:459–474. 

Lekuona J (2001) Uso del espacio por la avifauna y control de la mortalidad de aves y 

murciélagos en los parques eólicos de Navarra durante un ciclo anual. Informe 

Técnico. Dirección General de Medio Ambiente. Departamento de Medio 

Ambiente, Ordenación del Territorio y Vivienda. Gobierno de Navarra. 

Linz, G.M., Davis JE Jr, Engeman RM, Otis DL,  Avery ML (1991) Estimating survival of 

bird carcasses in cattail marshes. Wildl. Soc. Bull., 19:195-199. 

Linz, G. M., D. L. Bergman, and W. J. Bleier (1997) Estimating survival of songbird 

carcasses in crops and woodlots. Prairie Nat 29:7–13.  

Loss SR, Will T, Marra PP (2014) Refining Estimates of Bird Collision and Electrocution 

Mortality at Power Lines in the United States. PLoS ONE 9(7): e101565. 

de Lucas, M., Janss, G.F.E. & Ferrer, M. (2004) The effects of a wind farm on birds in a 

migration point: the Strait of Gibraltar. Biodiversity and Conservation, 13, 395–407. 

de Lucas, M., Janss, G.F.E. & Ferrer , M. (2005) A bird and small mammal BACI and IG 

design studies in a wind farm in Malpica (Spain). Biodiversity and Conservation, 

14, 3289–3303. 



de Lucas, M., Janss, G.F.E., Whitfield, D.P. & Ferrer, M. (2008) Collision fatality of 

raptors in wind farms does not depend on raptor abundance. Journal of Applied 

Ecology, 45, 1695–1703. 

Lynn J, Auberle W (2009) Guidelines for Assessing the Potential Impacts to Birds and Bats 

from Wind Energy Development in Northern Arizona and the Southern Colorado 

Plateau. The Ecological Monitoring & Assessment Program. Northern Arizona 

University.  

Madrigal, J.L., Pixton, G.C., Collings, B.J., Booth, G.M., Smith, H.D., (1996) A 

comparison of two methods of estimating bird mortalities from field-applied 

pesticides. Environ. Toxicol. Chem. 15 (6), 878–885. 

Malt, J. and R.P. Bio (2012) Assessing the effectiveness of amphibian mitigation on the Sea 

to Sky Highway: population-level effects and best management practices for 

minimizing highway impacts. 33 pp. British Columbia Ministry of Forests, Lands, 

and Natural Resource Operations, South Coast Region. 

Marques, A.T., Rocha, P. & J.P. Silva 2007. Monitorização dos Efeitos da Linha de Muito 

Alta Tensão Ferreira do Alentejo - Ourique sobre Espécies Prioritárias, Mortalidade 

e Taxas de Voo. Instituto para a Conservação da Natureza. Non-published report, 

Lisboa.  

Marques, A.T., Batalha, H., Rodrigues, S., Costa, H., Pereira, M.J.R., Fonseca, C. et al. 

(2014) Understanding bird collisions at wind farms: an updated review on the 

causes and possible mitigation strategies. Biological Conservation, 179, 40-52. 

Machtans, C. S., C. H. R. Wedeles, and E. M. Bayne. 2013. A first estimate for Canada of 

the number of birds killed by colliding with building windows. Avian Conservation 

and Ecology 8(2):6. 



Mathews, F., M. Swindells, R. Goodhead, T. A. August, P. Hardman, D. M. Linton, and D. 

J. Hosken. 2013. Effectiveness of search dogs compared with human observers in 

locating bat carcasses at windturbine sites: a blinded randomized trial. Wildlife 

Society Bulletin 37: 34–40. 

McGrary, M. D., McKernan, R. L., Schreiber, R. W., Wagner, W. D. & Sciarrotta, T. C. 

1986. Avian mortality at a solar energy power plant. Journal of Field Ornithology, 

57: 135-141. 

Miller, A., 2008. Patterns of avian and bat mortality at a utility scaled wind farm on the 

southern high plains. Master Degree Dissertation, Texas Tech University. 

Mineau P (2002) Estimating the probability of bird mortality from pesticide sprays on the 

basis of the field study record. Environmental Toxicology and Chemistry 21: 1497-

1506. 

Minderman J, Fuentes-Montemayor E, Pearce-Higgins JW, Pendlebury CJ, Park KJ. (2015) 

Estimates and correlates of bird and bat mortality at small wind turbine sites. 

Biodivers Conserv 24: 467–482. 

Morrison, M. 2002. Searcher bias and scavenging rates in bird/wind energy strudies. Rep. 

No. NREL/SR-500-30876, National Renewable Energy Laboratory, Golden, 

Colorado. 

Murphy RK, Mojica EK, Dwyer JF, McPherron MM, Wright GD, Harness RE, Pandey AK,  

Serbousek KL (2016) Crippling and nocturnal biases in a study of sandhill crane 

(Grus canadensis) collisions with a transmission line. Waterbirds 39(3):312-317. 

Neves, J., Infante, S., & J. Ministro. 2005. Estudo sobre o Impacto das Linhas Eléctricas de 

Muito Alta Tensão na Avifauna em Portugal. SPEA - Sociedade Portuguesa para o 

Estudo das Aves e Quercus - Associação Nacional de Conservação da Natureza. 

Non-published report, Castelo Branco. 



Nicholson, C. P., R. D. Tankersley, J. K. Fiedler, and N. S. Nicholas. 2005. Assessment and 

prediction of bird and bat mortality at wind energy facilities in the southeastern 

United States, Final Report (Draft). Tennessee Valley Authority, Knoxville. 

Orloff, S., and A. Flannery (1992) Wind turbine effects on avian activity, habitat use, and 

mortality in Altamont Pass and Solano County Wind Resource Areas, 1989–1991. 

California Energy Commission, Sacramento, California, USA. 

Osborn, R. G., K. F. Higgins, R. E. Usgaard, C. D. Dieter, and R. D. Neiger (2000) Bird 

mortality associated with wind turbines at the Buffalo Ridge Wind Resource Area, 

Minnesota. American Midland Naturalist 143:41–52. 

Page, G. W., H. R. Carte r and R. G. Ford . (1990) Numbers of seabirds killed or debilitated 

in the 1986 Apex Houston oil spill in central California. Studies in Avian Biology 

14: 164-174. 

Pain, D. J. 1991. Why are lead-poisoned waterfowl rarely seen? The disappearance of 

waterfowl carcasses in the Camergue, France. Wildfowl 42:118–122. 

Paula, J., Leal, M.C., Silva, M.J., Mascarenhas, R., Costa, H. & Mascarenhas, M. (2011) 

Dogs as a tool to improve bird-strike mortality estimates at wind farms. Journal of 

Nature Conservation, 19, 202-208. 

Paula JJS, Bispo RMB, Leite AH, Pereira PGS, Costa HMRG, Fonseca CMMS, 

Mascarenhas MRT, Bernardino JLV (2015) Camera-trapping as a methodology to 

assess the persistence of wildlife carcasses resulting from collisions with human-

made structures. Wildlife Research 41(8):717-725. 

Peron, G., Hines, J.E., Nichols, J.D., Kendall, W.L., Peters, K.A. & Mizrahi, D.S. (2013) 

Estimation of bird and bat mortality at wind-power farms with superpopulation 

models. Journal of Applied Ecology, 50, 902–911.  

https://doi.org/10.1071%2FWR14063
https://doi.org/10.1071%2FWR14063
https://doi.org/10.1071%2FWR14063


Peters, K. A., D. S. Mizrahi, and M. C. Allen. 2014. Empirical evidence for factors 

affecting searcher efficiency and scavenging rates at a coastal, terrestrial, wind-

power facility. Journal of Fish and Wildlife Management 5:330–339. 

Peterson, C.A., Lee, S.L., and Elliott, J.E. 2001. Scavenging of waterfowl carcasses by 

birds in agricultural fields of British Columbia. J. Field Ornithol. 72: 150–159. 

Philibert, H., G. Wobeser, and R. G. Clark. 1993. Counting dead birds: examination of 

methods. Journal of Wildlife Diseases 29:284–289. 

Piorkowski, M. D. 2006. Breeding bird habitat use and turbine collisions of birds and bats 

located at a wind farm in Oklahoma mixed-grass prairie. Thesis, Oklahoma State 

University, Stillwater, USA. 

Piorkowski,M. D., and T. J. O’Connell (2010) Spatial pattern of summer bat mortality from 

collisions with wind turbines in mixed-grass prarie. American Midland Naturalist 

164:260–269. 

PNA WPPM-ITr. (2000) Proceedings of National Avian - Wind Power Planning Meeting 

ill, San Diego, California, May 1998. Prepared for the Avian Subcommittee of the 

National Wind Coordinating Committee by LGL Ltd., King City, Ontario. 202 p. 

Ponce, C., J. C. Alonso, G. Argandoña, A. García Fernández, and M. Carrasco (2010) 

Carcass removal by scavengers and search accuracy affect bird mortality estimates 

at power lines. Animal Conservation 13:603–612. 

Procesl. 2006. Ramal de Transporte de Energia da Linha Pereiros-Zêzere (L2151), a 220 

kV – Relatório Final de Monitorização da Avifauna. Non-published report (prepared 

for REN – Rede Eléctrica Nacional, S. A.), Sintra. 

Procesl. 2007a. Ramal de Transporte de Energia da Linha Vila Nova-Riba D’Ave para a 

Subestação de Oleiros, a 150 kV – Relatório Final de Monitorização (2005-2006). 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), Sintra. 



Procesl. 2007b. Ramal de Transporte de Energia da Linha Caniçada-Riba d’Ave 1 para o 

Posto de Corte de Venda Nova 2 (L1617), a 150 kV – Relatório Final de 

Monitorização (2005-2006). Non-published report (prepared for REN – Rede 

Eléctrica Nacional, S. A.), Sintra. 

Procesl. 2010. Linha de Transporte de Energia Alqueva-Brovales, a 400 kV – Relatório 

Final de Monitorização e Medidas Compensatórias Dirigidas ao Grou e ao Sisão. 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), 

Alfragide. 

Procesl. 2012. Linha Falagueira-Estremoz, a 400 kV – Monitorização de Vertebrados 

Voadores – Relatório Final (Maio de 2010 a Abril de 2012). Non-published report 

(prepared for REN – Rede Eléctrica Nacional, S. A.), Alfragide.  

Procesl. 2013a. Monitorização de Avifauna e Quirópteros na Linha Macedo de Cavaleiros-

Valpaços a 220 (400) kV – Relatório Anual, Primavera 2012 / Inverno 2012-2013. 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), 

Alfragide. 

Procesl. 2013b. Monitorização de Avifauna e Quirópteros no Ramal da Linha Lares-Lavos 

1, a 400 kV, para a subestação de Paraimo – Relatório Anual, Outono 2012 / Verão 

2013. Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), 

Alfragide. 

Procesl. 2013c. Monitorização Ambiental da Linha Penela-Tábua, a 220 kV – Relatório 

Final (Inverno 2011/2012 - Primavera 2013, 2º e 3º Anos em Fase de Exploração). 

Non-published report (prepared for REN – Rede Eléctrica Nacional, S. A.), 

Alfragide. 



Procesl. 2015. Ramal da Linha Palmela-Sines 3, a 400 kV, para Fanhões – Monitorização 

de Avifauna e Quirópteros – Relatório Final, 2013/2015. Non-published report 

(prepared for REN – Rede Eléctrica Nacional, S. A.), Alfragide. 

Prosser P, Nattrass C, Prosser C. (2008) Rate of removal of bird carcasses in arable 

farmland by predators and scavengers. Ecotoxicology and Environmental Safety 71: 

601-608.  

Ragg, R.J., Mackintosh, C.G., Moller, H., 2000. The scavenging behaviour of ferrets 

(Mustela furo), feral cats (Felis domesticus), hedgehogs (Erinaceus europaeus) and 

harrier hawks (Circus approximans) on pastoral farmland in New Zealand: 

implications for bovine tuberculosis transmission. New Zealand Vet. J. 48, 166–175. 

Ratton P, Secco H, Alves da Rosa C (2014) Carcass permanency time and its implications 

to the roadkill data. Eur J Wildl Res 60: 543-546. 

Reyes, G.A., Rodríguez, M.J., Lindke, K.T., Ayres, K.L., Halterman, M.D., Boroski, B.B. 

et al. (2016) Searcher efficiency and survey coverage affect precision of fatality 

estimates. Journal of Wildlife Management, 80, 1488-1496. 

Rivera-Milan, F.F., Zaccagnini, M.E., Canavelli, S.B., 2004. Field trials of line-transect 

surveys of bird carcasses in agroecosystems of Argentina’s Pampas region. Wildlife 

Society Bulletin 32, 1219–1228. 

Rogers, A. M., M. R. Gibson, T. Pockette, J. L. Alexander and J. F. Dwyer (2014) 

Scavenging of migratory bird carcasses in the Sonoran Desert. Southwestern 

Naturalist 59: 542-547. 

Rosene, W. and D. W. Lay (1963) Disappearance and visibility of quail remains. J. Wildl. 

Manage 27:139–142. 

Ross JD, Coady G (2013) Exhibition Place Wind Turbine Report on Bird Monitoring in 

2003. Toronto Hydro Energy Services Inc. 



Ruiz-Capillas P, Mata C, Malo JE (2015) How many rodents die on the road? Biological 

and methodological implications from a small mammals’ roadkill assessment on a 

Spanish motorway. Ecol Res. 30: 417–427. 

Rydell J, Bach L, Dubourg-Savage M-J, Green M, Rodrigues L, Hedenström A (2010) Bat 

Mortality at Wind Turbines in Northwestern Europe. Acta Chiropterologica, 12(2): 

261-274. 

Santos M , Bastos R, Ferreira D, Santos A, Barros P, Travassos P, Carvalho D, Gomes D, 

Vale-Gonçalves HV, Braz L, Morinha F, Paiva-Cardoso MN, Hughes SJ, Cabral JA 

(2017) A spatial explicit agent based model approach to evaluate the performance of 

different monitoring options for mortality estimates in the scope of onshore 

windfarm impact assessments. Ecological Indicators 73: 254–263. 

Santos, S. M., F. Carvalho, and A. Mira. (2011) How long do the dead survive on the road? 

Carcass persistence probability and implications for road-kill monitoring surveys. 

PLoS ONE 6:e25383. 

Santos, S. M., Marques, J. T., Lourenço, A., Medinas, D., Barbosa, A. M., Beja, P., Mira A 

(2015). Sampling effects on the identification of roadkill hotspots: implications for 

survey design. Journal of Environmental Management, 162, 87–95. 

Santos RAL, Santos SM, Santos-Reis M, Picanço de Figueiredo A, Bager A, Aguiar LMS, 

Ascensão F (2016) Carcass persistence and detectability: reducing the uncertainty 

surrounding wildlife-vehicle collision surveys. PLoS ONE 11(11): e0165608. 

Savereno, A. J., Savereno, L. A., Boettcher, R. & Haig, S. M., 1996. Avian behavior and 

mortality at power lines in coastal South Carolina. Wildl. Soc. Bull., 24: 636–648. 

Schmidt, E., A. J. Piaggio, C. E. Bock, and D. M. Armstrong (2003) National Wind 

Technology Center site environmental assessment: bird and bat use and facilities—



final report. National Renewable Energy Laboratory, NREL/SR-500-32981, Golden, 

Colorado, USA. 

Schutgens, M., Shaw, J.M. & Ryan, P.G. (2014). Estimating scavenger and search bias for 

collision fatality surveys of large birds on power lines in the Karoo, South Africa. 

Ostrich, 85, 39–45. 

Scott, R. E., Roberts, L. J. & Cadbury, C. J. (1972) Bird deaths from power lines at 

Dungeness. British Birds, 65: 273–286. 

Selva, N., Jedrzejewska, B., Jedrzejewski, W. & Wajrak, A. (2005) Factors affecting 

carcass use by a guild of scavengers in European temperate woodland. Canadian 

Journal of Zoology, 83, 1590–1601. 

Seys, J.; Offringa, H.; Van Waeyenberge, J.; Meire, P.; Kuijken, E. (2001). Numbers of 

beached bird corpses and mortality of seabirds, how do they relate: a North Sea 

study in a wider context, in: Seys, J. Het gebruik van zee- en kustvogelgegevens ter 

ondersteuning van het beleid en beheer van de Belgische kustwateren. pp. 78-96. 

Shaw JM, van der Merwe R, van der Merwe E, Ryan PG (2015) Winter scavenging rates 

under power lines in the Karoo, South Africa. African Journal of Wildlife Research 

45(1): 122–126. 

Simonetti J. A., Yanez J. L. and Fuentes E. R. 1984. Efficiency of rodent scavengers in 

central Chile. Mammalia 48: 608–609. 

Skórka P (2016) The detectability and persistence of road-killed butterflies: An 

experimental study. Biological Conservation 200: 36–43. 

Slater FM (2002) An assessment of wildlife road casualties–the potential discrepancy 

between numbers counted and numbers killed. Web Ecology 3 (1), 33-42. 

http://scholar.google.co.uk/citations?view_op=view_citation&hl=en&user=-tH265MAAAAJ&citation_for_view=-tH265MAAAAJ:9ZlFYXVOiuMC
http://scholar.google.co.uk/citations?view_op=view_citation&hl=en&user=-tH265MAAAAJ&citation_for_view=-tH265MAAAAJ:9ZlFYXVOiuMC


Smallwood, K. S., and C. Thelander. 2005. Bird mortality at the Altamont Pass Wind 

Resource Area, March 1998–September 2001 Final Report. National Renewable 

Energy Laboratory, NREL/SR-500–36973, Golden, Colorado, USA. 

Smallwood KS (2007) Estimating wind turbine-caused bird mortality. Journal of Wildlife 

Management 71: 2781–2791. 

Smallwood KS, Thelander C (2008) Bird Mortality in the Altamont Pass Wind Resource 

Area, California. Journal of Wildlife Management 72(1):215–223. 

Smallwood KS, Bell DA, Snyder SA, DiDonato JE (2010) Novel scavenger removal trials 

increase wind turbine-caused avian fatality estimates. Journal of Wildlife 

Management 74: 1089–1097. 

Smallwood, K. S. (2013) Comparing bird and bat fatality-rate estimates among North 

American wind-energy projects. Wildlife Society Bulletin 37:19–33. 

Stantec Consulting, Inc. (2009) Post-Construction Monitoring at the Mars Hill Wind Farm, 

Maine - Year 2, 2008. Prepared for First Wind Management, LLC, Portland, Maine. 

Prepared by Stantec Consulting, Topsham, Maine. January 2009. 

Stevens, B. S., K. P. Reese, and J. W. Connelly (2011) Survival and detectability bias of 

avian fence collision surveys in sagebrush steppe. Journal of Wildlife Management 

75:437–449. 

Stevens, B.S., Dennis, B. (2013) Wildlife mortality from infrastructure collisions: statistical 

modeling of count data from carcass surveys. Ecology 94, 2087–2096. 

Stewart PA (1971) Persistence of remains of birds killed on motor highways. Wilson Bull 

83: 203-204. 

Strickland, M. Dale, Johnson, Gregory D., and Erickson, Wallace P. (1998) Avian use, 

Flight Behavior and Mortality on the Buffalo Ridge, Minnesota Wind Resource 



Area. Paper presented at the San Diego National Avian Wind Power Interaction 

Workshop III. May 27-29, 1998.  

Strickland, M.D., Arnett, E.B., Erickson, W.P., Johnson, D.H., Johnson, G.D., Morrison, 

M.L. et al. (2011) Comprehensive Guide to Studying Wind Energy/Wildlife. 

Interactions. National Wind Coordinating Collaborative, Washington, D.C., USA. 

Sundar KG, Choudhury BC (2005) Mortality of sarus cranes (Grus antigone) due to 

electricity wires in Uttar Pradesh, India. Environ Conserv 32: 260–269. 

Sullivan, D. (1988). Determination of the environmental fate of ground squirrel carcasses. 

Proc. Vertebr. Pest Conf., 13: 169-173. 

Taylor BD, Goldingay RL (2004) Wildlife road-kills on three major roads in north-eastern 

New South Wales. Wildl Res 31:83–91 

Teixeira, F.Z. 2010. Detectabilidade da Fauna Atropelada: efeito do método de amostragem 

e da remoção das carcaças. Monografia de bacharelado. Universidade Federal do 

Rio Grande do Sul. 

Teixeira, F.Z. 2011. Fauna atropelada: estimativas de mortalidade e identificação de zonas 

de agregação. Dissertação de Mestrado. Universidade Federal do Rio Grande do Sul. 

Teixeira, F. Z., A. V. P. Coelho, I. B. Esperandio, and A. Kindel. 2013. Vertebrate road 

mortality estimates: effects of sampling methods and carcass removal. Biological 

Conservation 157:317–323. 

Thelander, C.G., K.S. Smallwood, and L. Rugge (2003) Bird risk behaviors and fatalities at 

the Altamont Pass Wind Resource Area. BioResource Consultants. Pp. 87. 

Thelander CG, Rugge L (2000) Avian risk behavior and fatalities at the Altamont Wind 

Resource Area. BioResource Consultants. Pp. 28. 



Tidhar D, Nomani S, Erickson W (2011) Post- Construction Bat and Bird Multi-Year 

Fatality Estimate Comparison ACUA Wind Resource Area Atlantic County, New 

Jersey. Bluarc Management Group, Atlantic County Utilities Authority. 

Tidhar D, Sonnenberg M, Young D (2013) 2012 Post-construction Carcass Monitoring 

Study for the Beech Ridge Wind Farm Greenbrier County, West Virginia. Final 

report. Beech Ridge Wind Farm, Beech Ridge Energy, LLC. 

Tierney, R. 2009. Buffalo Gap 2 Wind Farm Avian Mortality Study: July 2007 – December 

2008 Final Study Report. Prepared for Buffalo Gap Wind Farm 2 LLC. TRC, 

Albuquerque, New Mexico, USA.  

TRC Environmental Corporation. (2008). Post-Construction Avian and Bat Fatality 

Monitoring and Grassland Bird Displacement Surveys at the Judith Gap Wind 

Energy Project, Wheatland County, Montana. Draft Report Prepared for Judith Gap 

Energy, LLC, Chicago, Illinois. TRC Environmental Corporation, Laramie, 

Wyoming. TRC Project 51883-01 (112416). January 2008. 

Tobin, M. E., and R. A. Dolbeer. 1990. Disappearance and recoverability of songbird 

carcasses in fruit orchards. Journal of Field Ornithology 61:237–242. 

Urquhart B, Hulka S, Duffy K (2015) Game birds do not surrogate for raptors in trials to 

calibrate observed raptor collision fatalities. Bird Study 62, 552–555. 

Van Pelt, T.I. &Piatt, J.F. 1995: Deposition and persistence of beachcast seabird carcasses. 

Marine Pollution Bulletin 30: 794-802. 

Villegas-Patraca R, Macías-Sánchez S, MacGregor-Fors T, Muñoz- Robles C (2012) 

Scavenger removal: bird and bat carcass persistence in a tropical wind farm. Acta 

Oecol 43:121–125. 

Vyas, N.B. (1999) Factors influencing estimation of pesticide-related wildlife mortality. 

Toxicol. Ind. Health 15, 186–191. 



Ward, MR Stallknecht DE, Willis J, Conroy MJ, Davidson WR (2006) Wild bird mortality 

and West Nile virus surveillance: biases associated with detection, reporting, and 

carcass persistence. Journal of Wildlife Diseases, 42: 92-106. 

WEST, Inc. (2006) Diablo Winds wildlife monitoring progress report: March 2005–

February 2006. WEST, Cheyenne, Wyoming, USA. 

Whitford, J.  (2009)  Ripley Wind Power Project post-construction monitoring report. 

Report to Suncor Energy Products, Calgary, Alberta, Canada. Project no. 

1037529.01. 

Wiese, F.K. (2002). Estimation and impacts of seabird mortality from chronic marine oil 

pollution off the coast of Newfoundland. Dissertation, Department of Biology, 

Memorial University of Newfoundland, St. John’s, Newfoundland, Canada. 

Wiese, F. K. (2003) Sinking rates of dead birds: improving estimates of seabird mortality 

due to oiling. Marine Ornithology 31: 65–70. 

Wiese FK, Robertson GJ (2004) Assessing seabird mortality from chronic oil discharges at 

sea. Journal of Wildlife Management 68: 627-638. 

Wiese FK, Ryan P (2003) The extent of chronic marine oil pollution in southeastern 

Newfoundland waters assessed through beached bird surveys 1984–1999. Marine 

Pollution Bulletin 46: 1090–1101. 

Witmer, G.W., M.J. Pipas, D.L. Campbell (1995) Effectiveness of search patterns for 

recovery of animal carcasses in relation to pocket gopher infestation control. 

International Biodeterioration & Biodegradation 36: 177-187 

Wobeser G, Wobeser AG (1992) Carcass disappearance and estimation of mortality in a 

simulated die-off of small birds. Journal of Wildlife Diseases, 28: 548-554. 

Wolpert R, Coleman J (2015) acmeR: Implements ACME Estimator of Bird and Bat 

Mortality by Wind Turbines. R package. 



Woronecki, P.P, Dolbeer, R.A., Ingram, C.R., Stickley, A.R. Jr. (1979) 4-aminopyridine 

effectiveness reevaluated for reducing blackbird damage to corn. Journal of Wildlife 

Management 43: 184-191. 

Yee, Marcus L. 2007. Testing the Effectiveness of an Avian Flight Diverter for Reducing 

Avian Collisions with Distribution Power Lines in the Sacramento Valley, 

California. California Energy Commission, PIER Energy‐Related Environmental 

Research Program. CEC‐500‐2007‐122. 

Young DP Jr., Erickson WP, Good RE, Strickland MD, Johnson GD (2003a) Avian and bat 

mortality associated with the initial phase of the Foote Creek Rim windpower 

project, Carbon County, Wyoming. November 1998 - June 2002. Western 

EcoSystems Technology, Inc. Cheyenne, Wyoming. 

Young, D. P., Jr., W. P. Erickson, M. D. Strickland, R. E. Good, and K. J. Sernka. (2003b) 

Comparison of avian responses to UV-light-reflective paint on wind turbines. 

Subcontract report July 1999–December 2000. National Renewable Energy 

Laboratory, NREL/SR-500–32840, Golden, Colorado, USA. 

Young, Jr., D. P., J. D. Jeffrey, W. P. Erickson, K. Bay, V. K. Poulton, K. Kronner, B 

Gritski, and J. Baker. 2006a. Eurus Combine Hills Turbine Ranch phase 1 post 

construction wildlife monitoring first annual report, February 2004–February 2005. 

Report to Eurus Energy America Corporation, San Diego, California, and Combine 

Hills Technical Advisory Committee, Umatilla County, Oregon, USA. 

Young, Jr., D. P., W. P. Erickson, J. D. Jeffrey, and V. K. Poulton  (2007) Puget Sound 

Energy Hopkins Ridge Wind Project Phase 1 post-construction avian and bat 

monitoring first annual report.  Report to Puget Sound Energy, Dayton, Washington, 

USA. 



Young DP Jr., Nomani S, Tidhar WL, Bay K (2011) NedPower Mount Storm Wind Energy 

Facility Post-Construction Avian and Bat Monitoring.  July - October 2010. Western 

EcoSystems Technology, Inc. Cheyenne, Wyoming. 

de la Zerda, S., and L. Rosselli. 2003. Mitigación de colisión de aves contra líneas de 

transmisión eléctrica con marcaje del cable de guarda. Ornitología Colombiana 1: 

42–62. 

Zielinski P, Bela G, Kwitowski K (2008) Report on monitoring of the wind farm impact on 

birds in the vicinity of Gnieżdżewo (gmina Puck, pomorskie voivodeship). 

Technical Report. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2.- List of scientific and common names, taxa, and body mass (g) of the species 

included in the reviewed studies. We used the body mass provided by the authors of 

individual studies. When these were not provided, we used the body mass listed below, 

which were extracted from web resources like Cornell Lab of Ornithology 

(http://www.birds.cornell.edu) and Wikipedia (https://www.wikipedia.org/).  

Scientific name Common name Taxon 

Body 

mass 

(g) Observations 

Bufo bufo Common toad Amphibians 75 

 Litoria dahlii Dahl's frog Amphibians 60 

 Pelobates fuscus Common spadefoot Toad Amphibians 21 

 Rana arvalis Moor frog  Amphibians 13 

 R.esculenta Edible frog Amphibians 40 

 R. lessonae Pool frog Amphibians 22 

 R. ridibunda Marsh frog  Amphibians 90 

 R. temporaria Common frog  Amphibians 25 

 Rhinella marina Cane toad Amphibians 80 Juvenile 

R. marina Cane toad Amphibians 180 Adult 

Triturus cristatus Northern crested newt Amphibians 9 

 T. vulgaris  Smooth newt Amphibians 2 

 Accipiter cooperii Cooper's hawk Birds 425 

 Aegolius acadicus Northern saw whet owl Birds 108 

 A. phoeniceus Red-winged blackbird Birds 50 

 Alectoris chukar Chukar partridge  Birds 450 

 A. rufa Red-legged partridge Birds 450 

 Alopochen aegyptiaca Egyptian geese Birds 2100 

 Anas platyrhynchos Mallard Birds 1000 Female 

A. platyrhynchos Mallard Birds 1100 Male 

A. platyrhynchos Mallard Birds 35 Hatchling 

A. platyrhynchos Mallard Birds 60 7-days old 

Anthus rubescens American pipit  Birds 23 

 Archilochus colubris Ruby-throated hummingbird Birds 4 

 Asio otus Long-eared owl Birds 310 

 Athene cunicularia Burrowing owl  Birds 150 

 Bubo virginianus Great horned owl Birds 1415 

 Buteo buteo Common buzzard Birds 900 

 B. jamaicensis Red-tailed hawk Birds 1030 

 Cairina moschata Muscovy duck  Birds 4000 

 Cardinalis cardinalis Northern cardinal Birds 42 

 Charadrius vociferus Killdeer Birds 102 

 Chen caerulescens Snow geese Birds 2600 

 Chordeiles minor Common nighthawk Birds 82 

 

http://www.birds.cornell.edu/
https://www.wikipedia.org/


Colinus virginianus  Bobwhite quail Birds 150 Adult 

C. virginianus  Bobwhite quail Birds 22 7-14 days old 

Columba livia Rock dove Birds 360 

 Corvus brachyrhynchos American crow Birds 470 

 Coturnix coturnix  Common quail Birds 120 

 Cyanocitta cristata Blue jay Birds 85 

 Dumetella carolinensis Gray catbird Birds 40 

 Eremophila alpestris Horned lark Birds 38 

 Erithacus rubecula European robin Birds 19 

 Euphagus cyanocephalus Brewer's blackbird Birds 65 

 Falco sparverius American kestrel Birds 120 

 Fringilla coelebs European chaffinch  Birds 21 

 Gallus gallus  Domestic chicken Birds 1400 Adult 

G. gallus  Domestic chicken Birds 800 Juvenile 

G. gallus  Domestic chicken Birds 38 Hatchling 

Geothlypis trichas Common yellowthroat Birds 10 

 Haemorhous mexicanus House finch  Birds 22 

 Lagopus lagopus Willow ptarmigan Birds 620 

 Larus argentatus Herring gull Birds 1025 

 L. delawarensis Ring-billed gull Birds 525 

 L. marinus Great black-backed gull Birds 1650 

 Melopsittacus undulates Parakeet Birds 35 

 Melospiza georgiana Swamp sparrow Birds 18 

 M. melodia Song sparrow Birds 33 

 Molothrus ater Brown-headed cowbird Birds 40 

 Oreothlypis celata Orange-crowned warbler Birds 9 

 Oreothlypis ruficapilla Nashville warbler Birds 9 

 Oreothlypis ruficapilla Nashville warbler Birds 10 

 Parus major Great tit Birds 16 

 Passer domesticus House sparrow Birds 28 

 Perdix perdix Grey partridge Birds 490 

 Petrochelidon pyrrhonota Cliff swallow Birds 27 

 Phasianus colchicus Common pheasant Birds 900 Female 

P. colchicus Common pheasant Birds 1100 Male 

P. colchicus Common pheasant Birds 20 Hatchling 

Pheucticus ludovicianus Rose-breasted grosbeak Birds 47 

 Plectropterus gambensis Spur-winged geese Birds 4300 

 Poecile atricapillus Black-capped chickadee Birds 12 

 Pooecetes gramineus Vesper sparrow Birds 24 

 Quelea quelea Red-billed quelea  Birds 18 

 Quiscalus quiscula Common grackle Birds 108 

 Regulus satrapa Golden-crowned kinglet  Birds 6 

 Scolopax minor American woodcock Birds 198 

 S. rusticola European woodcock Birds 310 

 Seiurus aurocapilla Ovenbird Birds 22 

 Setophaga magnolia Magnolia warbler Birds 11 

 



S. petechia American yellow warbler Birds 13 

 Setophaga striata Blackpoll warbler Birds 13 

 Setophaga townsendi Townsend's warbler Birds 9 

 Sitta canadensis Red-breasted nuthatch Birds 11 

 Spinus tristis American goldfinch Birds 16 

 Stelgidopteryx serripennis Northern rough-winged swallow Birds 14 

 Sturnella neglecta Western meadowlark Birds 102 

 Sturnus unicolor European starling Birds 75 

 Tachycineta bicolor Tree swallow Birds 21 

 Turdus merula Blackbird Birds 60 

 T. migratorius American robin Birds 80 

 T. philomelos Song thrush  Birds 70 

 Tyto alba Barn owl Birds 520 

 Vireo olivaceus Red-eyed vireo Birds 19 

 Zenaida macroura Mourning dove Birds 135 

 Zonotrichia leucophrys White-crowned sparrow Birds 26 

 Apodemus sylvaticus  Wood mouse Mammals 28 

 Eptesicus fuscus Big brown bat Mammals 15 

 Lasionycteris noctivagans Silver-haired bat Mammals 10 

 Lasiurus borealis Eastern red bat  Mammals 12 

 L. cinereus Hoary bay Mammals 26 

 Mus musculus House mouse Mammals 24 

 Myotis lucifugus Little brown bat Mammals 8 

 Octodon degus Degus Mammals 235 

 Perimyotis subflavus Eastern pipistrelle Mammals 7 

 Pipistrellus pipistrellus Common pipistrelle  Mammals 6 

 Rattus norvegicus  Brown rat Mammals 90 

 Spermophilus columbianus Columbian ground squirrel Mammals 575 

  

 

 

 

 

 

 



Table S3: Trials included in the GLMM on searcher efficiency, including study reference and the variables tested. Information on study 

infrastructure is also shown, with the category ‘chemicals’ including studies on pesticides and epidemic outbreaks. 

Reference % detected 
Sample 

size Study area Species Group 
Body 

mass (g) Season Agent Experience Habitat Infrastructure Comments 

Agripro Ambiente 
(2008) 75 8 Viseu, Portugal 

Domestic 
chicken Birds 1400 Winter Human Unknown Scrubland Power-line 

 Agripro Ambiente 
(2009a) 33 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Spring Human Unknown Grassland Power-line Juvenile 

Agripro Ambiente 
(2009a) 29 7 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Autumn Human Unknown Grassland Power-line Juvenile 

Agripro Ambiente 
(2009a) 60 5 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Winter Human Unknown Grassland Power-line Juvenile 

Agripro Ambiente 
(2009b) 50 8 Coimbra, Portugal Turkey Birds 1500 Winter Human Unknown Scrubland Power-line Chick 
Agripro Ambiente 
(2009b) 62 8 Leiria, Portugal Turkey Birds 1500 Spring Human Unknown Forest Power-line Chick 
Agripro Ambiente 
(2009b) 50 8 

Santarém, 
Portugal Turkey Birds 1500 Summer Human Unknown Grassland Power-line Chick 

Agripro Ambiente 
(2010a) 40 5 Braga, Portugal 

Domestic 
chicken Birds 38 Spring Human Unknown Scrubland Power-line Hatchling 

Agripro Ambiente 
(2010b) 40 5 

Castelo Branco, 
Portugal Turkey Birds 1500 Spring Human Unknown Scrubland Power-line Chick 

Agripro Ambiente 
(2010b) 25 8 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 1400 Summer Human Unknown Forest Power-line 

 Agripro Ambiente 
(2010b) 67 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Autumn Human Unknown Scrubland Power-line Juvenile 

Agripro Ambiente 
(2010b) 33 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Winter Human Unknown Scrubland Power-line Juvenile 

Arnett (2006) 27 97 

Pennsylvania & 
West Virginia, 

USA 
Six bat 
species Mammals 18 Summer Human Unknown Forest Wind-farm 

 

Arnett (2006) 76 97 

Pennsylvania & 
West Virginia, 

USA 
Six bat 
species Mammals 18 Summer Dog Low Forest Wind-farm 

 
Baerwald & Barclay 
(2009) 78 100 Alberta, Canada 

Hoary & 
silver-

haired bat Mammals 18 Summer Human High Grassland Wind-farm 
 Boves & Belthoff 

(2012) 62 20 Idaho, USA Barn owl Birds 520 Winter Human High Scrubland Road 
 



Boves & Belthoff 
(2012) 60 20 Idaho, USA Barn owl Birds 520 Winter Human High Grassland Road 

 Boves & Belthoff 
(2012) 50 20 Idaho, USA Barn owl Birds 520 Summer Human High Scrubland Road 

 Boves & Belthoff 
(2012) 50 20 Idaho, USA Barn owl Birds 520 Summer Human High Grassland Road 

 Brown & Hamilton 
(2006) 75 69 Alberta, Canada 

Five bat 
species Mammals 14 Autumn Human Unknown Grassland Wind-farm 

 Calabuig & Ferrer 
(2009) 65 20 Andalucia, Spain 

Domestic 
chicken Birds 38 Year-round Human Unknown Grassland Power-line 

 

Derby et al. (2007) 60 5 Nebraska, USA 

House 
sparrow & 
chickens Birds 28 Spring Human Unknown Grassland Wind-farm 

 
Derby et al. (2007) 70 10 Nebraska, USA Rock dove Birds 360 Spring Human Unknown Grassland Wind-farm 

 

Derby et al. (2007) 50 6 Nebraska, USA 

House 
sparrow & 
chickens Birds 28 Autumn Human Unknown Grassland Wind-farm 

 

Derby et al. (2007) 60 5 Nebraska, USA 

House 
sparrow & 
chickens Birds 28 Winter Human Unknown Grassland Wind-farm 

 
Derby et al. (2007) 100 5 Nebraska, USA Rock dove Birds 360 Winter Human Unknown Grassland Wind-farm 

 
Ecosativa (2011) 80 10 Leiria, Portugal 

Domestic 
chicken Birds 38 Winter Dog High Forest Power-line Hatchling 

Ecosativa (2011) 80 10 Leiria, Portugal Rock dove Birds 360 Winter Dog High Forest Power-line 
 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Winter Dog High Forest Power-line Juvenile 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Winter Dog High Scrubland Power-line Hatchling 

Ecosativa (2011) 70 10 Leiria, Portugal Rock dove Birds 360 Winter Dog High Scrubland Power-line 
 

Ecosativa (2011) 100 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Winter Dog High Scrubland Power-line Juvenile 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Winter Dog High Grassland Power-line Hatchling 

Ecosativa (2011) 100 10 Leiria, Portugal Rock dove Birds 360 Winter Dog High Grassland Power-line 
 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Winter Dog High Grassland Power-line Juvenile 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Spring Dog High Forest Power-line Hatchling 

Ecosativa (2011) 80 10 Leiria, Portugal Rock dove Birds 360 Spring Dog High Forest Power-line 
 



Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Spring Dog High Forest Power-line Juvenile 

Ecosativa (2011) 70 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Spring Dog High Scrubland Power-line Hatchling 

Ecosativa (2011) 70 10 Leiria, Portugal Rock dove Birds 360 Spring Dog High Scrubland Power-line 
 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Spring Dog High Scrubland Power-line Juvenile 

Ecosativa (2011) 100 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Spring Dog High Grassland Power-line Hatchling 

Ecosativa (2011) 100 10 Leiria, Portugal Rock dove Birds 360 Spring Dog High Grassland Power-line 
 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Spring Dog High Grassland Power-line Juvenile 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Summer Dog High Forest Power-line Hatchling 

Ecosativa (2011) 80 10 Leiria, Portugal Rock dove Birds 360 Summer Dog High Forest Power-line 
 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Summer Dog High Forest Power-line Juvenile 

Ecosativa (2011) 70 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Summer Dog High Scrubland Power-line Hatchling 

Ecosativa (2011) 100 10 Leiria, Portugal Rock dove Birds 360 Summer Dog High Scrubland Power-line 
 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Summer Dog High Scrubland Power-line Juvenile 

Ecosativa (2011) 100 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Summer Dog High Grassland Power-line Hatchling 

Ecosativa (2011) 90 10 Leiria, Portugal Rock dove Birds 360 Summer Dog High Grassland Power-line 
 

Ecosativa (2011) 100 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Summer Dog High Grassland Power-line Juvenile 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Autumn Dog High Forest Power-line Hatchling 

Ecosativa (2011) 90 10 Leiria, Portugal Rock dove Birds 360 Autumn Dog High Forest Power-line 
 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Autumn Dog High Forest Power-line Juvenile 

Ecosativa (2011) 70 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Autumn Dog High Scrubland Power-line Hatchling 

Ecosativa (2011) 100 10 Leiria, Portugal Rock dove Birds 360 Autumn Dog High Scrubland Power-line 
 

Ecosativa (2011) 100 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Autumn Dog High Scrubland Power-line Juvenile 

Ecosativa (2011) 90 10 Leiria, Portugal 
Domestic 
chicken Birds 38 Autumn Dog High Grassland Power-line Hatchling 



Ecosativa (2011) 80 10 Leiria, Portugal Rock dove Birds 360 Autumn Dog High Grassland Power-line 
 

Ecosativa (2011) 80 10 Leiria, Portugal 
Domestic 
chicken Birds 800 Autumn Dog High Grassland Power-line Juvenile 

Ecosativa (2013) 80 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Winter Dog High Forest Power-line Hatchling 

Ecosativa (2013) 70 10 Coimbra, Portugal Rock dove Birds 360 Winter Dog High Forest Power-line 
 

Ecosativa (2013) 90 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Winter Dog High Forest Power-line Juvenile 

Ecosativa (2013) 80 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Winter Dog High Grassland Power-line Hatchling 

Ecosativa (2013) 90 10 Coimbra, Portugal Rock dove Birds 360 Winter Dog High Grassland Power-line 
 

Ecosativa (2013) 100 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Winter Dog High Grassland Power-line Juvenile 

Ecosativa (2013) 70 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Spring Dog High Forest Power-line Hatchling 

Ecosativa (2013) 80 10 Coimbra, Portugal Rock dove Birds 360 Spring Dog High Forest Power-line 
 

Ecosativa (2013) 100 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Spring Dog High Forest Power-line Juvenile 

Ecosativa (2013) 80 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Spring Dog High Grassland Power-line Hatchling 

Ecosativa (2013) 90 10 Coimbra, Portugal Rock dove Birds 360 Spring Dog High Grassland Power-line 
 

Ecosativa (2013) 90 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Spring Dog High Grassland Power-line Juvenile 

Ecosativa (2013) 70 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Summer Dog High Forest Power-line Hatchling 

Ecosativa (2013) 70 10 Coimbra, Portugal Rock dove Birds 360 Summer Dog High Forest Power-line 
 

Ecosativa (2013) 70 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Summer Dog High Forest Power-line Juvenile 

Ecosativa (2013) 80 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Summer Dog High Grassland Power-line Hatchling 

Ecosativa (2013) 90 10 Coimbra, Portugal Rock dove Birds 360 Summer Dog High Grassland Power-line 
 

Ecosativa (2013) 100 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Summer Dog High Grassland Power-line Juvenile 

Ecosativa (2013) 90 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Autumn Dog High Forest Power-line Hatchling 

Ecosativa (2013) 80 10 Coimbra, Portugal Rock dove Birds 360 Autumn Dog High Forest Power-line 
 

Ecosativa (2013) 100 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Autumn Dog High Forest Power-line Juvenile 



Ecosativa (2013) 80 10 Coimbra, Portugal 
Domestic 
chicken Birds 38 Autumn Dog High Grassland Power-line Hatchling 

Ecosativa (2013) 90 10 Coimbra, Portugal Rock dove Birds 360 Autumn Dog High Grassland Power-line 
 

Ecosativa (2013) 90 10 Coimbra, Portugal 
Domestic 
chicken Birds 800 Autumn Dog High Grassland Power-line Juvenile 

Ecosativa (2013) 90 10 Coimbra, Portugal 
House 
mouse Mammals 24 Winter Dog High Forest Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Winter Dog High Forest Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Winter Dog High Forest Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Winter Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Winter Dog High Grassland Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Winter Dog High Grassland Power-line 

 
Ecosativa (2013) 80 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Forest Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Forest Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Forest Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Spring Dog High Grassland Power-line 

 
Ecosativa (2013) 70 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Forest Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Forest Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Forest Power-line 

 
Ecosativa (2013) 70 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Grassland Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Summer Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Autumn Dog High Forest Power-line 

 



Ecosativa (2013) 90 10 Coimbra, Portugal 
House 
mouse Mammals 24 Autumn Dog High Forest Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Autumn Dog High Forest Power-line 

 
Ecosativa (2013) 70 10 Coimbra, Portugal 

House 
mouse Mammals 24 Autumn Dog High Grassland Power-line 

 
Ecosativa (2013) 100 10 Coimbra, Portugal 

House 
mouse Mammals 24 Autumn Dog High Grassland Power-line 

 
Ecosativa (2013) 90 10 Coimbra, Portugal 

House 
mouse Mammals 24 Autumn Dog High Grassland Power-line 

 

Enk et al. (2011) 68 28 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Autumn Human High Grassland Wind-farm 

 

Enk et al. (2011) 72 29 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Winter Human High Grassland Wind-farm 

 

Enk et al. (2011) 90 21 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Spring Human High Grassland Wind-farm 

 

Enk et al. (2011) 86 28 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Summer Human High Grassland Wind-farm 

 

Enk et al. (2012a) 79 14 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Autumn Human High Grassland Wind-farm 

 

Enk et al. (2012a) 89 18 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Winter Human High Grassland Wind-farm 

 

Enk et al. (2012a) 80 20 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Spring Human High Grassland Wind-farm 

 

Enk et al. (2012a) 61 26 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Summer Human High Grassland Wind-farm 

 
Enk et al. (2012b) 72 18 Oregon, USA Ring- Birds 1025 Autumn Human High Grassland Wind-farm 

 



necked 
pheasant & 

mallard 

Enk et al. (2012b) 89 18 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Winter Human High Grassland Wind-farm 

 

Enk et al. (2012b) 76 21 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Spring Human High Grassland Wind-farm 

 

Enk et al. (2012b) 86 21 Oregon, USA 

Ring-
necked 

pheasant & 
mallard Birds 1025 Summer Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 100 6 Oregon, USA 

Nine bird 
species Birds 855 Spring Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 100 8 Oregon, USA 

Nine bird 
species Birds 855 Summer Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 100 8 Oregon, USA 

Nine bird 
species Birds 855 Autumn Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 30 10 Oregon, USA 

Seven bird 
species Birds 100 Spring Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 100 6 Oregon, USA 

Seven bird 
species Birds 100 Summer Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 25 8 Oregon, USA 

Seven bird 
species Birds 100 Autumn Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 80 5 Oregon, USA 

Nine bird 
species Birds 855 Spring Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 86 7 Oregon, USA 

Seven bird 
species Birds 100 Winter Human High Grassland Wind-farm 

 Erickson et al. 
(2000) 20 5 Oregon, USA 

Seven bird 
species Birds 100 Autumn Human High Grassland Wind-farm 

 
Fiedler (2004) 9 11 Tennessee, USA 

Five bat 
species Mammals 14 Autumn Human Unknown Grassland Wind-farm 

 
Fiedler (2004) 25 12 Tennessee, USA 

Five bat 
species Mammals 14 Spring Human Unknown Grassland Wind-farm 

 
Fiedler (2004) 68 19 Tennessee, USA 

Five bat 
species Mammals 14 Summer Human Unknown Grassland Wind-farm 

 
Fiedler (2007) 41 124 Tennessee, USA 

Five bat 
species Mammals 14 Summer Human Unknown Forest Wind-farm 

 Grodsky & Drake 
(2011) 71 200 Wisconsin, USA 

Brown-
headed Birds 40 Autumn Human Unknown Grassland Wind-farm 

 



cowbird 

Grodsky & Drake 
(2011) 53 199 Wisconsin, USA 

Brown-
headed 
cowbird Birds 40 Spring Human Unknown Grassland Wind-farm 

 Grodsky & Drake 
(2011) 46 197 Wisconsin, USA 

Three bat 
species Mammals 16 Autumn Human Unknown Grassland Wind-farm 

 Grodsky & Drake 
(2011) 30 199 Wisconsin, USA 

Three bat 
species Mammals 16 Spring Human Unknown Grassland Wind-farm 

 
Higgins et al. (1995) 65 23 Minnesota, USA Blackbird Birds 60 Spring Human Unknown Grassland Wind-farm 

 
Homan et al. (2001) 45 288 

North & South 
Dakota, USA 

House 
sparrow Birds 28 Spring r Human High Grassland Chemicals Avicide 

Homan et al. (2001) 92 288 
North & South 
Dakota, USA 

House 
sparrow Birds 28 Spring  Dog Low Grassland Chemicals Avicide 

Howe et al. (2002) 51 90 Wisconsin, USA 
Eight bird 

species Birds 16 Spring Human Unknown Grassland Wind-farm 
 

Jain (2005) 73 73 Iowa, USA 
House 

sparrow Birds 28 Unknown Human Unknown Grassland Wind-farm 
 

Jain et al. (2007) 56 16 New York, USA Starling Birds 75 Autumn Human Unknown Grassland Wind-farm 
 

Jain et al. (2007) 51 41 New York, USA 
Five bat 
species Mammals 16 Autumn Human Unknown Grassland Wind-farm 

 
James & Haak 
(1979) 32 19 

Washington & 
Oregon, USA 

Starling & 
house 

sparrow Birds 52 Autumn  Human Unknown Wetland Power-line 
 James & Haak 

(1979) 73 30 
Washington & 
Oregon, USA Rock dove Birds 360 Autumn  Human Unknown Wetland Power-line 

 Johnson et al. 
(2000) 29 296 Minnesota, USA 

Four bird 
species Birds 46 

Spring-
Autumn Human High Grassland Wind-farm 

 
Johnson et al. 
(2000) 40 262 Minnesota, USA 

Bobwhite 
quail & 

rock dove Birds 250 
Spring-
Autumn Human High Grassland Wind-farm 

 Johnson et al. 
(2000) 49 246 Minnesota, USA Mallard Birds 1000 

Spring-
Autumn Human High Grassland Wind-farm Females 

Johnson et al. 
(2000) 37 8 Minnesota, USA 

Four bird 
species Birds 46 

Spring-
Autumn Human High Forest Wind-farm 

 
Johnson et al. 
(2000) 33 9 Minnesota, USA 

Bobwhite 
quail & 

rock dove Birds 250 
Spring-
Autumn Human High Forest Wind-farm 

 Johnson et al. 
(2000) 50 12 Minnesota, USA Mallard Birds 1000 

Spring-
Autumn Human High Forest Wind-farm Females 

Johnson et al. 
(2003) 75 12 Oregon, USA 

Three bird 
species Birds 600 Winter Human High Grassland Wind-farm 

 



Johnson et al. 
(2003) 100 16 Oregon, USA 

Three bird 
species Birds 600 Summer Human High Grassland Wind-farm 

 
Kerlinger et al. 
(2006) 50 6 California, USA 

Four 
passerine 
species Birds 46 Winter Human Unknown Grassland Wind-farm 

 Kerlinger et al. 
(2006) 100 9 California, USA 

Three bird 
species Birds 240 Winter Human Unknown Grassland Wind-farm 

 Kerlinger et al. 
(2006) 100 5 California, USA 

Three bird 
species Birds 885 Winter Human Unknown Grassland Wind-farm 

 
Kerlinger et al. 
(2006) 50 6 California, USA 

Four 
passerine 
species Birds 46 Winter Human Unknown Grassland Wind-farm 

 Kerlinger et al. 
(2006) 100 9 California, USA 

Three bird 
species Birds 240 Winter Human Unknown Grassland Wind-farm 

 Kerlinger et al. 
(2006) 100 5 California, USA 

Three bird 
species Birds 885 Winter Human Unknown Grassland Wind-farm 

 
Kerns et al. (2005) 43 215 

West Virginia, 
USA 

Six bat 
species Mammals 18 Summer Human Unknown Forest Wind-farm Mountaineer 

Kerns et al. (2005) 25 161 
Pennsylvania, 

USA 
Six bat 
species Mammals 18 Summer Human Unknown Forest Wind-farm Meyersdale 

Linz et al. (1991) 78 80 
North Dakota, 

USA 

Red-
winged 

blackbird Birds 50 Summer Human High Wetland Chemicals 
Pesticide; low 
density 

Linz et al. (1991) 84 320 
North Dakota, 

USA 

Red-
winged 

blackbird Birds 50 Summer Human High Wetland Chemicals 
Pesticide; high 
density 

Marques et al. 
(2007) 15 20 Beja, Portugal 

Domestic 
chicken Birds 38 Winter Human High Grassland Power-line Hatchling 

Marques et al. 
(2007) 87 15 Beja, Portugal 

Domestic 
chicken Birds 800 Winter Human High Grassland Power-line Juvenile 

Marques et al. 
(2007) 70 10 Beja, Portugal 

Domestic 
chicken Birds 2113 Winter Human High Grassland Power-line 

 Marques et al. 
(2007) 48 21 Beja, Portugal 

Domestic 
chicken Birds 38 Autumn Human High Grassland Power-line Hatchling 

Marques et al. 
(2007) 76 17 Beja, Portugal 

Domestic 
chicken Birds 800 Autumn Human High Grassland Power-line Juvenile 

Marques et al. 
(2007) 62 8 Beja, Portugal 

Domestic 
chicken Birds 2045 Autumn Human High Grassland Power-line 

 Marques et al. 
(2007) 38 21 Beja, Portugal 

Domestic 
chicken Birds 38 Autumn Human High Grassland Power-line Hatchling 

Marques et al. 
(2007) 82 17 Beja, Portugal 

Domestic 
chicken Birds 800 Autumn Human High Grassland Power-line Juvenile 

Marques et al. 75 8 Beja, Portugal Domestic Birds 2045 Autumn Human High Grassland Power-line 
 



(2007) chicken 

Osborn et al. (2000) 69 99 Minnesota, USA 

Brown-
headed 
cowbird Birds 40 

Winter-
Summer Human Unknown Grassland Wind-farm Small-sized 

Osborn et al. (2000) 78 99 Minnesota, USA Rock dove Birds 360 
Winter-
Summer Human Unknown Grassland Wind-farm Medium-sized 

Osborn et al. (2000) 92 13 Minnesota, USA 
Snow 
geese Birds 2600 

Winter-
Summer Human Unknown Grassland Wind-farm Large-sized 

Paula et al. (2011) 96 26 Leiria, Portugal 
Common 

quail Birds 100 Summer Dog High Scrubland Wind-farm 
 

Paula et al. (2011) 9 26 Leiria, Portugal 
Common 

quail Birds 100 Summer Human High Scrubland Wind-farm 
 

Ponce et al. (2010) 56 9 Madrid, Spain 
Common 
pheasant Birds 1008 Autumn Human Low Grassland Power-line Females 

Ponce et al. (2010) 22 9 Madrid, Spain 
Red-legged 
partridge Birds 406 Autumn Human Low Grassland Power-line 

 
Ponce et al. (2010) 11 9 Madrid, Spain 

Common 
quail Birds 110 Autumn Human Low Grassland Power-line 

 
Ponce et al. (2010) 0 5 Madrid, Spain 

Common 
quail Birds 54 Autumn Human Low Grassland Power-line Half bird 

Ponce et al. (2010) 76 37 Madrid, Spain 
Common 
pheasant Birds 1008 Autumn Human High Grassland Power-line Females 

Ponce et al. (2010) 63 43 Madrid, Spain 
Red-legged 
partridge Birds 406 Autumn Human High Grassland Power-line 

 
Ponce et al. (2010) 42 19 Madrid, Spain 

Common 
quail Birds 110 Autumn Human High Grassland Power-line 

 
Ponce et al. (2010) 50 10 Madrid, Spain 

Common 
quail Birds 54 Autumn Human High Grassland Power-line Half bird 

Procesl (2010) 43 86 Evora, Portugal 
Common 

quail Birds 120 
Autumn & 

Spring Human Unknown Grassland Power-line Higher visibility 

Procesl (2010) 41 76 Evora, Portugal 
Common 

quail Birds 120 
Autumn & 

Spring Human Unknown Grassland Power-line Medium visibility 

Procesl (2010) 11 100 Evora, Portugal 
Common 

quail Birds 120 
Autumn & 

Spring Human Unknown Grassland Power-line Lower visibility 

Procesl (2010) 80 50 Evora, Portugal 
Red-legged 
partridge Birds 450 

Autumn & 
Spring Human Unknown Grassland Power-line Higher visibility 

Procesl (2010) 59 46 Evora, Portugal 
Red-legged 
partridge Birds 450 

Autumn & 
Spring Human Unknown Grassland Power-line Medium visibility 

Procesl (2010) 20 50 Evora, Portugal 
Red-legged 
partridge Birds 450 

Autumn & 
Spring Human Unknown Grassland Power-line Lower visibility 

Procesl (2010) 90 10 Evora, Portugal 
Muscovy 

duck Birds 4000 
Autumn & 

Spring Human Unknown Grassland Power-line Higher visibility 



Procesl (2010) 90 10 Evora, Portugal 
Muscovy 

duck Birds 4000 
Autumn & 

Spring Human Unknown Grassland Power-line Medium visibility 

Procesl (2010) 50 10 Evora, Portugal 
Muscovy 

duck Birds 4000 
Autumn & 

Spring Human Unknown Grassland Power-line Lower visibility 

Procesl (2013a) 80 20 
Bragança, 
Portugal 

Common 
quail Birds 120 Spring Human Unknown Grassland Power-line 

 
Procesl (2013a) 90 20 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Spring Human Unknown Grassland Power-line 

 
Procesl (2013a) 95 20 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Spring Human Unknown Grassland Power-line 

 
Procesl (2013a) 82 40 

Bragança, 
Portugal 

Common 
quail Birds 120 Spring Human Unknown Scrubland Power-line 

 
Procesl (2013a) 85 40 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Spring Human Unknown Scrubland Power-line 

 
Procesl (2013a) 87 40 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Spring Human Unknown Scrubland Power-line 

 
Procesl (2013a) 80 20 

Bragança, 
Portugal 

Common 
quail Birds 120 Summer Human Unknown Grassland Power-line 

 
Procesl (2013a) 75 20 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Summer Human Unknown Grassland Power-line 

 
Procesl (2013a) 85 20 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Summer Human Unknown Grassland Power-line 

 
Procesl (2013a) 62 40 

Bragança, 
Portugal 

Common 
quail Birds 120 Summer Human Unknown Scrubland Power-line 

 
Procesl (2013a) 77 40 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Summer Human Unknown Scrubland Power-line 

 
Procesl (2013a) 85 40 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Summer Human Unknown Scrubland Power-line 

 
Procesl (2013a) 90 20 

Bragança, 
Portugal 

Common 
quail Birds 120 Autumn Human Unknown Grassland Power-line 

 
Procesl (2013a) 95 20 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Autumn Human Unknown Grassland Power-line 

 
Procesl (2013a) 90 20 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Autumn Human Unknown Grassland Power-line 

 
Procesl (2013a) 85 40 

Bragança, 
Portugal 

Common 
quail Birds 120 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013a) 87 40 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013a) 90 40 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013a) 85 20 

Bragança, 
Portugal 

Common 
quail Birds 120 Winter Human Unknown Grassland Power-line 

 
Procesl (2013a) 95 20 Bragança, Red-legged Birds 450 Winter Human Unknown Grassland Power-line 

 



Portugal partridge 

Procesl (2013a) 95 20 
Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Winter Human Unknown Grassland Power-line 

 
Procesl (2013a) 87 40 

Bragança, 
Portugal 

Common 
quail Birds 120 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013a) 90 40 

Bragança, 
Portugal 

Red-legged 
partridge Birds 450 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013a) 90 40 

Bragança, 
Portugal 

Muscovy 
duck Birds 4000 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013b) 85 20 Coimbra, Portugal 

Common 
quail Birds 120 Autumn Human Unknown Forest Power-line 

 
Procesl (2013b) 95 20 Coimbra, Portugal Rock dove Birds 360 Autumn Human Unknown Forest Power-line 

 
Procesl (2013b) 100 20 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Autumn Human Unknown Forest Power-line 

 
Procesl (2013b) 50 10 Coimbra, Portugal 

Common 
quail Birds 120 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013b) 70 10 Coimbra, Portugal Rock dove Birds 360 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013b) 80 10 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Autumn Human Unknown Scrubland Power-line 

 
Procesl (2013b) 90 20 Coimbra, Portugal 

Common 
quail Birds 120 Winter Human Unknown Forest Power-line 

 
Procesl (2013b) 95 20 Coimbra, Portugal Rock dove Birds 360 Winter Human Unknown Forest Power-line 

 
Procesl (2013b) 100 20 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Winter Human Unknown Forest Power-line 

 
Procesl (2013b) 60 10 Coimbra, Portugal 

Common 
quail Birds 120 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013b) 80 10 Coimbra, Portugal Rock dove Birds 360 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013b) 90 10 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Winter Human Unknown Scrubland Power-line 

 
Procesl (2013b) 85 20 Coimbra, Portugal 

Common 
quail Birds 120 Spring Human Unknown Forest Power-line 

 
Procesl (2013b) 95 20 Coimbra, Portugal Rock dove Birds 360 Spring Human Unknown Forest Power-line 

 
Procesl (2013b) 100 20 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Spring Human Unknown Forest Power-line 

 
Procesl (2013b) 50 10 Coimbra, Portugal 

Common 
quail Birds 120 Spring Human Unknown Scrubland Power-line 

 
Procesl (2013b) 70 10 Coimbra, Portugal Rock dove Birds 360 Spring Human Unknown Scrubland Power-line 

 
Procesl (2013b) 80 10 Coimbra, Portugal 

Muscovy 
duck Birds 4000 Spring Human Unknown Scrubland Power-line 

 



Procesl (2013b) 90 20 Coimbra, Portugal 
Common 

quail Birds 120 Summer Human Unknown Forest Power-line 
 

Procesl (2013b) 100 20 Coimbra, Portugal Rock dove Birds 360 Summer Human Unknown Forest Power-line 
 

Procesl (2013b) 100 20 Coimbra, Portugal 
Muscovy 

duck Birds 4000 Summer Human Unknown Forest Power-line 
 

Procesl (2013b) 60 10 Coimbra, Portugal 
Common 

quail Birds 120 Summer Human Unknown Scrubland Power-line 
 

Procesl (2013b) 60 10 Coimbra, Portugal Rock dove Birds 360 Summer Human Unknown Scrubland Power-line 
 

Procesl (2013b) 80 10 Coimbra, Portugal 
Muscovy 

duck Birds 4000 Summer Human Unknown Scrubland Power-line 
 

Reyes et al. (2016) 40 20 California, USA 

Starling & 
house 

sparrow Birds 52 Autumn Human High Scrubland Solar plant 
 

Reyes et al. (2016) 54 24 California, USA 

Rock dove 
& ring-
necked 

pheasant Birds 680 Autumn Human High Scrubland Solar plant 
 

Reyes et al. (2016) 69 16 California, USA 

Starling & 
house 

sparrow Birds 52 Autumn Dog High Scrubland Solar plant 
 

Reyes et al. (2016) 86 21 California, USA 

Rock dove 
& ring-
necked 

pheasant Birds 680 Autumn Dog High Scrubland Solar plant 
 Savereno et al. 

(1996) 69 300 
South Carolina, 

USA Mallard Birds 1100 Year-round Human Unknown Wetland Power-line 
 

Schutgens et al. 
(2014) 75 44 

Northern Cape , 
South Africa 

Egyptian & 
spur-

winged 
geese Birds 3200 Summer Human High Scrubland Power-line 

 

Schutgens et al. 
(2014) 67 39 

Northern Cape , 
South Africa 

Egyptian & 
spur-

winged 
geese Birds 3200 Summer Human Low Scrubland Power-line 

 Stantec Consulting 
(2009) 40 5 Maine, USA 

Three bird 
species Birds 38 Autumn Human Low Grassland Wind-farm 

 

Stantec Consulting 
(2009) 60 5 Maine, USA 

Little 
brown & 

silver-
haired bats Mammals 9 Spring Human Low Grassland Wind-farm 

 Stantec Consulting 
(2009) 20 5 Maine, USA 

Little 
brown & Mammals 9 Summer Human Low Grassland Wind-farm 

 



silver-
haired bats 

Stevens et al. 
(2011) 55 31 Idaho, USA 

Common 
pheasant Birds 900 Spring Human High Scrubland Fence Females 

Stevens et al. 
(2011) 53 15 Idaho, USA 

Common 
pheasant Birds 900 Spring Human Low Scrubland Fence Females 

Tobin & Dolbeer 
(1990) 75 240 New York, USA 

Brown-
headed 
cowbird Birds 40 Summer Human Unknown Forest Chemicals Pesticides 

TRC Env. Corp. 
(2008) 87 15 Montana, USA 

Common 
pheasant Birds 1000 Autumn Human Unknown Grassland Wind-farm 

 TRC Env. Corp. 
(2008) 67 15 Montana, USA 

Common 
pheasant Birds 1000 Spring Human Unknown Grassland Wind-farm 

 TRC Env. Corp. 
(2008) 20 15 Montana, USA 

Common 
quail Birds 100 Autumn Human Unknown Grassland Wind-farm 

 TRC Env. Corp. 
(2008) 13 15 Montana, USA 

Common 
quail Birds 100 Spring Human Unknown Grassland Wind-farm 

 

WEST (2006) 36 11 California, USA 

Starling & 
house 

sparrow Birds 52 Spring Human High Grassland Wind-farm 
 

WEST (2006) 50 10 California, USA 

Starling & 
house 

sparrow Birds 52 Autumn Human High Grassland Wind-farm 
 

WEST (2006) 47 15 California, USA 

Starling & 
house 

sparrow Birds 52 Winter Human High Grassland Wind-farm 
 

WEST (2006) 44 9 California, USA Rock dove Birds 360 Spring Human High Grassland Wind-farm 
 

WEST (2006) 80 10 California, USA Rock dove Birds 360 Autumn Human High Grassland Wind-farm 
 

WEST (2006) 93 15 California, USA Rock dove Birds 360 Winter Human High Grassland Wind-farm 
 Wobeser & 

Wobeser (1992) 95 21 
Saskatchewan, 

Canada 
Domestic 
chicken Birds 38 Spring Human Unknown Grassland Chemicals Epizootic 

Young et al. (2007) 82 11 Washington, USA 

Female 
mallard & 
rock dove Birds 680 Winter Human High Grassland Wind-farm 

 

Young et al. (2007) 42 12 Washington, USA 

Female 
mallard & 
rock dove Birds 680 Summer Human High Grassland Wind-farm 

 
Young et al. (2007) 58 12 Washington, USA 

Four bird 
species Birds 40 Winter Human High Grassland Wind-farm 

 
Young et al. (2007) 42 12 Washington, USA 

Four bird 
species Birds 40 Summer Human High Grassland Wind-farm 

 



Young et al. (2011) 83 23 
West Virginia, 

USA 

Female 
mallard & 
rock dove Birds 680 Summer Human High Grassland Wind-farm 

 
Young et al. (2011) 44 68 W Virginia, USA Five bat sps Mammals 14 Summer  Human High Grassland Wind-farm 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4: Trials included in the GLMM on carcass persistance, including study reference and the variables tested. Information on study 

infrastructure is also shown, with the category ‘chemicals’ including studies on pesticides and epidemic outbreaks. 

 

Reference 
Peristence 

(24h) 
Sample 

size Study area Species Group 

Body 
mass 

(g) Domestic Frozen Season Habitat Infrastructure Comments 

Agripro Ambiente 
(2008) 75 8 Viseu, Portugal 

Domestic 
chicken Birds 1500 Yes Unknown Winter Scrubland Power-line 

 Agripro Ambiente 
(2009a) 17 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Yes Unknown Spring Grassland Power-line Juvenile 

Agripro Ambiente 
(2009a) 100 7 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Yes Unknown Autumn Grassland Power-line Juvenile 

Agripro Ambiente 
(2009a) 0 5 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Yes Unknown Winter Grassland Power-line Juvenile 

Agripro Ambiente 
(2010a) 100 5 Braga, Portugal 

Domestic 
chicken Birds 38 Yes Unknown Spring Scrubland Power-line Chick 

Agripro Ambiente 
(2010b) 100 5 

Castelo Branco, 
Portugal Turkey Birds 1500 Yes Unknown Spring Scrubland Power-line Chick 

Agripro Ambiente 
(2010b) 50 8 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 1500 Yes Unknown Summer Forest Power-line 

 Agripro Ambiente 
(2010b) 100 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Yes Unknown Autumn Scrubland Power-line Juvenile 

Agripro Ambiente 
(2010b) 100 6 

Castelo Branco, 
Portugal 

Domestic 
chicken Birds 800 Yes Unknown Winter Scrubland Power-line Juvenile 

Amorim (2009) 92 40 Viseu, Portugal 
House 
mouse Mammals 24 Yes Yes Spring Scrubland Wind-farm 

 
Amorim (2009) 82 6 Viseu, Portugal 

House 
mouse Mammals 24 Yes Yes Summer Scrubland Wind-farm 

 
Amorim (2009) 100 40 Viseu, Portugal 

Common 
pipistrelle  Mammals 6 No Yes Spring Scrubland Wind-farm 

 
Amorim (2009) 83 6 Viseu, Portugal 

Common 
pipistrelle  Mammals 6 No Yes Summer Scrubland Wind-farm 

 
Baerwald & Barclay 
(2009) 96 28 Alberta, Canada 

Hoary & 
silver-

haired bat Mammals 18 No Yes Autumn Grassland Wind-farm 
 



Baerwald & Barclay 
(2009) 80 10 Alberta, Canada 

Hoary & 
silver-

haired bat Mammals 18 No Yes Summer Grassland Wind-farm 
 

Balcomb (1986) 23 78 Maryland, USA 
Four bird 
species Birds 55 No No Spring Grassland Chemicals Pesticides 

Beckmann & Shine 
(2015) 2 320 

Northern 
Territory, 
Australia Dahl's frog Amphibians 60 No Yes Autumn Forest Roads 

Beckmann & Shine 
(2015) 10 240 

Northern 
Territory, 
Australia Cane toad Amphibians 80 No Yes Autumn Forest Roads 

 
Beckmann & Shine 
(2015) 57 400 

Northern 
Territory, 
Australia Cane toad Amphibians 180 No Yes Autumn Forest Roads 

 Bernardino et al. 
(2011) 90 10 

Santarém, 
Portugal Parakeet Birds 35 Yes No Spring Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 80 10 

Santarém, 
Portugal 

Common 
quail Birds 120 Yes No Spring Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 90 10 

Santarém, 
Portugal 

Red-legged 
partridge Birds 450 Yes No Spring Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 70 10 

Santarém, 
Portugal Parakeet Birds 35 Yes No Autumn Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 100 10 

Santarém, 
Portugal 

Common 
quail Birds 120 Yes No Autumn Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 90 10 

Santarém, 
Portugal 

Red-legged 
partridge Birds 450 Yes No Autumn Scrubland Wind-farm Caramulo 

Bernardino et al. 
(2011) 90 10 

Santarém, 
Portugal Parakeet Birds 35 Yes No Spring Scrubland Wind-farm Pinhal Interior 

Bernardino et al. 
(2011) 80 10 

Santarém, 
Portugal 

Common 
quail Birds 120 Yes No Spring Scrubland Wind-farm Pinhal Interior 

Bernardino et al. 
(2011) 90 10 

Santarém, 
Portugal 

Red-legged 
partridge Birds 450 Yes No Spring Scrubland Wind-farm Pinhal Interior 

Bernardino et al. 
(2011) 80 10 

Santarém, 
Portugal Parakeet Birds 35 Yes No Spring Scrubland Wind-farm Lousã 

Bernardino et al. 
(2011) 60 10 

Santarém, 
Portugal 

Common 
quail Birds 120 Yes No Spring Scrubland Wind-farm Lousã 

Bernardino et al. 
(2011) 80 10 

Santarém, 
Portugal 

Red-legged 
partridge Birds 450 Yes No Spring Scrubland Wind-farm Lousã 

Bevanger et al. 
(1994) 100 33 Central Norway 

Willow 
ptarmigan Birds 620 No Yes Winter Forest Power-line 

 Boves & Belthoff 
(2012) 100 12 Idaho, USA Barn owl Birds 520 No Yes Summer Scrubland Roads 

 
Boves & Belthoff 100 12 Idaho, USA Barn owl Birds 520 No Yes Summer Grassland Roads 

 



(2012) 

Boves & Belthoff 
(2012) 100 12 Idaho, USA Barn owl Birds 520 No Yes Winter Scrubland Roads 

 Boves & Belthoff 
(2012) 100 12 Idaho, USA Barn owl Birds 520 No Yes Winter Grassland Roads 

 
Brinkmann (2006)  84 50 

Freiburg, 
Germany 

House 
mouse Mammals 24 Yes Yes Summer Forest Wind-farm 

 Brown & Hamilton 
(2006) 100 59 Alberta, Canada 

Five bat 
species Mammals 18 No No Autumn Grassland Wind-farm 

 Bruggers et al. 
(1989) 43 100 South Kenya Quelea Birds 18 No No Spring Scrubland Chemicals Poisoning 
Brzeziński et al. 
(2012) 41 76 

Mikołajki, 
Poland 

Three frog 
species Amphibians 51 No Unknown Spring Wetland Roads 

 Cliplef & Wobeser 
(1993) 100 20 

Saskatchewan, 
Canada Mallard Birds 933 No No Summer Wetland Chemicals Botulism 

Cliplef & Wobeser 
(1993) 95 22 

Saskatchewan, 
Canada 

Four duck 
species Birds 277 No No Summer Wetland Chemicals Botulism 

Costa et al. (2011) 100 20 

Viana do 
Castelo, 
Portugal 

House 
mouse Mammals 24 Yes Unknown Autumn Scrubland Wind-farm 

 
Erickson et al. 
(2004) 100 7 

Oregon & 
Washington, 

USA 

Hoary & 
silver-

haired bat Mammals 18 No No Autumn Grassland Wind-farm 
 Grodsky & Drake 

(2011) 86 142 Wisconsin, USA 
House 
mouse Mammals 10 Yes Yes Spring Grassland Wind-farm 

Weanling 
mice 

Grodsky & Drake 
(2011) 79 103 Wisconsin, USA 

House 
mouse Mammals 10 Yes Yes Autumn Grassland Wind-farm 

Weanling 
mice 

Grodsky & Drake 
(2011) 96 57 Wisconsin, USA 

Three bat 
species Mammals 16 No Yes Spring Grassland Wind-farm 

 Grodsky & Drake 
(2011) 87 100 Wisconsin, USA 

Three bat 
species Mammals 16 No Yes Autumn Grassland Wind-farm 

 
Grodsky & Drake 
(2011) 73 202 Wisconsin, USA 

Brown-
headed 
cowbird Birds 40 No Yes Autumn Grassland Wind-farm 

 
Grodsky & Drake 
(2011) 84 201 Wisconsin, USA 

Brown-
headed 
cowbird Birds 40 No Yes Spring Grassland Wind-farm 

 Hels & Buchwald 
(2001) 7 15 

Midtjylland, 
Denmark 

Two newt 
species Amphibians 6 No No Spring Grassland Roads 

 
Hels & Buchwald 
(2001) 34 113 

Midtjylland, 
Denmark 

Three frog 
& toad 
species Amphibians 21 No No Spring Grassland Roads 

 



Hels & Buchwald 
(2001) 53 15 

Midtjylland, 
Denmark 

Common 
toad Amphibians 75 No No Spring Grassland Roads 

 
Henrich et al. 
(2017) 83 12 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Summer Grassland Wind-farm Gardens 

Henrich et al. 
(2017) 67 12 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Summer Forest Wind-farm 

 
Henrich et al. 
(2017) 67 12 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Summer Coast Wind-farm Brook site 

Henrich et al. 
(2017) 67 24 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Summer Forest Wind-farm 

 
Henrich et al. 
(2017) 67 12 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Summer Grassland Wind-farm Edges 

Henrich et al. 
(2017) 50 8 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Autumn Grassland Wind-farm Gardens 

Henrich et al. 
(2017) 75 8 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Autumn Forest Wind-farm 

 
Henrich et al. 
(2017) 87 8 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Autumn Coast Wind-farm Brook site 

Henrich et al. 
(2017) 87 16 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Autumn Forest Wind-farm 

 
Henrich et al. 
(2017) 87 8 

Baden-
Württemberg, 

Germany 
Domestic 
chicken Birds 40 Yes Yes Autumn Grassland Wind-farm Edges 

Howe et al. (2002) 70 50 Wisconsin, USA 
Eight bird 

species Birds 16 No Yes Spring Grassland Wind-farm 
 

Jain et al. (2007) 94 16 New York, USA 
European 
starling Birds 75 No Yes Autumn Grassland Wind-farm 

 
Jain et al. (2007) 80 51 New York, USA 

Five bat 
species Mammals 16 No Yes Autumn Grassland Wind-farm 

 
Kerns et al. (2005) 65 215 

West Virginia, 
USA 

Six bat 
species Mammals 18 No Unknown Summer Forest Wind-farm Mountaineer 

Kerns et al. (2005) 97 161 
Pennsylvania, 

USA 
Six bat 
species Mammals 18 No Unknown Summer Forest Wind-farm Meyersdale 

Linz et al. (1991) 97 60 North Dakota, Red-winged Birds 50 No Unknown Summer Wetland Chemicals Pesticides; low 



USA blackbird density 

Linz et al. (1991) 90 300 
North Dakota, 

USA 
Red-winged 

blackbird Birds 50 No Unknown Summer Wetland Chemicals 
Pesticides; 
high density 

Linz et al. (1997) 58 120 
North Dakota, 

USA 

Red-winged 
blackbird & 

house 
sparrow Birds 39 No Unknown Summer Grassland Chemicals Pesticides 

Linz et al. (1997) 90 80 
South Dakota, 

USA 

Red-winged 
blackbird & 

house 
sparrow Birds 39 No Unknown Spring Forest Chemicals Pesticides 

Linz et al. (1997) 82 80 
South Dakota, 

USA 

Red-winged 
blackbird & 

house 
sparrow Birds 39 No Unknown Spring Grassland Chemicals Pesticides 

Minderman et al. 
(2015) 88 42 

England, 
Scotland & 
Wales, UK 

House 
mouse Mammals 24 Yes Yes 

Spring-
Summer Grassland Wind-farm 

 
Paula et al. (2014) 70 30 

Santarém, 
Portugal 

Red-legged 
partridge Birds 450 Yes No Spring Scrubland Wind-farm 

 
Paula et al. (2014) 67 30 

Santarém, 
Portugal 

House 
mouse Mammals 24 Yes No Spring Scrubland Wind-farm 

 
Paula et al. (2014) 77 30 

Santarém, 
Portugal 

Common 
quail Birds 120 Yes No Summer Scrubland Wind-farm 

 
Paula et al. (2014) 80 30 

Santarém, 
Portugal 

House 
mouse Mammals 24 Yes No Summer Scrubland Wind-farm 

 Prosser et al. 
(2008) 100 24 England, UK 

Domestic 
chicken Birds 40 Yes Yes Winter Grassland Chemicals 

Experiment 1; 
Pesticides 

Prosser et al. 
(2008) 92 24 England, UK 

Common 
quail Birds 180 Yes Yes Winter Grassland Chemicals 

Experiment 1; 
Pesticides; 
large 

Prosser et al. 
(2008) 96 28 England, UK 

Common 
quail Birds 120 Yes Yes Winter Grassland Chemicals 

Experiment 1; 
Pesticides; 
small 

Prosser et al. 
(2008) 100 6 England, UK 

Red-legged 
partridge Birds 490 No Yes Winter Grassland Chemicals 

Experiment 1; 
Pesticides 

Prosser et al. 
(2008) 19 178 England, UK 

Common 
quail Birds 180 Yes Yes Spring Grassland Chemicals 

Experiment 2; 
Pesticides; 
large 

Prosser et al. 
(2008) 29 180 England, UK 

Domestic 
chicken Birds 40 Yes Yes Spring Grassland Chemicals 

Experiment 2; 
Pesticides 

Ratton et al. (2014) 11 120 
Minas Gerais, 

Brasil 
Domestic 
chicken Birds 40 Yes No Unknown Forest Roads 

 



Rosene & Lay 
(1963) 90 60 

Alabama & 
Texas, USA 

Bobwhite 
quail Birds 140 No Unknown Summer Grassland Chemicals 

Mortality 
outbreak 

Ruiz-Capillas et al. 
(2015) 86 33 

Castilla-León, 
Spain 

Wood 
mouse Mammals 28 No Yes 

Summer-
Autumn Forest Roads 

 Ruiz-Capillas et al. 
(2015) 100 41 

Castilla-León, 
Spain Brown rat Mammals 90 Yes Yes Spring Forest Roads 

 Ruiz-Capillas et al. 
(2015) 100 40 

Castilla-León, 
Spain 

House 
mouse Mammals 23 Yes Yes Summer Forest Roads 

 Savereno et al. 
(1996) 89 19 

South Carolina, 
USA Mallard Birds 1100 No Unknown Unknown Wetland Power-line 

 

Schutgens et al. 
(2014) 100 44 

Northern Cape, 
South Africa 

Egyptian & 
spur-

winged 
geese Birds 3200 Yes No Summer Scrubland Power-line 

 

Scott et al. (1972) 41 70 England, UK 
House 

sparrow Birds 28 No Unknown Autumn Coast Power-line 

Under the 
Power-line 
lines 

Scott et al. (1972) 90 30 England, UK 
House 

sparrow Birds 28 No Unknown Autumn Coast Power-line 

Away the 
Power-line 
lines 

Simonetti et al. 
(1984) 100 24 Central Chile Degus Mammals 235 No Unknown Winter Scrubland Chemicals 

Mortality 
outbreak 

Stantec Consulting 
(2009) 80 5 Maine, USA 

Five bird 
species Birds 122 No No Summer Grassland Wind-farm 

 

Stantec Consulting 
(2009) 100 7 Maine, USA 

Red-eyed 
vireo & 
house 

sparrow Birds 24 No No Autumn Grassland Wind-farm 
 

Sullivan (1988) 90 40 Montana, USA 

Columbian 
ground 
squirrel Mammals 575 No Unknown Summer Grassland Chemicals Pesticides 

Tobin & Dolbeer 
(1990) 60 100 New York, USA 

Brown-
headed 

cowbird & 
house 

sparrow Birds 40 No Yes Summer Forest Chemicals 

Pesticides; 
cherry 
orchards 

Tobin & Dolbeer 
(1990) 95 100 New York, USA 

Brown-
headed 

cowbird & 
house 

sparrow Birds 40 No Yes Autumn Forest Chemicals 

Pesticides; 
apple 
orchards 

Urquhart et al. 
(2015) 100 13 Scotland, UK 

Common 
buzzard Birds 900 No No Spring Scrubland Wind-farm 

 



 

 

 

Urquhart et al. 
(2015) 90 30 Scotland, UK 

Common 
pheasant Birds 900 Yes No Spring Scrubland Wind-farm 

 Urquhart et al. 
(2015) 100 27 Scotland, UK 

Common 
buzzard Birds 900 No No Autumn Scrubland Wind-farm 

 Urquhart et al. 
(2015) 100 26 Scotland, UK 

Common 
pheasant Birds 900 Yes No Autumn Scrubland Wind-farm 

 
Ward et al. (2006) 48 96 Georgia, USA 

American 
crow Birds 470 No Yes Summer Grassland Chemicals 

West Nile 
virus 

Ward et al. (2006) 71 96 Georgia, USA 
American 

crow Birds 470 No Yes Summer Grassland Chemicals 
West Nile 
virus 

Ward et al. (2006) 46 96 Georgia, USA 
House 

sparrow Birds 28 No Yes Summer Grassland Chemicals 
West Nile 
virus 

Ward et al. (2006) 77 96 Georgia, USA 
House 

sparrow Birds 28 No Yes Summer Grassland Chemicals 
West Nile 
virus 

Wobeser & 
Wobeser (1992) 21 24 

Saskatchewan, 
Canada 

Domestic 
chicken Birds 38 Yes Yes Spring Grassland Chemicals 

Epizootic; trial 
1 

Wobeser & 
Wobeser (1992) 24 25 

Saskatchewan, 
Canada 

Domestic 
chicken Birds 38 Yes Yes Spring Grassland Chemicals 

Epizootic; trial 
2 

Woronecki et al. 
(1979) 72 140 Ohio, USA 

House 
sparrow Birds 28 No Unknown Summer Grassland Chemicals 

 
Young et al. (2011) 84 18 

West Virginia, 
USA 

Mallard & 
rock dove Birds 680 Yes No 

Spring-
Autumn Grassland Wind-farm 

Female 
mallard 

Young et al. (2011) 63 73 
West Virginia, 

USA 
Five bat 
species Mammals 14 No No 

Spring-
Autumn Grassland Wind-farm 

 


