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As global land surfaces are being converted to urban areas at an alarming rate, 

understanding how individuals respond to urbanization is a key focus for behavioral 

ecology. As a critical component of avian parental care, incubating adults face a tradeoff 

between maintaining an optimal thermal environment for the developing embryos while 

meeting their own energetic demands. Urban habitats are biotically and abiotically 

different from their rural counterparts, i.e., in food availability, predator compositions, and 

the thermal environment. Therefore, urban birds may face different incubation challenges 

than their natural counterparts. We measured incubation behavior of rural and urban 

house wrens, Troglodytes aedon, with temperature loggers throughout the 12-day 

period. We found that urban females had more incubation bouts of shorter duration 

and spent less total time incubating per day than rural females. Results could provide 

evidence of behavioral shifts of wrens in cities, which have implications for the evolution 

of parental care. Our findings contribute to our understanding of the behavioral traits 

needed for city life and possible environmental pressures driving urban adaptations. 

Keywords: behavioral flexibility, heat island, food availability, parental care, plasticity, avian reproduction,  
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TABLE 1 | Results from generalized linear mixed model (number of incubation 

bouts) and linear mixed models (average and total incubation duration) analyzing 

differences in incubation behavior between urban and rural house wren females. 
 

 

Incubation behavior Coefficient SE z p 
 

Number of incubation bouts:  

Site 0.350 0.088 3.998 0.000 

Day of Incubation 0.014 0.005 2.541 0.011 

Coefficient SE t p 

Average incubation duration: 

Site 0.010 0.005 2.235 0.033 

Day of Incubation <−0.001 <0.001 −0.567 0.572 

Site: Day of Incubation 0.001 <0.001 3.105 0.002 

Total incubation duration: 

Site −36.144 21.333 −1.694 0.095 

Day of Incubation 4.509 1.871 2.410 0.017 

Site: Day of Incubation −5.779 2.532 −2.283 0.024 

Fixed effects that were significant (p < 0.05) are highlighted in bold. Nest ID was 

included as a random effect to correct for repeated sampling of individual females 

over different incubation days. 

FIGURE 1 | Female house wren incubation behaviors over the 11 days of incubation, including number of incubation bouts (A), average incubation bout duration 

(B), and total incubation duration (C). Ambient daytime temperatures are shown for both sites throughout the breeding season (D). Urban site and females are in 

black, dotted lines and rural site and females are in green, solid lines. Shown are means ± 1 SE. 

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Heppner and Ouyang Urbanization and Incubation Behavior 

Frontiers in Ecology and Evolution | www.frontiersin.org 5 February 2021 | Volume 9 | Article 590069 

◦

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Heppner and Ouyang Urbanization and Incubation Behavior 

Frontiers in Ecology and Evolution | www.frontiersin.org 6 February 2021 | Volume 9 | Article 590069 

DATA AVAILABILITY STATEMENT 

ETHICS STATEMENT 

AUTHOR CONTRIBUTIONS 

FUNDING 

ACKNOWLEDGMENTS 

SUPPLEMENTARY MATERIAL 

REFERENCES 

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles
https://www.frontiersin.org/articles/10.3389/fevo.2021.590069/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fevo.2021.590069/full#supplementary-material
https://doi.org/10.1007/s00265-016-2167-2
https://doi.org/10.1007/s00265-016-2167-2
https://doi.org/10.1098/rspb.2009.2138
https://doi.org/10.1098/rspb.2009.2138
https://doi.org/10.1002/joc.859
https://doi.org/10.1002/joc.859
https://doi.org/10.1038/s41598-020-72951-2
https://doi.org/10.1038/s41598-020-72951-2
https://doi.org/10.1111/ibi.12863
https://doi.org/10.1111/ibi.12863
https://doi.org/10.1098/rsbl.2007.0349
https://doi.org/10.1098/rsbl.2007.0349
https://doi.org/10.1098/rspb.1999.0616
https://doi.org/10.1098/rspb.1999.0616
https://doi.org/10.1163/156853909X463335
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.1111/j.1474-919X.2008.00899.x
https://doi.org/10.3389/fevo.2017.00053
https://doi.org/10.1038/s41467-020-14386-x
https://doi.org/10.1525/auk.2011.11121
https://doi.org/10.1525/auk.2011.11121
https://doi.org/10.1093/beheco/11.2.178
https://doi.org/10.1093/beheco/11.2.178
https://doi.org/10.1111/j.0014-3820.2000.tb00068.x
https://doi.org/10.1111/j.0014-3820.2000.tb00068.x
https://doi.org/10.1648/0273-8570-76.4.352
https://doi.org/10.1648/0273-8570-76.4.352
https://doi.org/10.1111/brv.12015
https://doi.org/10.1111/brv.12015
https://doi.org/10.1016/j.landurbplan.2018.08.010
https://doi.org/10.1007/s00442-005-0091-7
https://doi.org/10.2307/3676066
https://doi.org/10.1242/jeb.181552


Heppner and Ouyang Urbanization and Incubation Behavior 

Frontiers in Ecology and Evolution | www.frontiersin.org 7 February 2021 | Volume 9 | Article 590069 

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles
https://doi.org/10.1126/science.aam8327
https://doi.org/10.2307/4812
https://doi.org/10.1016/0304-4009(83)90022-0
https://doi.org/10.1016/j.anbehav.2008.05.002
https://doi.org/10.1111/j.1523-1739.2007.00846.x
https://doi.org/10.1086/303153
https://doi.org/10.1111/ibi.12430
https://doi.org/10.1642/auk-14-57.1
https://doi.org/10.1642/auk-14-57.1
https://doi.org/10.1146/annurev-ecolsys-112414-054258
https://doi.org/10.1016/j.biocon.2005.09.005
https://doi.org/10.1086/705361
https://doi.org/10.1136/qhc.11.1.6
https://doi.org/10.1093/icb/icy079
https://doi.org/10.1111/ibi.12804
https://doi.org/10.1086/662172
https://doi.org/10.1086/662172
https://doi.org/10.1098/rspb.2019.1215
https://doi.org/10.1093/icb/icy110
https://doi.org/10.1021/es2030438
https://doi.org/10.1098/rsbl.2008.0266
https://doi.org/10.1098/rsbl.2008.0266
https://doi.org/10.1007/s10336-019-01657-8
https://doi.org/10.1525/cond.2011.100132
https://doi.org/10.1525/cond.2011.100132
https://doi.org/10.1111/gcb.13969
https://doi.org/10.1002/eap.1730
https://doi.org/10.17109/AZH.61.4.373.2015
https://doi.org/10.17109/AZH.61.4.373.2015
https://doi.org/10.1016/j.landurbplan.2014.07.010
https://doi.org/10.1111/1365-2656.13211
https://doi.org/10.2134/agronmonogr55.c4
https://doi.org/10.2134/agronmonogr55.c4
https://doi.org/10.1016/j.tree.2005.11.019
https://doi.org/10.1111/j.1752-4571.2010.00166.x
https://doi.org/10.1002/ece3.3446
https://doi.org/10.2307/4159040
https://doi.org/10.2307/4159040
https://doi.org/10.1016/j.anbehav.2013.01.023
https://doi.org/10.1016/j.anbehav.2013.01.023
https://doi.org/10.1111/j.1474-919X.2007.00697.x
https://doi.org/10.1111/j.1474-919X.2007.00697.x
https://doi.org/10.1111/j.1469-185X.1998.tb00032.x
https://doi.org/10.1111/j.1469-185X.1998.tb00032.x
https://doi.org/10.1111/ibi.12922


Heppner and Ouyang Urbanization and Incubation Behavior 

Frontiers in Ecology and Evolution | www.frontiersin.org 8 February 2021 | Volume 9 | Article 590069 

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles
https://doi.org/10.3389/fevo.2017.00029
https://doi.org/10.2307/1367313
https://doi.org/10.1007/BF00347969
https://doi.org/10.1007/BF00347969
https://doi.org/10.1016/j.proenv.2011.09.429
https://doi.org/10.1016/j.proenv.2011.09.429
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

