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brood patch causes local reductions in blood vessel density in the chorio-allantoic 

membrane by as much as 40% (Ar and Reizes unpublished, cited in Deeming 2002). 

Notably, this occurred in the second half of the incubation period. 

  
 
Figure 8. A mixed line/bar plot showing 5 days of egg temperature (blue line) and egg 
turn rate (orange bars) from a tern nest. White areas indicate daytime, while gray areas 
indicate nighttime. 
 

      If high daytime egg turning rate is a byproduct of adult foraging behavior and the 

associated exchanges of incubation duties, then egg turning during the night may be 

representative of the baseline amount of turning that is required for optimal embryonic 

development in Forster’s terns. This could be tested by incubating eggs in an artificial 

incubator and maintaining a constant egg turning rate that mimics the Forster’s tern’s 

nighttime turning rate. The effect this has on hatchability could illuminate whether the 

elevated daytime egg turning rates that were observed in Forster’s terns play a necessary 
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role in embryonic development, or whether they serve some other function, such as 

shortening the incubation period and thereby reducing the risk of predation.  

      The results for Forster’s terns contrast what has been found for western gulls and 

Laysan albatrosses, neither of which exhibit a relationship between egg temperature and 

egg turning rate (Shaffer et al., 2014). This could be due to a lack of diurnal fluctuations 

in the parental exchange of nest incubation duties in these species. The relationship 

between egg temperature and egg turning rate has not yet been examined in Adélie 

penguins, but because the adults do not exchange nest duties on a diurnal basis, it is likely 

that the two will not show a correlation. 

Application 

 More than 200 currently threatened bird species would likely benefit from artificial 

incubation, and many of these species may be incapable of recovering without this 

method (Collar and Butchart, 2014). Artificial incubation plays a particularly important 

role in the recovery of the critically endangered New Zealand fairy tern (Sternula nereis 

davisae), a close relative of the Forster’s tern, whose population has been severely 

impacted by introduced species (Hansen, 2006). The findings on the egg turning rate and 

egg temperature of Forster’s terns could be used to improve the success of artificial 

incubation in such cases. Whether artificial incubation is effective for a particular species 

is largely determined by the egg turning rate and temperature of the incubator, two 

critical determinants of hatchability (Poulsen, 1953; Drent, 1975; Deeming, 1991; 

Deeming, 2002). The standard egg turning rate in an artificial incubator is 1 turn per 

hour, with a 45-degree rotation about the long axis (Deeming, 1991; Deeming, 2009). 
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The amount of change in the pitch (89.1 ± 1.1 degrees h!!) that was observed in 

Forster’s terns was particularly surprising, though whether it is a functional aspect of egg 

turning remains unclear. Artificial incubators generally do not control hourly changes in 

pitch, nor are such manipulations involved in poultry production (King’ori, 2011). The 

findings also indicate that taxonomic order is not always a useful predictor of egg turning 

rate, as can be seen in the different egg turning rates of western gulls and Forster’s terns, 

both Charadriiformes. Instead, albumen content of the egg may be a better predictor, as 

suggested by Deeming (2002). In addition to egg turning rate, the findings on egg 

temperature show that the typical artificial incubator may not be suitable for some 

species. Incubators typically operate at 37-38 °C, which has been found to be the 

optimum for galliform eggs (Deeming and Jarrett, 2015), but which largely falls below 

the egg temperatures that were recorded for Forster’s terns. The results show that 

studying the natural incubation behavior of wild birds may help to increase the 

effectiveness of conservation measures such as artificial incubation.  

Future Directions 

 Future research could investigate (1) variation in egg turning rate over the course of 

the entire incubation period in seabirds; (2) the influence of behaviors such as foraging, 

mobbing, and “dipping” on egg turning rate; (3) the relative importance of roll, pitch, and 

yaw in egg turning events of taxa with large clutch sizes, such as the Anseriformes; (4) 

differences in egg turning rate and egg temperature between adults of different 

experience levels; (5) the extent to which increased egg temperature can shorten the 

duration of the incubation period in Forster’s terns and thereby lower the risk of 
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predation; and (6) the potential effects of mercury on incubation behavior at the 

beginning of the incubation period. 
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