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Abstract 
In this study, we recorded behavior of streaked shearwaters using GPS and acceleration data 

loggers and measured their oxidative stress levels as physiological cost. We used these data to 
analyze the relationship between foraging behavior and physiological costs. As a result, we found 
that anti-oxidative markers were positively correlated with maximum trip distance anti-oxidative 
markers were negatively correlated with number of times of homing. It suggest that shearwaters 
might forage for themselves in areas distant from the colony and bringing food to their chick might 
cause physiological stress for shearwaters. 
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1. Introduction 

 Wild animals have evolved to forage food efficiently under various physiological constraints. 
Recently, bio-logging (i.e., the use of animal-borne data loggers) has been widely used to collect 
trajectory and activity data. However, there are not many studies that quantify physiological costs 
and integrate the behavior and physiology of free-living animals. It is especially difficult to study 
seabirds that routinely fly long distances to forage for food over several hundred kilometers.  
 During the breeding season, seabirds fly long distances to obtain food, not only for themselves, 
but also for their chicks that are waiting in the nest. Thus, how parents balance food between 
themselves and their chicks is important. To understand their foraging strategy, it is necessary to 
reveal what behavior is physiologically costly for them. They might use energy-saving flight [1], 
alternate between short and long foraging trips which are suitable for feeding their chicks and 
themselves, respectively [2], and/or selectively forage only high-quality food items.  

In this study, we recorded the large- and fine-scale behavior of streaked shearwaters 
(Calonectris leucomelas) using GPS and acceleration data loggers and quantified physiological 
cost used by measurement their oxidative stress levels. We used these data to analyze the 
relationship between foraging behavior and physiological costs and to examine the foraging 
strategies of the shearwaters, which allow them to perform foraging trips at minimal cost. 

2. Method 

Fieldwork was performed breeding colony on Awashima Island (38°28ʹ N, 139°14ʹ E, Niigata, 
Japan) in the Sea of Japan in 2018 and 2019. To record their foraging behavior, we attached GPS 
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and acceleration loggers to breeding streaked shearwaters. The sampling intervals were one fix per 
minute for the GPS loggers and 25 Hz for the acceleration loggers. After 1–16 days, we re-caught 
the birds, retrieved the loggers, and measured their body metrics. We collected blood samples when 
we attached and recovered the loggers.  

We defined a foraging trip as an extended trip of more than 3 km and 6 h from Awashima Island. 
We calculated the trip duration, total flight distance, and maximum trip range for each foraging trip. 
Based on the acceleration data, we classified the behavior of the streaked shearwaters as takeoff, 
gliding, and landing using k-means clustering. We measured oxidative and anti-oxidative markers 
in the blood samples and calculated oxidative stress. 

3. Result 

We tracked the foraging behavior of 26 (11 males and 15 females) and 24 (11 males and 13 
females) streaked shearwaters in 2018 and 2019, respectively. We collected data for 151 trips (74 
from males and 47 from females) and 38 trips (21 from males and 17 from females) in 2018 and 
2019, respectively. We found that anti-oxidative markers were positively correlated with maximum 
trip distance. In addition, we found that the more frequently the shearwaters returned to the breeding 
island, the more severely they suffered oxidative stress. Meanwhile, there was no relationship 
between the number of flapping takeoffs and oxidative stress. 

4. Conclusion 

 Anti-oxidative markers had a positive correlation with maximum trip range and a negative 
correlation with the number of colony returns. Shearwaters might forage for themselves in areas 
distant from the colony. Bringing food to their chick might cause physiological stress for 
them.There were no significant differences between the number of flapping takeoffs and oxidative 
stress in either the males or females. Since these results were based on data from 2018 only, the 
sample size might be too small. We intend to add the 2019 data and reconfirm our results. 
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