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Abstract—How do wild animals behave as they get 
older? We investigated the foraging behavior of black-
tailed gulls (Larus crassirostris) of known age using GPS 
and acceleration loggers. We found that the older gulls 
reduced their mean flight speed and tended to feed on 
prey on land rather than on prey at sea. However, 
breeding performance of gulls did not change with age. 
Therefore, older gulls might experience senescence, but 
optimize their foraging behavior in relation to their age 
to maintain breeding performance.  
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I. INTRODUCTION 
Aging is important in determining foraging 

behavior. For example, older individuals may lose the 
capacity to move efficiently, but may show improved 
foraging acquired during their extensive breeding 
experience. Revealing age-related foraging changes is 
of fundamental importance in understanding foraging 
strategy. Previous studies on age- related differences in 
behavior have been limited to seabirds that forage only 
at sea (e.g. [1]). We deployed GPS loggers and GPS-
acceleration loggers on black-tailed gulls, Larus 
crassirostris, which are terrestrial and marine foragers, 
breeding on Kabushima Island, Aomori, Japan, to 
examine whether age affected gull foraging behavior. 

II. MATERIAL AND METHODS 

A. Subjects and study site 
Black-tailed gulls (Fig. 1a) are in the Laridae 

family, and can be observed in coastal areas in Japan. 
The black-tailed gull colony on Kabushima Island 
(Hachinohe, Aomori, Japan, Fig. 1b) is one of the 
largest in Japan. Ecological research has been 
conducted on Kabushima Island since 1920. Because 
bird banders, who are certificated by Yamashina 
Institute for Ornithology, have annually ringed 
approximately 2,000 chicks since the 1970s, the 
colony includes many gulls of known age. A recent 
study demonstrated that gulls forage for anchovies at 
sea, aquatic insects in rice fields, food garbage at food 

plants and fish markets, and bread at the homes of 
local people [3].  

B. Fieldwork 
Fieldwork was conducted from April to July in 

2012–2017 on Kabushima Island. We regularly 
checked nests throughout the breeding seasons to 
record breeding performance (the number of eggs, 
broods, fledglings, and chick growth). From the 
incubating phase to the early brooding phase (from 
early May to early June), we captured adult gulls using 
snares or by hand. We attached GPS loggers (GiPSy-2 
and GiPSy-4, Technosmart, Italy)  and GPS-
acceleration loggers (Axy-Trek, Technosmart, Italy) 
on the gulls’ backs using waterproof tape (Tesa 4651, 
Tesa SE, Germany). We set GPS sampling rates at 5 
fixes/min (GiPSy-2), 30 sec/fix (GiPSy-4), 1 min/fix 
(Axy-Trek). After approximately one week, we 
recaptured tagged birds and retrieved loggers. We 
connected retrieved loggers to a PC using a cable, and 
downloaded behavioral data using special software. In 
this paper, we did not use acceleration data in the 
analysis. 

C. Data analysis 
We removed inaccurate points (Dilution of 

Precision > 7) and points that were considered too fast 
(> 70 km/h) from the GPS data. We interpolated the 
paths using piecewise cubic Hermite interpolating 
polynomial in Matlab (R2015a, Mathworks, US). We 
divided the data into each foraging trip (defined as 
movement of > 1 km, > 1 hour from the colony). We 
counted the number of points located on land for each 
trip using ArcMap (10.2, Esri, US). We defined trips 
during which gulls stayed on the land as land-based 
trips and other trips as sea-based trips. We calculated 
the following parameters for each individual: the 
number of trips, and the ratio of land-based- to total 
trips. We also calculated the following parameters for 
each trip: trip duration, total distance travelled, 
maximum range from the colony, mean speed, 
proportion of time in flight, and the numbers of 
landings/take-offs. We used Generalized Linear Mixed 
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Fig. 1.  (a) Black-tailed gulls and chicks. (b) Kabushima Island black-tailed gull colony during the incubating period. (c) Black-tailed gull 
movements recorded by GPS loggers in 2012–2017. The yellow square indicates the breeding colony location. (d) An example of acceleration 
patterns obtained from accelerometers attached to a gull. The gull was resting on land, and then the gull took off and flapped its wings in the 
air. (e) The GPS-acceleration logger attached to a gull’s back. Each color of the axes corresponds to the colors of accelerations in Fig. 1e. 
 
Models (GLMM), entering the above-mentioned 
parameters as dependent variables, age, sex and year as 
independent variables, and individual as a random 
effect, using “glmer” (involved in lme4 [4], R 
package). Finally, we selected the models with the 
lowest Akaike’s Information Criterion (AIC), using 
“dredge” (involved in MuMIn [5], R package). We 
analyesed the data using R [6]. 

III. RESULTS 

A. Data collected 
We deployed GPS loggers on 150 gulls and 

retrieved movement paths from 110 gulls. The age 
range of the gulls was 8–30 years old. We extracted 
959 trips from the data. Gulls visited both land and the 
sea (Fig. 1c). 

B. Age-related changes in behavior 
Gulls changed their foraging behavior in relation to 

age. Older gulls reduced their mean flight speed over 
the sea, the proportion of flight time during land-based 
trips, and the number of takeoffs/landings during land-
based trips. Older gulls also increased the ratio of land-
based trips. However, gulls did not change breeding 
performance in relation to their age. 

IV. DISCUSSION 
Gulls reduced their mean flight speed with age, 

indicating that they might experience senescence. 
Some bird species were found to reduce their flight 
speed with age (e.g. zebra finch, Taeniopygia guttata 
[2], this study), although others were not found to 
change their flight speed with age (e.g. wandering 
albatross, Diomedea exulans [1]). As the former and 
latter groups mainly use flapping and gliding flights, 

respectively, speed reduction with age might be caused 
by a decreased capacity for wing flapping. We are 
analyzing the relationship between age and flapping 
recorded by acceleration loggers to examine the cause 
of decreasing speed in older black-tailed gulls.  

Gulls might be reluctant to fly because of their 
senescing capacity to flap. Gulls might increase the 
proportion of land-based trip in order to reduce flight 
costs, because land-based trips (mean distance: 41 km) 
were shorter in distance than sea-based trips (mean 
distance: 130 km). Moreover, experience might make 
gulls more efficient foragers. Gulls might memorize 
the positions of immobile foraging sites. The flight 
performance of gulls decreased with age, but gulls 
could change habitats and how they move, in order to 
maintain breeding success. 

V. NEEDS 

A. Visualization of acceleration data 
 An activity recognition is a promising technique 
for automated assessment of long-term data. To 
classify activities of animals using the technique, we 
have to label the data manually. However, we often 
can not label some activities and postures from 
acceleration of wildlife (Fig. 1d, 1e), which are rarely 
observed directly in the field. There are some 
techniques to estimate postures using inertial sensors 
(e.g. [7]). We want (1) to calculate the postures of 
animals from acceleration data using the above 
techniques, and (2) to visualize the motions using 3D 
models on the display. If we could do these things, this 
would enable us not only to label animal’s motions but 
also to visualize these motions.  
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