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Abstract 

The Little tern is a migratory sea bird with a wide range, and populations found on every 

continent except for Antarctica and the continental Americas. Recently these populations have 

been experiencing a decline due to habitat degradation and human disturbance. To implement more 

comprehensive approaches to retain stable populations, dynamic conservation tactics must be 

employed. The prerequisite for this is detailed knowledge of a bird’s annual cycle, to ensure 

protection at all stages. The movement of the Taiwanese population of the Little tern has previously 

been estimated solely based on banding data.  For this reason, this project aimed to obtain a more 

detailed understanding of the movement of the Taiwanese breeding population of the Little tern 

over its yearly cycle. This was executed by utilizing geolocator tracking data from 5 individuals 

from 2 breeding grounds in the northeastern breeding site in Yilan County, Taiwan during the 2013 

and 2016 breeding periods. This allowed for the elucidation of their southbound and northbound 

migration routes, as well as the identification of stopover locations used. Results obtained were 

then confirmed with banded bird sightings from the projected regions and were then compared 

with routes of the previously tracked population in Chiba, Tokyo and Okinawa, Japan. 

 All tracked birds used the East-Asian Australasian Flyaway from the breeding grounds in 

Taiwan to arrive to non-breeding grounds in Western and South-Eastern Australia. Along the route, 

The Philippines and Eastern Indonesia were utilized as stopover sites, with the southbound 

movement lasting longer than the northbound movement. This is the first geolocator study to 

describe the routes for Taiwanese Little terns. The routes employed by the terns are used by a wide 

range of sea birds, and therefore the findings from this study can be used to identify conservation 

gaps in regions along the flyway.  
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Introduction 

1.1 Animal migration  

The phenomenon of migration can be defined as the seasonal, round trip, movement of 

organisms between locations, this is a  ubiquitous occurrence in the animal kingdom (Shaw, 2020). 

This behavior can be observed in countless genera across the globe, and is found in every category 

of ecosystem, as well as across all major vertebrate lineages (birds, fish, mammals, reptiles, 

amphibians), as well as many invertebrates (Shaw, 2016) (Hobson & Ryan Norris, 2008). When 

the earliest studies of migratory organisms occurred  over a century ago, it was believed that 

migration served  to remove excess individuals from a population (Peters et al., 2017).  Only in 

the past has migration been viewed, as David Lack describes, as “a product of natural selection,” 

expected to occur when the benefits of movement out of an area outweigh the costs (Lack, 1968).  

This movement between locations, results in migratory species being dependent on a suite of 

interconnected sites. Although categorized generally by the common need to move, migration is 

actually a broad term which may be categorized into different concepts (Hobson & Ryan Norris, 

2008), the two most known are: (1) a seasonal to-and-fro movement of populations between 

regions, which pertains to instances whereby conditions are alternately temporally  favorable or 

unfavorable (Shaw, 2020),  (2) round trip migration, also referred to as loop migration (Dingle & 

Drake, 2007)is a variation of this whereby animals return to a general breeding area from which 

they originated but may stage their movements through a succession of nonbreeding areas, and 

perhaps follow different paths on the outward and return journeys. Another widely observed form 

is one-way migration; this involves animals moving from a location where they were produced to 

another where they breed and produce the next generation before dying (Dingle & Drake, 2007), 

however this form is mainly observed in insects and marine larvae (Bauer & Hoye, 2014)
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1.2 Migratory species conservation 

As the basis for their movement involves a need for favorable sustenance, temperature or 

satisfactory breeding conditions (Bauer & Hoye, 2014), migratory species often have large 

geographical ranges. Although this extensive movement has been identified as an evolutionary 

trait developed for individual or species survival, the movements of these animals have also been 

advantageous for other species in their shared environment. For instance, Migratory species serve 

as nutrient transport, and biomass transfer within ecosystems in which they occur (Runge et al., 

2015). In addition to this, these animals are vital bioindicators and their movements and pressures 

allow for the assessment and observation of changes along major flyways and habitats. (Zöckler, 

2005). In recent years, migratory bird species in particular have often been used as gauges for 

landscape health, as these migrants are capable of altering their route in a short time, depending 

on the productivity of the site (Tankersley, 2004).  

 The dependence on more than one geographic site, has resulted in the management and 

conservation of migrants to be particularly arduous (Runge et al., 2014). This is due to the planning 

and action in circumstances such as these, requiring implementation at several locales which may 

be separated, geographically or even politically. Hence, mechanisms to conserve these species 

require dynamic and proactive approaches between nations to prove to be effective. Dynamic 

conservation strategies that tailor the delivery of habitat to when and where it is most needed can 

be critical for the persistence of species especially those with diverse and dispersed habitat 

requirements, as is witnessed in many migrant populations (Reynolds et al., 2017).  The 

implementation of dynamic conservation strategies are imperative for the maintenance of migrant 

groups, which is necessary, as migratory populations have been displaying declining trends over 

the past decade (Singh & Milner-Gulland, 2011). Of this decline, seabirds and forest birds have 
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had the most severe declines, especially in Southeast Asia (Butchart et al., 2005). The root of this 

global decline varies among case studies; however, the foundation of the issues tends to be 

anthropogenic in nature, with the leading issues being habitat loss, degradation and fragmentation 

(Lascelles et al., 2014). The previously mentioned factors synergized with contributing factors 

specifically, inadequate protection and climate change, has led to the decline of more than half of 

the migratory bird species across all major flyways in the last 30 years  (Runge et al., 2015).  

In terms of current conservation action, it has been observed that only 9% of 1451 migratory 

bird species are adequately covered by protected areas across all stages of their annual cycle 

(Runge et al., 2015). On that account, Reynolds (2017) has stated that conservationists need to 

surmount at least three substantive challenges. They must be able to (i) predict where the species 

will be over the course of their annual cycle, (ii) identify areas that are suitable for the species or 

that can be modified to make them suitable, and (iii) create cost-effective mechanisms to ensure 

that the habitat will be there when the species arrive (Reynolds et al., 2017). This demonstrates 

that a comprehensive knowledge of a species and its whereabouts is a prerequisite in order to 

effectively improve its conservation, as the limited knowledge of the distribution, abundance, and 

habitat associations of migratory species hinders effective conservation actions  (Runge et al., 

2015).  

Although efforts to amass these key details of a specie’s life cycle has presented complications 

due to their dynamic movement, it is especially difficult to elucidate in marine migratory species 

as theirs is more enigmatic in nature. Migratory marine species or “MMS” include organisms such 

as marine mammals, seabirds, turtles, sharks, and tuna, many of which are now among the most 

vulnerable due to the diverse range of pressures they encounter during their extensive movements 

(Lascelles et al., 2014).  
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1.3 Tracking migratory seabirds 

Tracking migratory animals has involved numerous tactics over the years, however,  until 

very recently all approaches involved the use of externally placed passive markers (Hobson, 2008). 

These are applied to individuals with the objective of those same individuals being located 

elsewhere at a later period, or the use of recognized phenotypic traits that showed known 

geographic variation (Hobson & Ryan Norris, 2008). For birds, geographic variation in plumage 

and other morphological traits have been used to describe migratory connectivity,  these however 

have been found to be ineffective in many bird species with wide ranges and can lead to biased 

conjectural routes (Bairlein, 2001).  

In contrast, active extrinsic markers are those that send out signals that can be intercepted 

with a suitable receiver device (Viljoen et al., 2016). Advances in tracking technology have 

allowed the placement of devices on migratory animals to be more widely applied. This is because 

any signal-transmitting tracking tool on an animal must be small enough that the animal can carry 

it without difficulty while also performing the same task as larger trackers, this requires an 

immense amount of power. Different tracking technologies can be classified either by the way they 

derive location data or by the way in which we obtain the data (Bridge et al., 2011).  

The progression of modern miniaturized data loggers has revolutionized the study of seabirds 

when away from their breeding colonies (Robertson et al., 2012). Currently, the smallest devices 

capable of detecting and logging position information are geolocators, which use changes in 

ambient light levels to estimate the times of sunrise and sunset, from which latitude and longitude 

can be calculated (Burger & Shaffer, 2008). The development of geolocators weighing only 2.0g 

- 1.5 g allowed their use for the first time on seabirds as small as terns (Egevang et al., 2010). 

Kürten (2019) has demonstrated that geolocators can be used to study migratory behavior on small 
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seabirds without causing problems or introducing bias. This has allowed for researchers to generate 

information about connectivity between frequented areas (breeding, stopover and nonbreeding 

grounds), which can then guide future conservation interventions, especially regional populations 

(Faaborg et al., 2010).  

1.4 Little tern (Sternula albifrons)  
 
The Little tern (Sternula albifrons) is the only member from Laridae family currently found 

in Taiwan (Lin & Pursner, 2021), it is a colonially breeding seabird with an extensive range 

(Medeiros et al., 2007). Deterred by vegetation, these birds nest in open sand and gravel habitats; 

particularly near coastal regions and along riverbanks when found inland (Noreikiene et al., 2012).  

They are also common estuarine birds, and are known to forage in closer proximity to the breeding 

colony in comparison to other terns (Catry et al., 2006). Due to the preferred habitats used by the 

species, they are subject to risks caused by rising sea levels due to climate change (Noreikiene et 

al., 2012).  

There are currently four main subspecies: S.albirfons albifrons, S. albirfons guineae, S. 

albirfons placens, and S. albirfons sinensis (Avibase, 2023), with the subspecies S. albifrons 

sinensis found in Eastern Asia and Australia (BirdLife International, 2023). Although listed as of 

‘Least Concern’ according to the IUCN Red List (BirdLife International, 2018), due to the 

worldwide issue of decreasing coastal areas, which serve as the birds’ habitat, the number of 

individuals has been dwindling year by year (Pakanen et al., 2014) (BirdLife International, 2018). 

This has led to the species currently being categorized as ‘Endangered’ in New South Wales, 

Australia (Biodiversity Conservation Act, 2023) and Critically Endangered in Victoria, Australia 

(Flora and Fauna Guarantee Act Threatened List, 2023). In Taiwan, where some populations 

reside along the coast for their breeding period, they are listed as ‘Near Threatened’, along with a  
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declining population trend (Lin & Pursner, 2021). The Taiwanese breeding populations are found 

in the coastal counties of Yilan, Hualien, Taoyuan, Hsinchu, Zhanghua, and Jiayi as well as the 

offshore islands of Matsu and Penghu (NTU Biodiversity Center, 2020). At the northeastern 

breeding site in Yilan, Taiwan the current population had a maximum count of 88 individuals in 

2021 and 753 individuals in 2022  between April and July collectively among the estuaries of 

Lanyang, Xincheng, and Nanou (NTU Forest Department, 2023). In a genetic analyses conducted 

by Kong (2023) it was found that there is a high level of connectivity between individuals of the 

Taiwanese Little terns, with little to no population structure. It was also revealed that there was 

not significant genetic variation between the western and eastern sides of the country (Kong, 2023), 

which suggests that the migratory routes and nonbreeding grounds utilized by the Little terns along 

the eastern coast is also used by the individuals along the western coasts.  

As conservation approaches for managing migratory species are becoming more dynamic 

(Reynolds et al., 2017), in order to properly conserve this marine bird more needs to be understood 

about its whereabouts throughout its annual cycle. Currently, studies on the annual cycle of the 

Little tern have mainly been conducted on the breeding populations in Japan.  Fujii (2016) reported 

that individuals of the Tokyo, Chiba and Okinawa breeding population migrate to Australia, using 

Taiwan, Papua New Guinea, Indonesia, and the Philippines as stopover sites. It has been recently 

found that the Okinawa population shows a closer relation to the Taiwanese population than other 

Japanese populations, suggesting the gene flow may be due to a shared nonbreeding ground (Kong, 

2023). However, there is currently little information known about the migratory routes of the 

Taiwanese breeding population of the Little Tern.  

 

 



doi:10.6342/NTU202303015

 

 7 

Research Objectives 

Overall, this study aims to elucidate the migration routes of Little tern individuals breeding 

in Taiwan and to describe their migration behavior in order to expand upon previously acquired 

knowledge of their annual cycle. This involves: (1) to map the southbound and northbound 

migration routes of the tagged Little terns by modelling movement data from ambient light-level 

readings collected by geolocator loggers, and (2) to describe the phenological migratory behavior 

of the tagged Little tern (Sternula albifrons) individuals.  

I hypothesized that (1) individuals would utilize coastlines and use Australia as the primary 

nonbreeding grounds, as was observed in the previously studied East-Asian individuals in Japan, 

and (2) there would not be much variation in phenological migratory behavior between the tagged 

Little tern (Sternula albifrons) individuals.   
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Methodology 

2.1 Field Methods 

Geolocator attachment and retrieval  

The field work aspect of the study was performed in the northeastern region of Taiwan by 

project collaborators during the summer breeding period (June and July) over the course of the 

2012 and 2016 breeding seasons. Bird capture and banding occurred at two study sites: the 

Lanyang Estuary (24.7021°N, 121.7378’E) and Xincheng Estuary (24.631762°N, 121.849314’E) 

in Yilan County of New Taipei City (Figure 1). Both sites were chosen due to having been 

previously recorded as regularly used breeding sites of individuals of the species.  

Captures were performed with tent spring traps using active nests, whereby the track is 

triggered when the parents return and sit on the nest.  A total of 18 birds were trapped, weighed 

and ringed, then fitted with light-level geolocators (MK5090, Bio track Ltd. and Intigeo-P65, 

Migrate Technology Ltd.). The tracking apparatus included a metal ring ID which was fitted unto 

the tarsus of each bird along with an engraved flag and geolocator (Figure 2), the total mass of 

each assembled apparatus was within a range of 0.9g-1.0g, which is in accordance with 

international guidelines stating that the mass should not exceed 3% of the bird’s body mass (Weiser, 

2016). Two types of geolocators were used: Bio track and Migrate Technology.  

Although collectively 18 birds were deployed with geolocators, only 6 geolocators were 

retrieved (33% of tagged birds), only 5 of which recorded comprehensive annual flight data (27% 

of tagged birds). Of the data retrieved, one data set was acquired from the 2012-2013 flight cycle 

(G01), while four were acquired from the 2016-2017 cycle (V409, V410, V412, V413).  
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2.2 Data Analysis 

After the data loggers were retrieved, the data was downloaded, the Bio Track model 

MK5090 and Migrate Technology model Intigeo-P65 geolocators, recorded light intensity every 

two minutes and every five minutes, respectively. Five out of six of the recovered geolocators 

contained usable light recordings for analysis, one individual from the 2013 period and four from 

the 2016 period. The light level data obtained was analyzed by employing the “Threshold” Method 

(Figure 3), which is the most widely used light analyses methods for light level migratory analyses 

(Lisovski et al., 2012, 2020), using R version 4.2.2 (R: The R Project for Statistical Computing, 

2023). This approach allows for different datatypes to be analyzed based on individually 

designated thresholds (Lindström et al., 2015).  

This  process commenced with the defining of twilight events, which is the time  whereby  

light levels pass a predetermined threshold that divides day time from night time (Bråthen et al., 

2021; Lisovski et al., 2020). In this case, there was a period of inspection to determine potential 

“false twilights”, which would interfere with the subsequent processes. These “false twilights” can 

be produced by shading due to the environmental factors or perching during the day, causing a 

false night time reading or exposure to bright artificial light during the night time which may 

produce a false day time reading (Bindoff et al., 2018; Lindström et al., 2015). This was followed 

by extracting the times of sunset and sunrise by using a light level threshold of 2 (Figure 4). Once 

obtained, these sunset and sunrise periods are equated to the duration of one day, then a blunt 

position estimation is produced based on the location where the bird was during this change in 

light intensity (Lisovski et al., 2020).  

A median sun elevation angle was obtained by executing a calibration procedure, based on 

the light intensity recordings when located at  the release and re-capture site (Lisovski et al., 2020). 
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This was followed by an estimation of locations using the “GeoLight” package (Lisovski et al., 

2020), in order to understand the general movements which were made. Near the autumn and 

spring equinoxes (March 20th-22nd, September 21st- 24th), the positions were assessed individually  

as these time periods are known to produce error, due to the change in designated sun angles 

(Ekstrom, 2004).  

The Hill-Ekstrom calibration was then conducted, this allows for the identification of the 

stationary periods by using the reference sun elevations produces in the previous calibration period 

(Lisovski et al., 2012). With these generalities understood, the movement analysis was performed, 

this is done by employing the “changeLight” function (Lisovski et al., 2020). This function allows 

for the definition of stationary periods, in this case a minimum of 3 days was equated to a stopover 

period, this allowed for movement and residency phases to be distinguished. The “mergeSite” tool 

is then used to merge consecutive sites that may be have been separated by twilight errors, to do 

this it employs a maximum likelihood fit (Lisovski et al., 2012), this allowed for the production of 

rudimentary maps. 

 Following the elucidation of the potential routes, including the stopover and nonbreeding 

grounds, the likelihood of these locations was confirmed using citizen science websites such as 

ebird.com which established the occurrence of migrating individuals in Indonesia and the 

Philippines (Fink et al., 2022); 10000birds.com which reported Taiwanese banded individuals on 

the shores of Southern Australia (Clare, 2015), and inaturalist.org which confirmed the occurrence 

on the  Eastern Philippine coasts and Indonesian Islands (iNaturalist, 2023). This was done to 

ensure that the species had been observed in the projected locations. Next, local news reports of 

bird sightings were used such as The Taipei Times (The Taipei Times, 2012) and Focus Taiwan 
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(Focus Taiwan, 2012), which stated that the Taiwanese banded birds were found in the projected 

nonbreeding grounds. 

 The Victoria Wader Study Group through personal communication which has stated on 

their database sightings and recordings of Taiwanese Little terns near their coast. This was 

followed by confirming sightings of banded individuals using their website database “BirdMark”, 

which uses banding data to visualize the frequented locations of marked birds (Deakin University, 

Australia, 2022).  This enabled a confirmation of the utilization of the coast of  Eastern and 

Western regions of Australia as non-breeding grounds for individuals from the Northern Taiwan 

region (Deakin University, Australia, 2022). After the estimations were confirmed, the primary 

maps developed using R software and the generated coordinates were used to developed more 

comprehensive maps for better data visualization to portray the movement of the terns by using 

QGIS Software version 3.30.3 (QGIS Development Team, 2023).  
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Results 

Previous researchers recovered six out of eighteen deployed trackers, which allowed for 

the documentation of a full one-year migration cycle of each post-breeding bird. Complete 

migratory schedule and routes were obtained for five individuals, the details of the geolocators 

tags and attachment information of the retrieved individuals are archived in Table 1.  

3.1 Migration Phenology 

Loggers recovered recorded data for an average of ± 342 days for all birds. All individuals 

departed the breeding grounds during the summer in late June, July, or August, as seen in Figure 

31. The mean duration of migration to the nonbreeding grounds was ± 48 days, with an average   

±18 day observed as the stopover period for the individuals (Table 2). For the northbound 

migration the return began in March and April for most birds, while V412 began in early January 

(Figure 32). The mean duration of migration to the breeding grounds was less than that of the 

previous migratory movement, at only  ± 34 days, with an average ± 11 days observed as the 

stopover period for the individuals (Table 2).   

3.2 Migratory routes 

All five Little terns traveled along the East Asian-Australasian Flyaway (Figure 25 ). The 

routes used by birds from Xincheng Estuary and Lanyang Estuary were similar in pattern for both 

the individual tracked in 2013-2014 period and the individuals tracked in the 2016-2017 period 

(Figure 25). For the southbound migration the terns flew over the Pacific Ocean and utilized 

Southeast Asian coasts until the arrival at the Australian coasts. All birds had stopovers in either 

the coasts of The Philippines or an Indonesian island (Figure 25). Although the birds were all 

located in similar sites in Taiwan during the breeding season, they did not all arrive in the same 

region of the nonbreeding grounds. Instead, the birds used two main routes; V409 (Figure17) and 
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V410 (Figure 19), which were breeding pairs in the 2016 breeding season, stayed in Eastern 

Australia near the state of Victoria, about 4437 miles from the breeding grounds. Meanwhile, G1 

(Figure 15), V412 (Figure 21) and V413 (Figure 23) used along the coasts of northern and eastern 

Western Australia, an estimated 3,547 km from the breeding grounds. The birds were all observed 

to mainly utilize coasts during the migratory journey, however there were brief stages over land 

throughout the passage, with brief stationary periods near inland waterbodies. Along the journey, 

the birds flew to stopover locations along the coasts of Indonesia and the Philippines, which is 

about 2,800 miles and 1,925 miles from the nonbreeding grounds respectively.  

For the northbound migration, all birds returned to the initial breeding grounds. Along the 

route the individuals used a similar directional movement, utilizing the same stopover locations, 

the Philippines and Indonesia. As displayed in Figure 29, the birds mainly visited the Philippine 

coasts, especially in the northern and western regions. In Indonesia the birds displayed a 

widespread range, with the most frequented areas being near West Papua and the Maluku Islands 

(Figure 30).  

 

 

 

 

 

 

 

 

 



doi:10.6342/NTU202303015

 

 14 

Discussion 

 The results of this study display the annual cycle of the geolocator tagged Little terns from 

the breeding grounds in northeastern Taiwan to their non-breeding grounds in Australia. It reports 

that the birds utilize the East Asian-Australian Flyaway from Taiwan to Australia, flying mainly 

along the coasts. Along the route, the birds had stopover periods in Indonesia and The Philippines 

for both stages of the migration. Pertaining to the southbound migration, many of the Little terns 

left the breeding grounds in July and August, then arrived at the non-breeding grounds in 

September and October, ending the northbound migration.  Meanwhile for the northbound 

migration, the depart began on average in March and April, ending in April and May in Taiwan 

once again. In terms of the duration of both voyages, the southbound flight took longer to complete, 

and had shorter stopover periods.  

4.1 Stopover Behavior  

 The birds in this study and previous eastern Pacific Little terns were all observed to use 

stopovers between the breeding and non-breeding grounds. The stopover sites are locales which 

serve as refueling, resting sites for the birds during their migratory excursion (Warnock, 2010) 

(Schmaljohann & Eikenaar, 2017). This may occur because the individuals do not possess 

sufficient storage of energy to cover the long distances, this behavior is particularly common after 

a large ecological barrier is crossed (Bounas et al., 2023). Studies have also found that stopovers 

can also serve as physiological recovery period for migratory birds, to heal from injuries or 

conditions suffered along the course of  the previous flight namely organ recovery, muscle repair, 

etc.  (Guglielmo et al., 2001)(Schmaljohann et al., 2022).  

The Philippines and Indonesia served as the stopover locations for the tracked Little terns 

in both study periods (2013-2014, 2016-2017) included in this research, and was also utilized in 
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some capacity by both the mainland and Okinawa Japanese individuals (Fujii et al., 2016). Both 

jurisdictions act as major stopover locations as a part of the East-Asian Australasian Flyaway, with 

the Philippines receiving about 500,000 waterbirds annually (Biodiversity Management Bureau 

Staff, 2021) and Indonesia receiving about 20,000 waterbirds annually, although literature is 

lacking in Indonesia in terms distributional records (Mundkur, 2007) (Crossland et al., 2006) and 

in the Philippines the literature is limited (Putra et al., 2017) . 

4.2 Migration Strategy Variations  

 There was variation observed in the timing of commencement and conclusion for the 

migration (Table 2).  An early departure from the non-breeding grounds was observed in V412, 

which was about 32 days prior to the departure of the remainder of the tracked individuals. 

Previous studies have reported that migratory males with higher quality phenotypic traits tend to 

be the earliest arrivals (Velmala et al., 2015). However, due to the lack of sex identification of the 

tagged birds, this cannot be assumed as a contributing factor for this early departure of V412. In 

addition , recent developments in migration phenology research has discovered that an 

advancement in migration timing is a recent reoccurring trend in migratory populations over the 

last decade, this involves an  early arrival at the breeding grounds  and an early departure from the 

non-breeding grounds, due to changing climate which allow the breeding grounds to have optimal 

conditions earlier (Gill et al., 2014)(Lawrence et al., 2022)(Zimova et al., 2021)(Chambers et al., 

2014)(Miller-Rushing et al., 2008). However, currently there is lack of evidence to definitively 

conclude the cause of this early departure.  

It was also observed that the duration of the southbound migration from breeding grounds 

to nonbreeding grounds was longer in comparison to the northbound migration from non-breeding 

grounds to breeding grounds. This is a commonly observed behavioral pattern among migratory 



doi:10.6342/NTU202303015

 

 16 

seabirds (Bayly & Gómez, 2011)(Carneiro et al., 2019)(Schmaljohann, 2018), and is hypothesized 

to be due to the lower pressure required for site selection upon arrival at the non-breeding grounds. 

Meanwhile, the site selection process following the arrival at the breeding grounds entails a greater 

level of discernment between quality spots, as a higher quality breeding grounds has been 

documented to increase the  breeding success (Morrison et al., 2019). 

4.3 Drivers of route choice 

 The migratory route or network choice can have severe implications on an individual’s 

fitness (Sawyer et al., 2019), this had led researchers to infer about the factors which an individual 

relies on over the course of the route selection process. In the study conducted, the birds utilized 

two regions of Australia: namely, Western Australia and Victoria. All five tracked terns displayed 

a preference for the same route for both journeys. According to, recent studies the route choice is 

mainly due favorable environmental conditions along the corridor, as this has been observed in 

various species (Purcell & Brodin, 2007)(Sawyer et al., 2019)(Goodenough & Patton, 2019). The 

key environmental factors viewed as most significant are ocean surface winds and temperature, 

which functions as a critical variables in the timing of the flight (Carneiro et al., 2020)(Hensz, 

2015)(Felicísimo et al., 2008).   

The southbound migratory terminal is the nonbreeding grounds, Australia. This choice has 

been found to be influenced by food resources available and upwellings in the area (Hensz, 2015) 

(Raymond et al., 2010). Little terns have a diet similar to most terns, namely small fish, crustaceans 

and insects (Brenninkmeijer et al., 2002)(Catry et al., 2006)(Cramp, 1985). The Australian states 

of Western Australia and Victoria which the birds utilized act as nonbreeding grounds for about 

16 species of migratory shorebirds (Surman & Nicholson, 2009) and more than 30 species (State 

Government of Victoria, 2019) respectively. Landscape surveys have shown that the seagrass and 
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algae beds as well as high rates of tidal exchange in these areas, especially near sandflats serve as 

suitable habitats for small sized fish and crustaceans, which are the preferred diet of the species 

(Chafer & Brandis, 2006).  

As for the Little terns not included in the study, as well as the 12 individuals that were not 

able to be recaptured, it is likely that Australia is also used as a nonbreeding site, as there is no 

distinct population division (Kong, 2023). However as displayed in Figure 33, Little terns of the 

East Asian Australasian region may also use Papua New Guinea, Indonesia, Singapore, and 

Malaysia as nonbreeding sites (BirdLife International, 2023). 

4.4 East Asian Australasian Flyway and Conservation Implications 

The East Japanese population was found to migrate to southeastern Asia and southeastern 

Australia, while the Okinawa population was found to migrate to northwestern Australia and 

northeastern Australia. This similarity between both populations strongly suggests that this may 

be the main migration routes used by this sub-species of the Eastern Pacific region. During the 

voyage, the birds all utilize the East-Asian Australasian Flyway, this  encompasses the region from 

Russia to New Zealand, and incorporates over 37 countries (Yong et al., 2018), this pathway serves 

as  one of the major flyways used by migratory birds. More specifically, it is used by 500 million 

migratory waterbirds (Eaaflyway, n.d.) and has more than a notable 400 sites of importance 

(Bamford et al., 2008). Amongst the birds utilizing this path, is the recently studied Japanese 

breeding population of the Little tern (Fujii, 2016). The observance of individuals of both East 

Asian populations across this flyaway renders the species vulnerable to potential environmental 

changes in locales along this route, as any disturbance  along the migratory pathway may cause an 

effect on the individual (Goodenough & Patton, 2019)(Schuster et al., 2019). Although highly 

employed, this ecological corridor also faces a deal of threats, the most prominent of which is 
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habitat loss and degradation (Yong et al., 2018). While conservation efforts have been increasing 

in the East-Asian region, namely Japan, Korea, and Taiwan, in response to higher rates of 

population decline of bird species, there has been conservation gaps, knowledge gaps and a lack 

of coastal governance and management in the South-East Asian region, which the terns frequent 

as stopover sites along their migration (Szabo & Mundkur, 2017)(Yong et al., 2022). These 

jurisdictions are critical for the management of the species, as they utilize these locations when 

they require sufficient energy in a short period, while avoiding conflict due to predators and 

competition with other species (Moore et al., 2005)(Schmaljohann et al., 2022).  

Therefore while the  current conservation efforts have been constructive, researchers have 

discovered that 91% of migratory birds are not receiving adequate coverage of their range, which 

increases their exposure to potential  threats in a portion of their annual cycle; which in turn affects 

population dynamics (Runge et al., 2015)(Conklin et al., 2021). Evidence of the cost to population 

was described by Studds (2017) whereby birds dependent on Yellow Sea tidal mudflats as a 

stopover declined up to 8 percent per year as the habitat experienced threats. This displays the need 

for an increase in enforcement in more jurisdictions along an avian migratory route. In the case of 

the tracked terns in this study, the wide range visited in Australia poses an issue since wider ranges 

are more difficult to manage; however, the East Asian Australasian flyaway currently has 

objectives to conserve on a wider ecosystem scale (Eaaflyway, n.d.). In order for this wide scale 

protection to be achieved, there needs to be a strengthening of participation in order to establish 

collective commitments to the conservation targets for the conservation of migratory species and 

allow for better organizing by increasing multilateral agreements and international collaboration 

(Szabo et al., 2016)(Hays et al., 2019)(Rueda-Uribe et al., 2021).  
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4.5 Concerns and Future Research 

 Whilst the routes and stopover areas have been successfully described, this study is to serve 

as a foundational elucidation of the migration routes of the Taiwanese Little tern (Sternula 

albifrons) individuals. This is because the geolocators employed to document the migration of the 

Little tern possesses a spatial accuracy of ~200 km (Halpin et al., 2021). For this reason, geolocator 

tracking allows for blunt, less precise location data in comparison to more sophisticated tracking 

devices, such as satellite markers and GPS trackers (Kralj et al., 2020). This results in the findings 

of geolocator studies to be subject to uncertainty (Lisovski et al., 2018).  

Additionally, while geolocators have been found to have minimal effects on study 

specimen (Bridge et al., 2011), it has been found that geolocator attachment affects return rate 

(Taff et al., 2018). This contributes to the recapture difficulty common in geolocator studies, this 

study similarly to other geolocator based studies only represents a small portion of the overall 

Little tern population of Taiwan. As a result concerns of inadequate sample size must be noted, 

which in turn causes aspects of the migration ecology such as site fidelity, individual response and 

migration tactics not being able to be comprehensively described. Subsequent studies should also 

be performed with a prerequisite sex identification to identify the dependence of sex on route 

choice and phenology. This study was not able to display migratory route fidelity, due to the short 

study period. However migratory route fidelity is a previously observed  trait in  the Sternula genus, 

such as in the Least tern (Atwood & Massey, 1988) and in larger terns of the greater Laridae family, 

such as the Gull-billed tern (Goodenough & Patton, 2019). There was also consistency seen in the 

stopover sites used among the individuals, which is observed as a common trait in avian migrants 

(Merkel et al., 2021).This is regarded as a successful migratory behavior as a level of consistency 
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in route choice can enhance survival, migration efficiency and avoided risk (Cantos & Tellería, 

1994).   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



doi:10.6342/NTU202303015

 

 21 

Conclusion 

In summary, the primary goals of this thesis were to identify the migration routes used by 

individuals of the Little tern (Sternula albifrons) breeding population in Taiwan and to describe 

variation in migration behavior, in order to contribute towards a greater comprehensive 

understanding of their migration ecology. Specifically, it displayed how members of the breeding 

population, similarly to individuals of the Japanese population journey to Australia for its non-

breeding period. In doing so, they utilized the coasts of the Philippines and Indonesia as major 

stopover sites for feeding and rest. In addition to this, it displayed that although the birds share the 

same breeding grounds, they conclude the southbound migration at different regions of the 

nonbreeding grounds, estimated to be the coasts of the Australian states: Western Australia and 

Victoria.  

Previous migration studies of this species had only tracked individuals of the Japanese 

mainland and Okinawa populations. This study serves as one of the first records of the migratory 

ecology of the only member of the Laridae family which possesses a breeding population in 

Taiwan. This thesis has demonstrated how modern tracking technology allows necessary insight 

into the migratory movements of migrants in previously inaccessible environments.  
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Appendix 

 

Figure 1. Map of Taiwan displaying two breeding grounds in Yilan County used as sampling 

locations for the 18 Little tern individuals that were trapped and tagged including:  

Lanyang Estuary (24.709970, 121.833073), and Xincheng Estuary (24.632,121.849314) 

created using QGIS v. 3.30.3. 
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Table 1. Identification Numbers and Model Details of geolocator loggers recovered in Yilan 
county, along with dates of application and recovery.1 geolocator was recovered in the 2014 
breeding period and 4 were recovered in the 2017 breeding period.  

 

 

 

Logger 

ID 

Brand Location Model Application 

Time 

Retrieval Time 

G01 Bio track Lanyang 

estuary 

MK5090 2013-6-29 2014-06-07 

V409 Migrate 

Technology 

Xincheng 

estuary 

Intigeo-

P65 

2016-06-21 2017-06-06 

V410 Migrate 

Technology 

Xincheng 

estuary 

Intigeo-

P65 

2016-06-21 2017-06-06 

V412 Migrate 

Technology 

Lanyang 

estuary 

Intigeo-

P65 

2016-07-03 2017-05-30 

V413 Migrate 

Technology 

Lanyang 

estuary 

Intigeo-

P65 

2016-07-03 2017-05-30 
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Figure 1. Retrieved geolocator V409. Picture on the left displays anterior view and picture on 
the right displays posterior view.  

 

 

 

 

 

 

Figure 2. Flow chart displaying key steps in the methodology applied for the Threshold methods 
to analyze the light level data obtained from the geolocator loggers.  
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Figure 3. Twilight annotations after removing false twilights, displaying sunrises in orange and 
sunsets in blue over the course of eleven months in 2013 according to light level data obtained 
from G01 geolocator logger.  
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 Figure 4. Estimated movement of G01 obtained following the execution of the twilight 
annotations of  light level data.   
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Figure 5. Estimated movement of G01 following the first round of calibrations and location 
estimations of light level data.  
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Figure 6. Estimated movement of V409 obtained following the execution of the twilight 
annotations of light level data.   

 

 

 

 

 

 

 

 

 

 

Figure 7.  Estimated movement of V409 following the first round of calibrations and location 
estimations of light level data. 
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Figure 8. Estimated movement of V410 obtained following the execution of the twilight 
annotations of light level data.   

 

 

 

 

 

 

 

 

 

Figure 9. Estimated movement of V410 following the first round of calibrations and location 
estimations of light level data.   
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Figure 10. Estimated movement of V412 obtained following the execution of the twilight 
annotations of light level data.     

 

 

 

 

 

 

 

 

 

 

Figure 11.  Estimated movement of V412 following the first round of calibrations and location 
estimations of light level data.   
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Figure 12. Estimated movement of V413 obtained following the execution of the twilight 
annotations of light level data.   

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Estimated movement of V413 following the first round of calibrations and location 
estimations of light level data. 
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Figure 14.  The southbound migration of the Little tern G01 displayed using the locations 
generated from the movement analysis. This movement commences in the breeding grounds in 
Taiwan and concludes in the nonbreeding grounds in Australia, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, orange dots display stopover 
locations, and the blue dot displays the terminal stop at the nonbreeding grounds.  
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Figure 15.  The northbound migration of the Little tern G01 displayed using the locations 
generated from the movement analysis. This movement commences nonbreeding grounds in 
Australia and concludes in the breeding grounds in Taiwan, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, yellow dots display stopover 
locations, and blue dot displays the terminal stop at the breeding grounds.  
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Figure 16.  The southbound migration of the Little tern V409 displayed using the locations 
generated from the movement analysis. This movement commences in the breeding grounds in 
Taiwan and concludes in the nonbreeding grounds in Australia, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, orange dots display stopover 
locations, and the blue dot displays the terminal stop at the nonbreeding grounds. 
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Figure 17.  The northbound migration of the Little tern V409 displayed using the locations 
generated from the movement analysis. This movement commences nonbreeding grounds in 
Australia and concludes in the breeding grounds in Taiwan, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, yellow dots display stopover 
locations, and blue dot displays the terminal stop at the breeding grounds. 
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Figure 18.  The southbound migration of the Little tern V410 displayed using the locations 
generated from the movement analysis. This movement commences in the breeding grounds in 
Taiwan and concludes in the nonbreeding grounds in Australia, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, orange dots display stopover 
locations, and the blue dot displays the terminal stop at the nonbreeding grounds. 
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Figure 19.  The northbound migration of the Little tern V410 displayed using the locations 
generated from the movement analysis. This movement commences nonbreeding grounds in 
Australia and concludes in the breeding grounds in Taiwan, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, yellow dots display stopover 
locations, and blue dot displays the terminal stop at the breeding grounds. 
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Figure 20.  The southbound migration of the Little tern V412 displayed using the locations 
generated from the movement analysis. This movement commences in the breeding grounds in 
Taiwan and concludes in the nonbreeding grounds in Australia, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, orange dots display stopover 
locations, and the blue dot displays the terminal stop at the nonbreeding grounds. 
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Figure 21.  The northbound migration of the Little tern V412 displayed using the locations 
generated from the movement analysis. This movement commences nonbreeding grounds in 
Australia and concludes in the breeding grounds in Taiwan, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, yellow dots display stopover 
locations, and blue dot displays the terminal stop at the breeding grounds. 
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Figure 22.  The southbound migration of the Little tern V413 displayed using the locations 
generated from the movement analysis. This movement commences in the breeding grounds in 
Taiwan and concludes in the nonbreeding grounds in Australia, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, orange dots display stopover 
locations, and the blue dot displays the terminal stop at the nonbreeding grounds. 
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Figure 23.  The northbound migration of the Little tern V413 displayed using the locations 
generated from the movement analysis. This movement commences nonbreeding grounds in 
Australia and concludes in the breeding grounds in Taiwan, according to analyzed light level 
geolocator data. The light green dot displays the breeding grounds, yellow dots display stopover 
locations, and blue dot displays the terminal stop at the breeding grounds. 
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Figure 24. The southbound migration of the tagged Little terns (G01, V409, V410, V412, V413) 
traveling between the breeding grounds in Taiwan to the non-breeding grounds in Australia 
according to analyzed light level geolocator data. Green dots display the breeding area, orange 
dots display stopover locations in Southeast Asia and Northern Australia, and blue dots display 
nonbreeding grounds.  
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Figure 25. The northbound migration of the tagged Little terns (G01, V409, V410, V412, V413) 
traveling between the nonbreeding grounds in Australia to the breeding grounds in Taiwan 
according to analyzed light level geolocator data. Green dots display the breeding grounds, 
yellow dots display stopover locations in Southeast Asia and Northern Australia, and blue dots 
display nonbreeding grounds. 
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Figure 26. Map of the East-Asian Australasian region highlighting the major locations of interest 
for the five tracked Little tern individuals utilized during the annual cycles of 2013-2014 period 
(n = 1) and 2016-2017 period (n = 4). Yellow illustrates the stopover locations in The 
Philippines, Indonesia, and Northern Australia, and red illustrates the non-breeding grounds.  
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Figure 27. Regions of Southeast Asia utilized as stopover locations for the five tracked Little 
tern individuals utilized during the annual cycles of 2013-2014 period (n = 1) and 2016-2017 
period (n = 4). The birds primarily visited the Philippines and Indonesia.  
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Figure 28. Regions of the Philippines utilized as stopover locations for the five tracked Little 
tern individuals utilized during the annual cycles of 2013-2014 period (n = 1) and 2016-2017 
period (n = 4).  

 

 

 

 

 

 



doi:10.6342/NTU202303015

 

 61 

Figure 29. Regions of Indonesia utilized as stopover locations for the five tracked Little tern 
individuals utilized during the annual cycles of 2013-2014 period (n = 1) and 2016-2017 period 
(n = 4).   
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Table 2. Migration phenology: mean timing of arrival at nonbreeding and breeding grounds, 
duration at nonbreeding grounds, and migration timing for the Little tern individuals from the 
breeding population in northeastern Taiwan in Yilan County along the average 5,614 km 
trajectory.  

 Mean ± Range 

Commence south migration  August 4th  July 14th – August 25th  

Duration of south migration ± 48 days 34 – 67 days  

Stopover time ± 18 days 8 – 29 days  

Arrive at non-breeding location September 23rd  September 4th – October 13th 

Duration at non-breeding location ± 170 days 91 – 212 days 

Commence north migration February 23rd  January 3rd- April 15th  

Duration of north migration ± 34 days  28 – 45 days  

Stopover time ± 11 days 4 – 22 days  

Arrival at breeding grounds March 23rd  February 2nd - May 12th  
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Figure 30. Month of migration commencement and conclusion for the southbound migration of 
the tagged Little terns. All terns commenced the southbound migration between June and August 
then concluded between September and October.  
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Figure 31. Month of migration commencement and conclusion for the northbound migration of 
the tagged Little terns. All terns commenced the northwards migration between January and 
April, then concluded between February and May.  
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Figure 32. Little tern (Sternula albifrons) distribution map displaying regions of breeding, 
nonbreeding, and residency (source: BirdLife International, 2023)  

 

 




