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Abstract
The Red-headed Wood Pigeon Columba janthina nitens is an endemic and endangered 
subspecies of the Ogasawara Islands. This pigeon moves irregularly among island habitats. 
However, its range and patterns of movement, particularly between the Bonin and the Volcano 
Islands, which are two remote islands groups approximately 150 km apart, remain unclear. In the
present study, we conducted a survey on the uninhabited Kita-Iwojima Island of the Volcano 
Islands to collect direct evidence of pigeon movement between the two island groups and to 
reveal their food resource availability. Pigeon food composition was also analyzed. During the 
study period in Kita-Iwojima, we observed two individuals banded in Chichijima in the Bonin 
Islands. Food composition was estimated by fecal DNA analysis and compared to a fruit census 
of Kita-Iwojima, which differed from fruits observed in two monitored islands of the Bonin 
Islands: Chichijima and Hahajima. The pigeons might move among these islands to use the 
available food resources, reflecting limitations of food resources in a single island habitat. The 
fruits detected in the feces of the pigeons on Kita-Iwojima were not from plants observed on the 
island but rather derived from plants observed on Chichijima and Hahajima, likely indicating the 
high movement capacity of the pigeons among the islands. However, the foraging habitat of the 
Red-headed Wood Pigeon is limited to areas of low elevation in Kita-Iwojima despite apparent 
food sources at higher elevations. Therefore, factors beyond food abundance, such as 
geographical features, might affect the habitat use of pigeons on the island.
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Introduction

Oceanic islands in the Asia-Pacific have a large diversity of species of Columbiformes (Walker 

2007) and also have a high number of threatened species (22 species, 37% of all threatened 

Columbiformes). Island Columbiformes are designated as a high conservation priority, but their 

ecology is not sufficiently understood. Some island Columbiformes move among islands (Gibbs 

et al. 2001), and this inter-island movement might reflect the search for food as a result of a 

restricted island habitat (Ando et al. 2016, Gibbs et al. 2001). However, studies concerning the 

movement patterns of these pigeons relative to food selection are rare, reflecting difficulties in 

achieving continuous observation in forest habitats, particularly in remote uninhabited islands. 

The Red-headed Wood Pigeon, Columba janthina nitens, is an endemic subspecies of the 

Ogasawara Islands, a chain of subtropical oceanic islands located 1000 km south of the main 

island of Japan. Reflecting a restricted habitat range and small population size, the Red-headed 

Wood Pigeon is listed as Critically Endangered on the Japanese Red List (Ministry of the 

Environment 2012). This pigeon is distributed throughout two distinct island groups, namely the 

Bonin Islands (26˚ 32′ –27˚ 43′ N, 142˚ 05′ –142˚14′ E) and the Volcano Islands (24˚ 23′ –25˚ 45′

N and 141˚ 24′ –141˚ 47′ E), which are 150 km apart. In the Bonin Islands, the pigeons move 

irregularly among islands, as confirmed through the observation of banded individuals (Suzuki et

al. 2006). The frequencies of mitochondrial haplotypes indicate that the genetic differentiation 

between the Bonin and Volcano Islands is weak (Ando et al. 2014), whereas strong genetic 

differentiation has been detected for some bird species (Emura et al. 2013, Kawakami et al. 

2008). Additionally, these island groups have different avifauna (Momiyama 1930). Furthermore,

in a recent survey of the Volcano Islands conducted in Kita-Iwojima in 2012, one banded 

individual was observed in Chichijima of the Bonin Islands in 2010 (Tokyo Metropolitan 

Government 2012). These facts might indicate that both of these island groups serve as a single 
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habitat for the Red-headed Wood Pigeon because of its strong flying capacity. However, one 

observation of individual movement cannot confirm whether wide-ranging movement is a 

common behavior for the subspecies or just occurs by chance. 

In Chichijima and Hahajima of the Bonin Islands, population trends, movement 

patterns among islands, and the feeding ecology of the pigeon have gradually become better 

understood (Suzuki et al. 2006, Ando et al. 2013, Ando et al. 2016). However, these factors are 

minimally understood in the Volcano Islands because of access difficulties. To improve the 

current understanding of the ecology of the Red-headed Wood Pigeon, particularly the 

significance of wide-ranging movement, observational records of individual movements between

the Bonin and Volcano Islands are needed to estimate the habitation status and food composition 

of the pigeons in the Volcano Islands. This information might contribute to establishing an 

appropriate conservation plan that considers the total habitat in the Ogasawara Islands.

The aims of the present study were to collect additional direct evidence of the inter-

island movements of the Red-headed Wood Pigeon between the Bonin and Volcano Islands and 

to reveal the food resource availability and food composition, which might reflect the wide-

ranging movement of the pigeon. Using dietary data, we also inferred the pigeon habitat use 

within the island of Kita-Iwojima. We observed the Red-headed Wood Pigeon, took a census of 

fruiting trees, and collected fecal samples from the pigeons in Kita-Iwojima, one of three islands 

in the Volcano Islands. In the laboratory, we estimated the food composition of the pigeon 

through a fecal analysis that was based on a high-throughput sequencing (HTS) approach. 
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Materials and methods

Study sites 

Kita-Iwojima (25°26’N, 141°17’E) is an uninhabited subtropical oceanic island belonging to the 

Ogasawara Islands (Figure 1). The island has an area of 5.57 km2 and a maximum altitude of 792 

m and consists of sharp coastal cliffs and mountain areas. We conducted a field survey between 

June 21 and 24, 2014 around the eastern side of Kita-Iwojima, where pigeons have been 

observed in previous surveys (Tokyo Metropolitan Government 2012). 

Estimation of food resource availability

In the present study, we estimated the food resource availability using a fruit census 

consisting of 4 census points and 7 census lines (Figure 1), ranging from 0–455 m in elevation. 

The observer walked around each census point at a pace of approximately 2 km·h－1 for 15 

minutes and recorded the abundance of fruit from all fruiting trees using a three-point score 

based on fruit counts (1 pt. < 100; 100 ≤ 5 pt. < 1000; and 10 pt. ≥ 1000) according to the 

method of Ando et al. (2016). For the line census, we recorded the abundance of fruit from all of 

the fruiting trees within 5 m of the census lines using the same scoring system as the point 

census. The location of each fruiting tree was mapped using a global positioning system (GPS; 

GARMIN e Trex30, Garmin International, Inc., Olathe, Kansas, USA).

Observation and banding of the Red-headed Wood Pigeons

We searched for Red-headed Wood Pigeons around the identified food resource 

availability census sites (Figure 1), observing the number of individuals and their behaviors 

using binoculars until we lost sight of these birds. When we observed previously banded 

individuals on the Bonin or Volcano Islands, we checked their ring number. A mist net was used 

to capture pigeons that were repeatedly observed at a specific site. All of the captured birds were 
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banded with metal and plastic rings before being released. During our study in Kita-Iwojima, we 

searched for pigeons for approximately 36 hours in total. 

Fecal sampling and HTS dietary analysis

In total, 23 fecal samples were collected during the 36-hour survey in Kita-Iwojima. We 

collected fecal samples after directly observing pigeon elimination or by searching around nests 

and roosts. The pigeon feces was confirmed based on size, shape and contents; if the samples 

were approximately 2 cm in diameter, spiral on an edge, and primarily containing crushed seeds, 

we deemed them as pigeon feces. We also collected the eliminated feces of banded individuals 

during the banding procedure. The collected feces were stored in silica gel before DNA 

extraction. The DNA from 20 mg of fecal dry weight samples was extracted using a DNeasy 

Plant Mini Kit (Qiagen, Venlo, the Netherlands). 

After DNA extraction, the samples were confirmed to be those of the pigeons using the

species-specific primers PSF and PSR, designed from mitochondrial control region sequences 

according to Ando et al. (2013). For samples confirmed as those of the Red-headed Wood 

Pigeon, a region of the chloroplast DNA, the P6 loop region, was amplified using the universal 

primer pair g-h (Taberlet et al. 2007) and sequenced using an Ion Torrent Personal Genome 

Machine (PGM) system (Life Technologies, Carlsbad, CA, USA). The obtained sequences were 

filtered using Claident software (Tanabe and Toju 2013). DNA barcoding of the obtained 

sequences was conducted through a local BLAST program in BioEdit software (Hall 1999), with 

reference to the database of the P6 loop, which includes 232 seed plants, developed by Ando et 

al. (2013, 2016). We added two new species to the database during this survey: Eurya japonica 

and Elaeocarpus pachycarpus (accession numbers: LC155211, LC155212). PCR using 

family/genus-specific primers in the chloroplast trnH-psbA region for Lauraceae and Ficus was 

performed for taxon identification using samples in which these plant groups were identified 
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based on P6 loop barcoding. Notably, the discrimination rate of the P6 loop sequences was low 

for these plant taxa (14% in Lauraceae and 20% in Moraceae (Ficus)) (Ando et al. 2013). The 

species or genus of Lauraceae and species (groups) of Ficus were identified by fragment analysis

of each PCR product. Detailed protocols for the laboratory techniques and DNA barcoding are 

described in Ando et al. (2016).

Data analysis

The number of reads (N reads), the frequency of the sequence reads (FR: number of 

sequence reads of a particular food plant/number of total sequence reads) and the frequency of 

the presence (FP: number of samples that included a particular food plant/total number of 

samples) of each food plant were calculated for the collected samples. 

The relative frequency of plant taxa detected in each sample on Kita-Iwojima was used

to estimate the dietary composition of the pigeons. Based on the experiment of Nakahara et al. 

(2015), we excluded plant taxa with less than 1% of the reads in each sample from the analyses 

to avoid misidentification resulting from sequencing errors. The dietary composition results and 

the fruit scores from Kita-Iwojima were compared with those from Chichijima and Hahajima, 

which were collected in June 2012 and estimated by Ando et al. (2016). The differences in food 

composition and food resource availability were tested using a X2 test with a simulated p-value 

based on 106 reputations. 

To visualize the distribution of available food resources for the pigeons, a ‘heatmap’ 

function in QGIS 2.4 (http://qgis.org) was used with the setting of the kernel function to plot 

fruiting trees with a radius of 20 m. In this analysis, we created a heatmap of the plots of all 

fruiting trees and tree species detected in the fecal samples of Red-headed Wood Pigeons, which 

exhibited more than 10% FR and FP.
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Results

Observation and banding of Red-headed Wood Pigeons

During the survey in Kita-Iwojima, we observed 39 individuals. Taking into account 

the probability that there were overlapping observations among individuals at each of the sites 

examined, the minimum number of observed individuals was 12. All observations were recorded 

in areas of low elevation (~130 m). Two banded individuals were identified in Chichijima. One 

of these individuals was a female pigeon banded in 2010 in Chichijima and has reproduced in 

Chichijima (Kanto Regional Environmental Office 2011). This individual was observed in Kita-

Iwojima in June 2012 and confirmed to have returned to Chichijima two months later (Tokyo 

Metropolitan Government 2012, Kanto Regional Environmental Office 2013). The other 

individual was a female pigeon banded in Chichijima in February 2013. During the census, we 

observed pigeons feeding on Machils kobu and Trema orientalis. 

Food selection of the Red-headed Wood Pigeons

All of the collected feces samples (N=23) were confirmed as derived from the Red-

headed Wood Pigeon through amplification using species-specific primers. Twelve plant groups 

were detected from 318,350 filtered sequences of an HTS dietary analysis using the Ion PGM 

sequencer (Table 1). The number of detected food plants was much larger than that of direct 

observation, which detected only two plants. All of the detected plants have been recorded in 

previous surveys (Fujita et al. 2004). Lantana camara, Solanum nigrum and Gr. Machilus1 

constituted a large proportion of the sequence reads and occurred at high frequencies, suggesting 

that these species represent major food resources for Red-headed Wood Pigeons in Kita-Iwojima.

Among the detected food plants, seven fruiting tree species were observed in this study. Figure 2 

shows a comparison between the food composition of the pigeon and the food resource 

availability in Kita-Iwojima, Chichijima and Hahajima. Both food composition and food 
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resource availability were significantly different (P<0.001) among the three islands. The fruits 

from some tree species (or groups), including Morinda citrifolia, Terminalia catappa, Gr. 

Planchonella1 and Musa sp., detected through fecal analysis, were not observed in the fruiting 

survey in Kita-Iwojima (Table 1). The fruits of Gr. Planchonella1 were observed in Chichijima 

and Hahajima, and Ando et al. (2016) observed the fruits of Musa sp. in Chichijima in June 

2012. The distribution of the observed fruiting trees and the fruits from trees detected in pigeon 

feces are shown in Figure 3. Eighty percent of food plants consumed by the pigeons were 

distributed at low elevations (<100 m) and contained 32% of the total fruiting trees distributed 

throughout this area. 

Discussion

Wide-ranging movement of the Red-headed Wood Pigeon and its relationship to foraging 

strategies

In this study, direct evidence of the individual movement between the Bonin 

(Chichijima and Hahajima) and Volcano (Kita-Iwojima) Island groups was detected. Notably, 

this movement was not an accidental event, because we observed multiple individuals that 

moved from Chichijima to Kita-Iwojima, and one of these pigeons had visited Kita-Iwojima 

twice. Considering differences in the diet composition and food resource availability among the 

three islands, pigeons might move widely among the islands and consume the various available 

food resources on each island, without targeting specific fruits. In particular, in the early summer,

when the abundance of fruit decreases on the Bonin Islands (Ando et al. 2016), it might be 

necessary for pigeons to move farther afield in search of food. 

Another finding was that the types of food plants detected most frequently on Kita-

Iwojima, Chichijima and Hahajima were introduced plants. Native species can change behaviors 
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to adapt to environmental changes in response to the introduced species (Strayer et al. 2006, 

Tuomainen and Candolin 2011). Ando et al. (2016) suggested that the introduced fruits were low 

quality in terms of their lipid ratio, making it difficult for pigeons to obtain enough nutrients in 

restricted island habitats. Therefore, the pigeons might have to move among islands to search for 

food resources to compensate for the disrupted foraging conditions. However, the data in his 

study were obtained in only one specific season and are not sufficient to reveal the significance 

of the inter-island movements of the Red-headed Wood Pigeon. Thus, future studies are needed 

to understand the seasonal movement patterns and their relationship to the food resource 

availability on each island and the characterization of the evolutionary process of inter-island 

movement, which might involve adaptation to the isolated island conditions.

The HTS dietary analysis revealed the various food resources of the Red-headed Wood

Pigeon in remote uninhabited islands, and the direct observation conducted in this study detected

only two food sources. Previous observations (Takano et al. 1995) and a microscopic fecal 

analysis (Ando et al. 2013) have revealed that the Red-headed Wood Pigeon is frugivorous and 

granivorous, which involves eating fallen fruits and seeds on the ground. These observations are 

consistent with the results of the present study and those of Ando et al. (2016), who conducted an

HTS dietary analysis and fruit census. However, the results of the HTS fecal analysis might 

indicate different aspects of the pigeons’ diet. We did not consider the abundance of fruiting 

herbs; however, the sequences of Solanum nigrum were detected at a high frequency in the 

pigeon feces samples, indicating that not only the fallen fruits of trees but also the fruits of herbs 

are important for the Red-headed Wood Pigeon. 

The fruiting of some detected food sources in Kita-Iwojima was not observed on the 

island (Table 1). The fruits of these plants might exist outside the census route, or the pigeons 

might eat the leaves or flowers of these plants. Notably, pigeons might eat plant parts other than 
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the fruits to complement the lack of fruit resources, as reported among other island pigeons 

(Oliveira et al. 2002). The fruits of Gr. Planchonella1, which seem to be the preferred fruits of 

pigeons (Ando et al. 2013, 2016), were recorded in Chichijima and Hahajima but not in Kita-

Iwojima. These plants might fruit outside the census lines. However, considering the flight speed

(60-70 km h-1 in the homing pigeon Columba livia) and relatively long retention time of 

Columbiformes (e.g., 45–260 min in Torres Imperial Pigeons, Ducula spilorrhoa spilorrhoa, 

Meehan et al. 2003), the detection of DNA from plants in Chichijima or Hahajima in the 

collected feces samples of pigeons in Kita-Iwojima is possible. This result provides supporting 

evidence of wide-ranging pigeon movement, including between the Bonin and Volcano Island 

groups. Musa sp. was detected in pigeon fecal species samples from an abandoned field in the 

southern coastal area of these islands, but we did not observe the fruits of banana. The detected 

plant sequences might derive from the bait used to capture the Bonin Flying Fox Pteropus 

pselaphon, which was simultaneously surveyed with the Red-headed Wood Pigeon. 

Foraging habitat of the Red-headed Wood Pigeon in Kita-Iwojima

Both the pigeon observation points and the fruiting trees consumed by pigeons were 

distributed in areas of low elevation (~130 m). Despite their strong flying capacity, the Red-

headed Wood Pigeon might usually use a limited area as a foraging habitat. When the pigeons 

move widely within Kita-Iwojima, the sequences of plants growing in areas of high elevation 

(primarily Eurya japonica) should be detectable in the fecal DNA samples, considering the 

relatively long retention time of Columbiformes (e.g., 45–260 min in Torres Imperial Pigeons, 

Ducula spilorrhoa spilorrhoa) (Meehan et al. 2003). However, no Eurya japonica sequences 

were detected. There was no mismatch in the sequence of Eurya japonica in the database using 

universal primers in the fecal analysis. Thus, the absence of Eurya japonica sequences in pigeon 

feces does not reflect technical errors but that the pigeons did not actually eat these fruits. 
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Various types of Japanese bird species, including some species of Columbiformes (Noma and 

Yumoto 1997, Yoshikawa et al., 2009), eat the fruits of Eurya japonica; thus, the Red-headed 

Wood Pigeon might also eat these fruits. Therefore, factors beyond food abundance, such as 

geographical features, might affect the habitat use of the Red-headed Wood Pigeon. 

Conclusions

In the present study, we obtained direct evidence of pigeon movement between the Bonin

and Volcano Island groups, which was not just an one-time event. We also revealed the 

differences in the food composition and food resource availability of pigeons among islands. 

These results might indicate the foraging strategy of pigeons; that is, moving among islands to 

use the available food resources, reflecting the lack of food resources in single island habitats. 

The results of the present study also indicate the importance of areas of low elevation as foraging

habitats for the Red-headed Wood Pigeon, suggesting a need for lowland conservation to 

maintain the populations of these pigeons in Kita-Iwojima. 
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Table 1 List of plant groups detected in the HTS fecal analysis. 

Number of sequence reads obtained (N reads), frequency of sequence reads (FR) and presence 

frequency (FP). Records of direct observations of pigeons feeding; the fruiting trees in Kita-

Iwojima, Chichijima and Hahajima are shown as +. The fruiting records in Kita-Iwojima were 

collected in the present study, and those of Chichijima and Hahajima were obtained from Ando et

al. (2016). Each plant group (Gr.) includes multiple plant species that have the same sequences in

the trnL P6 loop region according to Ando et al. (2013)
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Figure 1. Locations of the study sites: a) location of the Ogasawara Islands; b) locations of the 

three island habitats of the Red-headed Wood Pigeon, where the dietary analyses of the pigeons 

were conducted; and c) census lines (R1–R7) and census points (P1–P4) of the fruiting trees.
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Figure 2. Dietary composition and abundance of fruit in the three island habitats of the Red-

headed Wood Pigeon. a) Relative frequencies of the detected plant taxa; and b) proportion of the 

fruiting score. The asterisks in the legends indicate the introduced plants.
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Figure 3. Heatmap using the Kernel function for a) all of the fruiting trees and b) the tree species

detected in the fecal samples of the Red-headed Wood Pigeon. The numbers in the map show 

elevations.
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