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Abstract
In the western North Pacific Ocean, humpback whales (Megaptera novaeangliae) migrate 

to the Okinawa (26°13′N, 127°41′E) and Ogasawara (27°04′N, 142°13′E) islands of Japan 
for breeding. The Hachijo Island (33°06′N, 139°47′E) is located in the Izu Archipelago —fur-
ther north from known wintering grounds of those whales. In the 2015–16 winter, humpback 
whales were sighted around the Hachijo Island in significant numbers. This led to a monitor-
ing project of whales around the island that was initiated from the 2016–17 winter to elucidate 
their migration. Here, we report the results of monitoring over two subsequent winter seasons 
(2016–17 and 2017–18). A survey was conducted within 5 nautical miles of the coast of the 
island using a dedicated vessel (12GT) for respectively 32 and 34 days in the first and second 
season from November to April. Humpback whales were sighted from November to March in 
the first season and from November to April in the second season, and a total of sightings of 
respectively 205 and 397 whales were recorded in the 2016–17 and 2017–18 seasons. Charac-
teristic behaviors in the wintering grounds, such as singing and forming competitive groups, 
were confirmed in both seasons. Moreover, around 15% of the whales were repeatedly sighted 
during the same season, and six individuals observed in the first season were resighted in the 
second season. These results suggest that waters around the Hachijo Island are part of the win-
ter migration grounds of humpback whales, and their migration to waters off the Hachijo area 
is expected to continue in the future. Long-term monitoring focusing on the social composition 
of groups is necessary, and additional photo-identification and genetic data should be collected 
to shed light on the habitat use and causes of sudden occurrence of humpback whales around 
this island.

Key words: Hachijo Island, humpback whale, wintering ground, Photo-ID, residency, site 
fidelity.

Introduction

Humpback whales (Megaptera novaeangliae) belong to the family Balaenopteridae of the suborder 
Mysticeti (Fig. 1). They undergo seasonal migration, staying in highly productive feeding grounds 
at high latitudes during the summer and autumn and migrating to breeding grounds at temperate low 
latitudes in winter (Dawbin, 1966; Baker et al., 1986; Clapham, 2000). In the North Pacific Ocean, 
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some wintering grounds have been reported, namely the coasts of Mexico, Revillagigedo Archipelago 
(Urbán and Aguayo, 1987), Hawaii (Baker and Herman, 1981), the Philippines (Acebes et al., 2007), 
Ogasawara Islands (Darling and Mori, 1993), Okinawa (Nishiwaki, 1959; Kobayashi et al., 2016), and 
Mariana Archipelago (Hill et al., 2020). The occurrence peak of humpback whales in the wintering 
ground of the North Pacific Ocean generally lasts from February to March (Urbán and Aguayo, 1987; 
Mobley et al., 1999; Kobayashi et al., 2016). In the wintering grounds, some behaviors related to the 
mating of humpback whales were observed. Male humpback whales sing long complex songs (Payne 
and McVay, 1971; Baker and Herman, 1984), and males compete physically among multiple male 
whales for mating opportunities with females (Tyack and Whitehead, 1983; Baker and Herman, 1984; 
Clapham, 2000).

In November 2015, we received a report from diving companies that an unusually large number 
of humpback whales appeared around the Hachijo Island (Kono E. and Yamakoshi, pers. comm.). 
The Hachijo Island is located south of Tokyo in the southern part of the Izu Archipelago (33°06′N, 
139°47′E), approximately 700 km north of the Ogasawara Islands, which is one of the known primary 
wintering grounds of humpback whales in Japan (Fig. 2). According to Uda (1954), the waters around 

Fig 1. Humpback whale. This Photo was taken in 22 January, 2017 at Hachijo Island.

Fig.  2. Map of Hachijo Island and two other major wintering grounds of humpback whales known in Japan.
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the Hachijo Island have not been previously reported as the whaling grounds of humpback whales. Fur-
thermore, there has been no scientific monitoring of large whales in this region. Therefore, there are not 
any previous formal records which mention whether humpback whales migrated to this region seasonal-
ly or not. Before this sudden migration in 2015, only five sporadic sightings of humpback whales around 
this island were reported, including once each in April 2005 and May 2010 and thrice in March 2013 
(Tokyo Metropolitan Government Park Association Hachijo Visitor Center, pers. comm.).

Therefore, on December 23, 2015, the Japan Broadcasting Corporation (NHK) and the Laboratory 
of Cetacean Biology, Tokyo University of Marine Science and Technology (TUMSAT) collaborated to 
visually survey the coastal area of Hachijo Island. In this preliminary survey, 37.4 nautical miles were 
searched along the coast of the island and at least 10 humpback whales belonging to five social groups 
were sighted in the southwest part of the island in water depths less than 200 m. Moreover, a song was 
confirmed and recorded.

To examine whether the migration of a significant number of whales around the Hachijo Island is 
temporary and to collect photo-identification data for investigating the migratory connections to other 
areas, a shipboard survey has been conducted around the island by the local government and TUM-
SAT throughout the breeding season (November to April) since 2016. The present study reports the re-
sults of monitoring over two subsequent seasons (2016–17 and 2017–18) and explores the importance 
of waters around the Hachijo Island as wintering grounds of western North Pacific humpback whales 
based on occurrence, behavior, and photo-identification data.

Materials and Methods

Field Survey
We conducted surveys within five nautical miles of the coast of the Hachijo Island, departing from 

and arriving at the Yaene Port (33°06′N, 139°46′E). In the field the Aki-Maru, a small dedicated re-
search vessel of 12 GT (length, aprox. 15 m; width, 2.5 m) with a single inboard diesel-powered en-
gine was used. Three researchers on board visually searched for whales with the naked eye from the 
observation platform (3 m above sea level). The survey was conducted from 9:00 to 15:00, and the 
search speed of the vessel was set at 8–9 knots. When whales were sighted, one researcher recorded 
the time and position of the vessel (latitude and longitude) using a global positioning system (Garmin 
eTrex10J). When the vessel reached the estimated location at which the whales were spotted, one 
researcher recorded the time, position, and sea surface temperature (SST), and two other researchers 
attempted to take photographs for identification. In addition, the behavior and group size of the whales 
were observed and recorded. The researchers lowered a hydrophone (OKI Whalephone II) at least 
once per day to evaluate whether the whales were singing.

Photo-identification
Humpback whales can be identified based on the pattern of pigmentation on the ventral fluke and 

the shape of its edge (Katona and Whitehead, 1981). When humpback whales were sighted, the vessel 
immediately followed the target group, and the researchers took photographs for identification using a 
NIKON D7000 camera with a 55–300 mm lens (AF-S DX NIKKOR 55–300 mm f/4.5–5.6 GED) and 
a NIKON D7500 camera with a 19–300 mm lens (AF-S DX NIKKOR 18–300 mm f/3.5–5.6 GED). 
Two types of surveys were conducted—one was circling around the island, and the other was staying 
in the waters where sightings were expected. In both types of surveys, we attempted to take as many 
photographs as possible.

After the surveys were completed in each season, the resightings were compiled to assess the resi-
dency around the island during a season. In the present study, the good-quality photographs that were 
in focus and clearly showing the pattern of pigmentations on the ventral fluke and the shape of its 
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edge were used. We printed the photographs obtained during each season and sequentially compared 
them by visual examination to identify the individuals. Each of the three researchers performed the 
above steps, and the final identification results were compiled as resightings. The individuals re-photo-
graphed at intervals of 1 or more days within the same season were considered resightings. Moreover, 
photographs were compared between the 2016–17 and 2017–18 seasons to assess whether the same 
individuals migrated to areas around the Hachijo Island in the following season.

Results and Discussion

Survey effort and sightings
Table 1 summarizes the results of the survey effort and sightings during the 2016–17 and 2017–18 

seasons. The survey was conducted for respectively 32 and 34 days from November to April in the 
2016–17 and 2017–18 seasons. Table 2 summarizes the monthly survey effort for each season. In both 
seasons, a large amount of effort was devoted to February and March when the occurrences of whales 
were generally expected to be high in order to obtain more Photo-ID (Urbán and Aguayo, 1987; Mori 
et al., 1998; Mobley et al., 1999; Kobayashi et al., 2016). The survey area and track lines during each 
season are illustrated in Fig. 3. In the 2016–17 season, we covered 986.0 nautical miles in total, and 
the first sighting of a humpback whale in the season was recorded on November 20, 2016. From that 
day until March 19, 2017, 205 whales belonging to 136 social groups were sighted. In the 2017–18 
season, we covered 835.6 nautical miles in total and sighted 397 whales belonging to 232 social 
groups from November 28, 2017, to April 9, 2018. The mean sighting rate in the 2017–18 season (11.7 
whales per day) was approximately two times the rate in the 2016–17 season (6.4 whales per day). 
Fig. 4 presents the monthly changes in sighting per unit effort (SPUE; number of whales sighted per 
day) in both seasons. The temporal trend of occurrences in a season is one of the critical indicators to 
clarify the habitat use of humpback whales during the winter. In Okinawa (Kobayashi et al., 2016) 
and Ogasawara (Mori et al., 1998), the period of the most frequent occurrence of whales was from 
February to March, with a single peak. The trend observed in eastern Australia, which is considered 
a migration corridor, frequently occurs in the early stages of the season; this is followed by a decline 
and then an increase in number of whales at the end of the season (Burns, 2010).

Table 1. Survey period, survey effort (number of days surveyed and total search distance in nautical miles), 
total number of sightings, and sightings per unit effort (SPUE) in each winter season.

Season Start survey 
(yyyy/mm/dd)

Finish survey 
(yyyy/mm/dd)

Survey effort 
(days)

Survey effort 
(nautical miles)

Sightings 
(groups/whales)

SPUE  
(whales/days)

2016/17 2016/11/18 2017/04/24 32 986.0 136/205 6.4
2017/18 2017/11/28 2018/04/23 34 835.6 232/397 11.7

Table 2. The number of survey days and searching distance per month in each season. The study was 
designed to increase survey efforts in February and March as the frequency of humpback whale occurrence in 
the wintering ground was expected to be high.

Season
Survey effort

Unit Nov. Dec. Jan. Feb. Mar. Apr. Total

2016/17 Days 3 5 4 7 9 4 32
Nautical miles 134.4 169.5 103.1 182.3 233.5 163.2 986.0

2017/18 Days 2 6 5 9 8 4 34
Nautical miles 61.5 137.3 127.3 214.3 192.1 103.2 835.6
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In the first season, a single peak of occurrences around the Hachijo Island was recorded in Febru-
ary; however, in the second season, SPUE decreased after a peak in December and then increased in 
March. The Kuroshio Current path is one of the possible reasons for these differences in the temporal 
trends of whale occurrence between the two seasons. The Kuroshio large meander was underway 
since August 2017, and the current path around the Hachijo Island (around 140°E) significantly dif-
fered between the first and second seasons (Qiu, 2019). In the Southern Hemisphere Madagascar 
wintering grounds in, humpback whales swim along strong currents during non-migratory offshore 
movements (e.g., travel between breeding sites or short-term offshore travel) (Trudelle et al., 2016). 
Assuming that humpback whales behave in the same manner around the Hachijo Island, they might 
swim near the island or offshore depending on the Kuroshio Current path. This may have also affect-
ed the number of annual sightings in the survey area. However, detailed investigation to elucidate the 
above is not possible with data collected for only 2 winter season surveys. In addition, the uneven-
ness in the amount of effort in each month of the season raises the possibility that the SPUE of some 
months does not adequately reflect the relative abundance of whales. Based on the above, the present 
study results do not allow us to determine when the peak in the number of migrating whales to Hachi-
jo Island occurs, and it is not possible to conclude whether the use of the area by humpback whales is 
similar to that of Okinawa and Ogasawara. Therefore, continuous field surveys and long-term moni-
toring of individuals through satellite telemetry are necessary to understand the trend of occurrence of 
humpback whales around Hachijo Island. However, as humpback whales were continuously sighted 
around Hachijo Island from November to March for the two consecutive seasons, it is reasonable to 
assume that this species uses this area for winter migration.

Fig. 3. Survey track lines in the 2016–17 (left) and 2017–18 (right) winter seasons. The survey was conducted 
within 5 nautical miles from the coast of Hachijo Island in both seasons.

Fig. 4. Monthly sightings per day from November to April in the 2016–17 and 2017–18 seasons. SPUE: 
Sightings per unit of effort.
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Characteristic behaviors
Humpback whale singing behavior was confirmed from mid-January to late March in 2016–17 

and from late November to late March in 2017–18. Singing behavior is considered to play specific 
roles; as such, songs serve as an acoustic display to attract females, a threat behavior during intrasex-
ual competition, and a spacing function among males (Clapham, 2000). Furthermore, on March 5, 
2017, a group of four whales and another group of two whales merged to form a six-whale group. The 
whales of this group swam violently. For instance, one individual hit its head on the water surface, 
while another pushed other whales with its head. These behaviors were consistent with the competi-
tive behaviors reported in the wintering grounds by Tyack and Whitehead (1983) as well as by Baker 
and Herman (1984). Such competitive behaviors were observed respectively two and three times in 
the 2016–17 and 2017–18 seasons. Based on the observations of singing and competitive behaviors, 
humpback whales likely use the areas around the Hachijo Island as a mating ground.

Photo-identification
A total of 203 individuals were identified during both seasons. Respectively 58 and 151 individu-

als were identified in the 2016–17 and 2017–18 seasons, and six individuals were identified in both 
seasons. Table 3 summarizes the results of photo-identification in the same season, and Tables 4a and 
4b summarize the survey dates and the dates when individuals were resighted for each season. In the 
2016–17 season, 10 of the 58 individuals (17.2%) were resighted within the same season. Nine of ten 
individuals were resighted once, while one individual was resighted twice, and the period between the 
first and the last sighting (or occupancy) ranged from 1 to 40 days (mean: 9.5 days; SD: 13.7 days). 
In the 2017–18 season, 21 of the 151 individuals (13.9%) were resighted within the same season. 
Thirteen of the 21individuals were resighted once, six were resighted twice, and one individual was 
resighted each three and four times, respectively; and the occupancy ranged from 1 to 52 days (mean: 
10.6 days; SD: 15.4 days). Thus, in both seasons, most of the individuals were not resighted and 
around 15% were resighted within the same season.

The proportion of individuals resighted during a season provides basic information on the residency 
of humpback whales. For instance, a high proportion indicates that individuals are likely to be resight-
ed in a certain area and tend to stay there for a long period, whereas a low proportion indicates that in-
dividuals are less likely to be sighted in a certain area and tend to move around instead of staying. The 
frequency of resighting in the Hawaiian waters (off Kauai) was 5%–14% (Cerchio, 1998), and similar 
values have also been reported in Silver Bank (9.1%) (Mattila et al., 1989), Samana Bay (15.8%) 
(Mattila et al., 1994), Ecuador (12.9%) (Scheidat et al., 2000), and Abrolhos Bank (13%) (Wedekin 
et al., 2010). Values of approximately 10%–15% indicate that individuals do not stay in the same 
area for a long period and tend to move widely within each wintering ground. This observation is also 
supported by the reports using satellite telemetry of extensive local movements in Hawaii (Mate et 
al., 1998), Silver Bank (Kennedy et al., 2014), and Ecuador (Guzmán and Félix, 2017). In contrast, 
the frequency of resighting in the feeding grounds has been reported to be as high as 77.3% in the 
Gulf of Maine (Clapham et al., 1993) and as low as 2.1% along the east coast of Australia, which is 
believed to be a migration corridor (Burns, 2010). Of note, these proportions depend on the survey 

Table 3. Number of individuals photo-identified and resighted in each season, and the minimum and maxi-
mum period between the first and last sighting of the resighted individuals in the same season.

Number of  
Photo-IDs

Number of individ-
uals resighted (%)

The minimum period between 
first and last sighting (days)

The maximum period 
between first and last sighting 

(days)

2016/17 58 10 (17.2%) 1 40
2017/18 151 21 (13.9%) 1 52
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effort and population size. In the present study, since 80% of the resighted individuals were sighted 
within three days of their first sighting, the proportion of resighting may have been underestimated 
due to 1–2 weeks interval between the survey dates. However, considering the short gap between re-
sighting and the rare sighting of individuals, such as IH-166, for two months, possibly few individuals 
remain in the vicinity of Hachijo Island for an extended period, suggesting that the residency of hump-
back whales around Hachijo Island is comparable to that in other wintering grounds.

Interestingly, 6 of the 58 individuals identified in the first season returned to the waters around the 
Hachijo Island in the subsequent season (Fig. 5). According to Calambokidis et al. (2001), few indi-
viduals migrate to different wintering grounds every year, and each population has a specific wintering 
ground.

Table 4a. The survey dates and dates when individuals were resighted in the 2016–17 season. Black circle in-
dicates the date an individual was sighted.

ID #
Month Nov. Dec. Jan. Feb. Mar. Apr. Number of

resightingDay 18 20 29 3 12 13 25 26 17 18 20 22 4 5 8 25 26 27 4 5 8 9 17 18 19 20 23 5 6 23 24

IH-004 ● ● 1
IH-007 ● ● ● 2
IH-008 ● ● 1
IH-025 ● ● 1
IH-029 ● ● 1
IH-037 ● ● 1
IH-039 ● ● 1
IH-043 ● ● 1
IH-059 ● ● 1
IH-061 ● ● 1

Table 4b. The survey dates and the dates when individuals were resighted in the 2017–18 season.

ID #
Month Nov. Dec. Jan. Feb. Mar. Apr. Number of

resightingsDay 28 29 9 10 18 20 21 23 7 8 20 21 22 8 9 10 17 18 19 20 21 22 3 4 13 14 15 26 27 28 9 10 22 23

IH-108 ● ● ● 2
IH-101 ● ● 1
IH-049 ● ● ● 2
IH-117 ● ● 1
IH-127 ● ● ● 2
IH-159 ● ● 1
IH-166 ● ● ● ● ● 4
IH-169 ● ● 1
IH-176 ● ● 1
IH-200 ● ● 1
IH-201 ● ● 1
IH-203 ● ● 1
IH-207 ● ● ● 2
IH-212 ● ● 1
IH-237 ● ● 1
IH-265 ● ● ● 2
IH-276 ● ● 1
IH-279 ● ● 1
IH-281 ● ● ● 2
IH-282 ● ● ● ● 3
IH-303 ● ● 1
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Calambokidis et al. (2001) assessed the site fidelity for North Pacific wintering grounds using the 
Match index (Equation 1), which reflects the size of the overall population sampled and the degree of 
site fidelity.

The Match index is expressed by the following: 

  [  /  ( )]  1,000→ = ×i j i i jI m a n   (1) 

where,
ai =number of marked releases at time 1 in region i (i=1, …, R)
nj =number examined for marks at time 2 in region j
mi=marked recaptures in region j, originally marked in region i

The frequency of identification of the same individual in different wintering grounds during differ-
ent years was low, and the Match index was 0.015 between Mexico and Hawaii, 0.010 between Ha-
waii and Japan (Okinawa and Ogasawara), and 0.000 between Mexico and Japan; however, frequency 

Fig. 5. Tail photographs of whales that were observed around the Hachijo Island in two consecutive seasons. 
Dates indicate the day on which each individual was photographed in each season (all copyrights are reserved 
to TUMSAT).
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of reidentification of the same individual in the same wintering grounds but during different years was 
relatively high, and the Match index was 0.257 for Hawaii, 0.518 for Mexico, and 2.365 for Japan 
(Calambokidis et al., 2001). Around the Hachijo Island, 58 individuals were marked in the first season 
(ai), 151 individuals were examined for marks in the subsequent season (nj), and 6 individuals were 
recaptured (mi). Based on these counts, the Match index was 0.685, indicating that site fidelity for the 
Hachijo Island is similar to that reported for Hawaii and Mexico.

Considering that the residency and site fidelity for the Hachijo Island were comparable to those for 
the other wintering grounds, the same population likely migrates to the areas around the island annual-
ly and uses it as some parts of their wintering grounds. In other words, this area is as important as oth-
er wintering grounds for the migration of humpback whales, and migration to waters off the Hachijo 
area is expected to continue in the future.

Absence of mother–calf pairs
Newborn calves (typically approximately 4 m long) were not sighted in both seasons. In Okina-

wa and Ogasawara, mother–calf pairs have been observed during winter (Darling and Mori, 1993; 
Kobayashi et al., 2016). Generally, the SST at the wintering grounds of humpback whales is above 
21.0°C (Rasmussen et al., 2007). However, according to daily measurements near the Yaene Port 
(33°06′N, 139°50′E) by the Tokyo Metropolitan Islands Area Research and Development Center for 
Agriculture, Forestry and Fisheries, the mean SST from November to April was 19.0°C (SD: 3.1°C; 
range: 13.6–25.8°C) in the 2016–17 season and 19.9°C (SD: 1.9°C; range: 15.4–24.1°C) in the 2017–
18 season. This relatively low SST may be unsuitable for nursing. However, based on a personal com-
munication (Kato, H., Akama, N. and Kono, E., pers. comm.) a mother-calf pair was observed in the 
southeastern part of the island in March 2016, which may have been missed in our survey.

The results of the present study provide novel insights into the annual migration of humpback 
whales to the waters around the Hachijo Island and their distinct breeding behavior in winter. How-
ever, we cannot conclude whether the waters around the Hachijo Island indeed serve as a breeding 
ground for these whales, similar to Okinawa and Ogasawara, given the absence of newborn calves. 
The objective of migration to the areas around the Hachijo Island remains debatable, and several 
hypotheses have been put forth, such as these areas being part of a migration corridor or this being 
a temporary migration. If the waters around the Hachijo Island are established as a breeding ground 
in the future, mother–calf pairs should be sighted frequently around the island. Therefore, long-term 
monitoring focusing on the composition of the social groups should be conducted to reveal the habitat 
use. Moreover, in humpback whales, the timing of migration to wintering ground varies depending on 
the sex and reproductive status (Dawbin, 1966; Brown et al., 1995) of individuals. Therefore, the sex 
and sexual maturity of whales sighted around the Hachijo Islands should be determined and compared 
with those of whales reported in other wintering grounds to clarify the habitat use of the waters around 
this island.

Causes of sudden appearance
The abundance of humpback whales in the North Pacific Ocean declined from approximate-

ly 15,000 in 1905 to 1,000 in 1965 because of catch in commercial whaling (Johnson and Wol-
man, 1984). Following the prohibition of commercial whaling of this species in 1966 by the In-
ternational Whaling Commission, the number of humpback whales increased. More recently, the 
abundance of humpback whales in the North Pacific Ocean was estimated to be 21,063, which is 
greater than the estimates of pre-whaling abundance (Barlow et al., 2011). This explosive increase in 
the number of humpback whales in the North Pacific Ocean may be one of the reasons for the sudden 
appearance of these whales around the Hachijo Island in winter. In fact, the expansion of the wintering 
grounds of humpback whales with the recovery of their population in the Hawaiian waters has been 
reported (Mobley et al., 1999). Similarly, expansion of the wintering grounds was confirmed near 
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Peru (Guidino et al., 2014). However, there are no data on the abundance of humpback whales in the 
western North Pacific Ocean after the “Structure of Populations, Levels of Abundance, and Status of 
Humpbacks” (SPLASH) study (Barlow et al., 2011). Further, the population dynamics around 2015, 
when humpback whales appeared around Hachijo Island, must be clarified to prove this hypothe-
sis. Currently, the stock structure of the population migrating to the Hachijo Island remains unclear. 
Therefore, the migratory connections between the Hachijo Island and other wintering grounds in the 
North Pacific Ocean and feeding grounds at high latitudes must be established based on photo-identi-
fication and genetic data. To clarify the cause of the sudden appearance of humpback whales around 
the Hachijo Island, continuous monitoring at a local scale around the island, and at a broader scale, is 
imperative.
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