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ABSTRACT

Humpback whales wintering in the northern Philippines and Okinawa, Japan, belong to the western
North Pacific subpopulation, now recognised as a distinct population segment. The numbers for this
subpopulation are low hence it is being proposed to be listed as endangered. Although previous
research revealed movements between breeding grounds, the relationship between these areas
remain little understood. Recent survey efforts in the Philippines resulted in a total of 230 photo-
identified individuals from 1999-2016 while Okinawa had 1,445 from 1991-2014. Between the
seasons a total of 100 matches of 100 individual whales were found between the two breeding
grounds including 41 males and 26 females while the sex of the other whales was unknown. Eight
individuals were recorded moving within seasons, including two individuals moving across seasons
multiple times. The two whales were both males, where one was recorded in both breeding grounds
in three different seasons (2005, 2008 and 2012). The shortest duration of recorded sightings
between breeding grounds was one whale seen in the Philippines in late March 2012 and in Okinawa
13 days later. The high within-region return index values in the Philippines may indicate a small
population utilising this breeding ground with a high rate of return, while the lower return index
values in Okinawa may indicate a relatively larger population utilising the Okinawa breeding ground.
The interchange index value between Okinawa and the Philippines (0.30) was much lower compared
with the average value of within-region return index in the Philippines (3.41). However, 100 out of
230 individuals (43.48%) identified in the Philippines were also observed in Okinawa and the
interchange index was only marginally lower than the value of within-region return index in Okinawa
(0.60). These results may indicate that the two breeding grounds are likely sharing the same
subpopulation and yet, at some level, indicates fidelity of the whales to their respective regions.
The low survey and sampling effort in the Philippines presented limitations in assessing the extent
of linkage with the Okinawa breeding ground. Renewed and strengthened international
collaborations are needed, especially among the Asian breeding grounds in order to unravel the
complexities of the population structure and migratory movements of this small western North
Pacific subpopulation.
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INTRODUCTION

Humpback whales (Megaptera novaeangliae) are widely distributed in oceans worldwide and migrate from
higher latitude feeding grounds in the summer to lower latitude breeding grounds in the winter (Baker et al.,
1986; Chittleborough, 1965; Clapham and Mead, 1999; Dawbin, 1966; Katona and Beard, 1990). In the North
Pacific, the summer feeding range of humpback whales spans the Okhotsk Sea, Commander Islands, Chukotka
Peninsula, Kamchatka, Russia, Aleutian-Bering Sea, Gulf of Alaska, southeast Alaska and North British Columbia,
Washington/South British Columbia, California-Oregon coast and waters off California (Calambokidis et al., 2008;
Calambokidis et al., 1996; Titova et al., 2018). Five winter breeding grounds are now known in the North Pacific
(Calambokidis et al., 2008): in the western North Pacific: (1) the waters of Ogasawara (Bonin Islands) and Okinawa
(Ryukyu) in Japan and the Babuyan Islands, northern Philippines, referred to as the Asian breeding ground; (2) a
second western North Pacific population whose location is unknown, which is believed to migrate through
Ogasawara (Bettridge et al., 2015); in the central North Pacific; (3) around the waters of the main Hawaiian
Islands or the Hawaiian breeding ground; in the eastern North Pacific; (4) the Mexican breeding ground which
includes the Revillagigedo Islands, Baja, California and the coast of mainland Mexico; and (5) the Central American
breeding ground, off the waters of southern Mexico to Costa Rica (Craig and Herman, 1997; Darling and Mori,
1993; Herman, 1980; Herman and Antinoja, 1977; Nishiwaki, 1966; Titova et al., 2018; Urban and Aguayo, 1987)
(Fig. 1).

Currently, humpback whales are categorised under the International Union for Conservation of Nature (IUCN)
as Least Concern due to signs of increasing populations in areas where data are available (Cooke, 2018). In the
North Pacific, the abundance of humpback whales has been estimated to be steadily increasing and is believed
to be greater than estimated numbers prior to whaling (Barlow et al., 2011). However, there is still concern
regarding small, discrete subpopulations, which includes the Arabian Sea, the West coast of Africa, the South
Pacific subpopulations of Oceania, and the western North Pacific subpopulation (Cooke, 2018). In the United
States (US), under the recent ruling of the National Marine Fisheries Science (NMFS) for the national Endangered
Species Act, 14 distinct population segments (DPS) of humpback whale populations worldwide were designated.
The status of the western North Pacific DPS, which constitutes humpback whales wintering in the Philippines,
Okinawa, and off Ogasawara was classified as Endangered (NMFS and NOAA, 2016). Recent estimates have shown

120°0’'0"E 150°0'0"E 180°0°0” 150°0'0"W 120°0'0"W 90°0’0"W
W ﬂ :
P
J
e
Z Z
o o
= Ogasawara o
=) - Hawaiian Islands o)
I} i ™
(fOkinawa Revillagigedo Islands,
I Baja California,
he Ph||1pp|nes', : Mtjexican coast
. / 4 ) Co Southern Mexicoto
o ? . é Costa Rica =)
5 4%1 2T~ ‘ S
o o % o
‘. m \\\\
P e DY
120°0'0"E 150°0'0"E 180°0°0” 150°0'0"W 120°0'0"W 90°0'0"W
Legend N

Asian breeding grounds
I Hawaiian breeding grounds
Mexican breeding grounds

4

WGS 1984 Datum

World Shapefile from ESRI

Prepared by Dindo Karl Mari Malonzo

Central American breeding grounds 0 250500 1000 1500 2000km

for BALYENA.ORG
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that the western North Pacific population has a low abundance estimate of about 1,000 whales (Calambokidis
et al., 2008; Wade et al., 2016) with high incidence of mortality and continues to be subjected to threats
(Calambokidis et al., 2008; NMFS and NOAA, 2016). Previous fluke comparison efforts and a study on
mitochondrial DNA (mtDNA) diversity through the North Pacific-wide study called Structure of Populations, Levels
of Abundance and Status of Humpbacks (SPLASH), conducted from 2004-2006 demonstrated that the migratory
patterns and population structure of the North Pacific humpback whales are complex (Baker et al., 2013;
Calambokidis et al., 2008) and many questions remain about the relationships between the Okinawa, Ogasawara,
and the Philippines assembilies. It is for all the reasons mentioned above that the IUCN expressed concern for
the western North Pacific stock (Baker et al., 2013; IUCN, 2009) and it gained an Endangered classification in the
US (NMFS and NOAA, 2016).

Although it has been demonstrated in previous work based on photo-identification and genetic studies that
the Philippines, Okinawa and Ogasawara are winter breeding destinations for humpback whales in the western
North Pacific (Baker et al., 2008; Calambokidis et al., 2008; Titova et al., 2018; Witteveen et al., 2009), the SPLASH
study postulated the existence of a second unknown breeding population. The SPLASH data indicated that the
whales feeding from the Aleutians and Bering Islands were not well represented in any of the wintering grounds
surveyed during their study. Hence, the researchers concluded that these whales must be going to a previously
unsampled wintering ground (Baker et al., 2013; Barlow et al., 2011; Calambokidis et al., 2008). This hypothesis
was further supported by Titova et al. (2018) who found a low overall match rate of individual whales from Russia
and the Aleutians to any of the wintering grounds in the North Pacific.

The recent study on photo-identification matches from the feeding grounds in the Russian Far East and
breeding grounds in the North Pacific conducted by Titova et al. (2018) used the catalogues of Okinawa and the
Philippines from SPLASH and additional catalogues from 1989-2006 (Okinawa) and 2000—2006 (Philippines).
However, humpback whale surveys in Okinawa and the Philippines continued with relative consistency since the
end of SPLASH in 2006, therefore increasing the number of photo-identified whales in the respective catalogues.
Given the above, an investigation of the interchanges between these breeding grounds using the most updated
fluke catalogues is warranted.

The current study presents the most recent results of fluke matches between the breeding grounds in Okinawa
and the Philippines using their updated fluke photo-identification catalogues. By looking at the timing and
movement patterns of humpback whales within and across seasons it aimed to gain insights into the relationship
between these breeding grounds. The possibility of sex segregation, site fidelity, and degree of interchange
between breeding grounds were also investigated and discussed.

METHODS
Study Areas and Small Vessel Surveys

In the Philippines, the main study site is the Babuyan Marine Corridor, around the Babuyan Islands Chain in
northern Luzon, (18°53’N, 121°36’E): Camiguin, Fuga, Babuyan Claro, Calayan and Dalupiri (Acebes et al., 2007)
(see Fig. 2). The first two fluke photo-identification photographs of humpback whales were taken in 1999 during
an opportunistic sighting around Fuga Island (Yaptinchay, 1999). Dedicated humpback whale surveys began in
2000 (Acebes et al., 2007). Small vessel surveys were conducted between 2000 and 2016 off all the islands in
the Babuyan chain. Different islands were surveyed at different times of the season between Feb and May (see
Table 1 for details) (Silberg et al., 2013). Predetermined tracklines were followed along the coasts of the islands
with track legs running perpendicular and parallel (alternately) to shore (Fig. 3). Waypoints between islands were
also set and were followed during on-effort inter-island crossings. The direction (northward or southward) and
order of waypoints followed around each island at the beginning of each cruise day was set randomly whenever
possible. Once a humpback whale was sighted, the time and location were recorded using a handheld Global
Positioning System (GPS) and focal follows were conducted. The fluke(s) were photographed using digital Single
Lens Reflex (SLR) cameras with 35-350mm, 100-400mm and 400mm fixed lenses and the behaviour, composition
of the group, and the presence of other cetacean species were recorded. An omni-directional hydrophone was
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Fig. 2. Map of the study site in the Babuyan Islands, Philippines showing
areas surveyed in dark grey.
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Table 1
Survey effort and number of photo-identified whales per season in the Babuyan Islands, Philippines (2000-16).

Year Research group Survey area Survey season No. of survey days No. of IDs
2000 WWEF Camiguin, Fuga, Dalupiri, Calayan Apr. 14 0
2001 WWEF Camiguin, Fuga, Dalupiri, Calayan, Babuyan Claro Mar.—Apr. 43 7
2002 WWEF Camiguin, Fuga, Dalupiri, Calayan, Babuyan Claro Mar.—May 47 30
2003 WWF Camiguin, Calayan Feb.—May 51 38
2004 WWEF Camiguin, Calayan Mar.—Apr. 33 40
2005 WWF Camiguin, Calayan Feb.—May 60 54
2006 WWEF Camiguin, Calayan Feb.—Apr. 79 42
2007 BALYENA.ORG Camiguin Mar.—Apr. 30 23
2008 BALYENA.ORG Camiguin Mar.—Apr. 29 23
2009 BALYENA.ORG Camiguin Mar— Apr. 26 15
2010 BALYENA.ORG Camiguin Mar. 13 9
2011 BALYENA.ORG Camiguin Feb.—Apr. 28 23
2012 BALYENA.ORG Camiguin, Fuga Mar.—Apr. 32 31
2013 BALYENA.ORG Camiguin Mar.—Apr. 28 30
2014 BALYENA.ORG Camiguin, Calayan Mar.—Apr. 29 30
2015 BALYENA.ORG Camiguin Feb.—Apr. 36 54
2016 BALYENA.ORG Camiguin, Fuga Feb.—Apr. 39 24
Average 36.29 27.82

dropped at selected waypoints to detect any whales singing. If the song was clear and loud, a recording was
made using a digital sound recorder.

The sex of individual whales encountered was inferred by their social behaviour or role (Darling and Bérubé,
2001; Glockner, 1983). A whale observed swimming closely to a calf was assigned as a female and was designated
as the calf’s mother. A whale observed as an escort or an individual accompanying a female with a calf was
assigned as a male (Glockner, 1983). Furthermore, a whale observed singing was assigned as a male while a lone
non-singing adult joining the singer was also assigned as a male (Darling and Bérubé, 2001; Glockner, 1983). In
groups with more than one adult, such as a competitive group with a mother and a calf, all whales other than
the mother-calf pair were assigned as males. Other whales whose social category or role could not be determined
were recorded as sex ‘unknown’. In a competitive group where the female was not identified, all whales are
noted as ‘unknown’ sex. Single adult or juvenile whales, two adult whales and any other group of adult whales,
not observed singing or in a competitive behaviour are also noted as ‘unknown’. The sex of some whales was
already known through the genetics study done by SPLASH (Baker et al., 2008; Calambokidis et al., 2008).

In Okinawa, humpback whale surveys started in 1991 (Uchida, 1997; Uchida et al., 2005) (see Table 2 for
details). Surveys were conducted between January and April, off the coast of Motobu Peninsula and around
le island (study area indicated as Motobu: 26°33’N, 127°34’E to 26°48’ N, 127°56’ E) and Kerama Islands (study
area indicated as Kerama: 26°03’ N, 127°06 E to 26°24’ N, 127°31’ E) in Okinawa, Japan (Fig. 4). Surveys were
conducted in both study areas in water depths of up to 1,000m. Small vessels (3.2—4.9t) were used with at least
one observer on each side of the vessel. Survey effort during the study period were fairly consistent every season.
When whales were sighted, photographs of the underside of their flukes were taken using digital SLR cameras
with 18-200mm fixed lens for photo-identification. Similar to the Philippines, the sighting location was recorded
using a GPS and the time of sighting and group composition were also recorded. For every group observed, the
presence of singers was checked and recorded using a hydrophone. Assigning of the sex of whales was similar
to that in the Philippines (Kobayashi et al., 2017; Kobayashi et al., 2016a; Kobayashi et al., 2016b). In addition,
some of the whales had definitive sex based on genetic analysis of biopsy samples taken in a previous study.

Photo-ldentification

Fluke photos were graded according to established methods (Calambokidis et al., 2008; Calambokidis et al.,
2001; Calambokidis et al., 1997) and the best photos were compared with the existing catalogue of each research
group by at least two experienced researchers. Each research group catalogued the fluke photos of newly
identified whales by naming them according to their respective identification codes (i.e. Philippines — PH002;
Okinawa — R-123).
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Table 2
Survey effort and number of photo-identified whales in Okinawa, Japan (1991-2014).

Year Research group Survey area Survey season No. of survey days No. of IDs
1991 Okinawa Chrashima Foundation Kerama Jan.—Apr. 60 44
1992 Okinawa Chrashima Foundation Kerama Jan.—Apr. 68 38
1993 Okinawa Chrashima Foundation Kerama Jan.—Apr. 54 51
1994 Okinawa Chrashima Foundation Kerama Jan.—Apr. 61 65
1995 Okinawa Chrashima Foundation Kerama Jan.—Apr. 48 64
1996 Okinawa Chrashima Foundation Kerama Jan.—Apr. 37 73
1997 Okinawa Chrashima Foundation Kerama Jan.—Apr. 57 100
1998 Okinawa Chrashima Foundation Kerama Jan.—Apr. 48 83
1999 Okinawa Chrashima Foundation Kerama Jan.—Apr. 53 80
2000 Okinawa Chrashima Foundation Kerama Jan.—Apr. 57 107
2001 Okinawa Chrashima Foundation Kerama Jan.—Apr. 56 102
2002 Okinawa Chrashima Foundation Kerama Jan.—Apr. 20 101
2003 Okinawa Chrashima Foundation Kerama Jan.—Apr. 5 76
2004 Okinawa Chrashima Foundation Kerama Jan.—Apr. 18 118
2005 Okinawa Chrashima Foundation Kerama Jan.—Apr. 27 128
2006 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 95 208
2007 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 77 283
2008 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 82 232
2009 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 79 345
2010 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 80 303
2011 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 80 429
2012 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 78 359
2013 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 68 337
2014 Okinawa Chrashima Foundation Kerama, Motobu Jan.—Apr. 75 429
Average 57.63 173.13
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Fig. 4. Map of Motobu and Kerama Islands, Okinawa, Japan showing areas surveyed in dark grey.

For both the Philippines and Okinawa, the updated catalogues were reviewed for possible duplicates in
identification and misidentified roles. Three researchers independently compared the two catalogues to search
for matches between the two breeding grounds of Okinawa (1991-2014) and the Philippines (1999-2016). For
each individual whale that matched between the Philippines and Okinawa, the sighting record was reviewed to
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determine the exact date(s) it was sighted in each study site. Whales that were sighted in the same year in both
study sites were noted and the earliest and latest date of sightings in both study sites were recorded in an attempt
to determine direction of movement and duration of stay in the respective study sites within a season. The
assigned sex or social category of each matched whale was also compared to verify if it was the same for both
research groups. When assigned sex conflicts were found between the two breeding grounds, genetic sexing
assignments from Okinawa were utilised. The number of males and females among all identified whales in the
catalogue of each breeding ground was counted. The percentage of individual males and females that matched
between the two breeding grounds was also calculated to determine what percent of the respective sexes in
each breeding ground’s catalogue matched with each other.

Given the large differences in numbers of photo-identified individuals between the Philippines and Okinawa,
with Okinawa having almost six times more whales than the Philippines, the proportion of the whales that have
been observed multiple times in each breeding ground was calculated in an attempt to quantify the re-sight rate
in each area. The number of times an individual whale was sighted or observed was also counted for the
Philippines (1999-2016) and for Okinawa (1991-2014).

To determine the relative degree of interchange and movement of whales, the within-region return index
and between-region interchange index were calculated following Calambokidis et al. (2001) and Garrigue et al.
(2002). The return index within-region (re-sights within the Philippines and within Okinawa) was calculated as
follows:

Rij = Mi, j/ (4i*Bi) *1000
Where,

Ai = number of whales photo-identified in all the years before 2016 (for the Philippines), or before 2014 (for
Okinawa)

Bi = number of whales photo-identified in 2016 (for the Philippines), or in 2014 (for Okinawa)

Mi, j = number of whales marked in any previous years and re-sighted in 2016 (for the Philippines), or in 2014
(for Okinawa)

The index of interchange between-region was calculated as:
Rij = Mi, j/ (A1*B2) * 1000
Where,
Al =number of whales identified in region A (the Philippines)
B2 = number of whales identified in region B (Okinawa)
Mi, j = number of whales re-sighted in both regions

The indices were considered to be zero when there were no whales sighted within or between regions
(Garrigue et al., 2002). A high index value occurs where there is a high probability of the same individual whale
being recaptured, or a high movement probability to another location (i.e. the result of a small population being
present, or high connectivity). In contrast a low value occurs due to either a large population or a low rate of
interchange of animals (Calambokidis et al., 2001). Within-region indices for multiple years were calculated for
both the Philippines and Japan by using the number of whales photo-identified in the last three years in the
respective catalogues (i.e. Philippines 2016, 2015, 2014; Okinawa 2014, 2013, 2012). For each year, the total
number of whales photo-identified in all years previous to that year was compared with the number of whales
re-sighted in that year (see example in first formula above). The index of interchange between the Philippines
(1999-2016) and Ogasawara (1987-2014) was also calculated in the same way, using the photo-identification
data presented in Nakagun et al. (2020), in order to analyse relationships between the three breeding areas in
the western North Pacific. The same formula above was used for the number of whales photo-identified in the
Philippines from 1999-2016 and for Ogasawara from 1987-2014.
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RESULTS

Total identifications and interchange among and within breeding grounds

In the Philippines, from 1999-2016, a total of 230 individuals were photo-identified with 71 males, 60 females
and 99 of unknown sex. The proportion of re-sights of individuals were 98 out of 230 (42.61%) and the average
value for the within-region return indexes for multiple years was 3.41 (Tables 3 and 4). In Okinawa, a total of
1,445 individuals were photo-identified from 1991-2014 with 127 males, 103 females and the rest of unknown
sex. The re-sights of individuals were 809 out of 1,445 individuals (55.99%) and the average value for the within-
region return indexes for multiple years was 0.60 (see Tables 3 and 4). The number of repeat sightings or re-sights
of individual whales in the Philippines and Okinawa are shown in Table 5. A total of 100 matches corresponding
to 100 individuals were found between the two breeding grounds, which was 43.48% of the total identified
individuals in the Philippines (n = 230) and 6.92% of the total identified individuals in Okinawa (n = 1,445). Out
of these 100 matches, 41 were males and 26 were females, while the rest were unknown (see Table 6). The 41
males represent 57.74% of the males in the Philippines catalogue, while only 32.28% in the Okinawa catalogue.
The 26 females represent 43.33% of the females in the Philippines catalogue, while only 25.24% in the Okinawa
catalogue. The interchange index value between the Philippines and Okinawa was 0.30 which was much lower
than the average within-region return index in the Philippines (3.41) but slightly lower than in Okinawa (0.60)
(see Table 4). The interchange index value between the Philippines and Ogasawara was 0.27 which was also
slightly lower than the interchange index value between the Philippines and Okinawa (Table 4).

Table 3

Proportion of photo-identified whales observed (re-sighted) in multiple years in the Philippines
(1999-2016) and Okinawa (1991-2014).

Number of unique Number of unique whales  Proportion of whales re-sighted
whales identified observed in multiple seasons in multiple years (%)
Philippines 230 98 42.61
Okinawa 1,445 809 55.99
Table 4

Interchange indices between-regions, the Philippines (PH) and Okinawa (OK) and between the
Philippines and Ogasawara (OG), and return indices within-region in the Philippines (PH) and in Okinawa
(OK) in multiple years.

Area Interchange index Years (PH) Years in Japan
Philippines — Okinawa 0.30 1999-2016 1991-2014
Philippines — Ogasawara 0.27 1999-2016 1987-2014
Philippines Within-region index Years
3.67 1999-2016
3.04 1999-2015
3.54 1999-2014
Average 3.41
Okinawa Within-region index Years
0.55 1991-2014
0.64 1991-2013
0.62 1991-2012
Average 0.60
Table 5

Re-sights of unique individual whales in the Philippines (1999-2016) and Okinawa (1991-2014).

Number of times unique whales were observed

1x 2x 3x 4x 5x 6X 7x 8x 9x  10x  10x+ Total

No. of unique whales observed, Philippines (1999-2016) 131 43 26 10 6 2 6 2 1 2 1 230
No. of unique whales observed, Okinawa (1991-2014) 636 261 168 100 80 62 36 27 22 14 39 1,445
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Table 6

Number of individual whales photo-identified in the Philippines and Okinawa and their sex, if known.

Number of unique whales photo-identified in each area Number of unique whales observed in both areas

Sex Sex
Total Male Female Unknown Total Male Female Unknown
Philippines 230 71 60 99
Okinawa 1,445 127 103 1,215 100 41 26 33
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Fig. 5. Fluke photograph of PH002/R-8, the male humpback whale
that moved between the Philippines and Okinawa within three
different seasons.

Within season movements between breeding grounds

Based on photo-identification, eight individuals were seen in both breeding grounds within the same season
(see Table 7). Four of them were confirmed males. Multiple within-season migrations were documented for two
males. One of them (PH002/R-8) moved between the two breeding grounds in three different seasons (2005,
2008, 2012) (Fig. 5, Table 7).

The shortest duration of recorded sightings between grounds was with one whale seen in the Philippines in
late March 2012 and in Okinawa 13 days later. Most of the whales were first observed in Okinawa then in the
Philippines (n = 5 individuals in 7 years) than reverse (n = 4 individuals in 4 years). The movement from Okinawa
to the Philippines was undergone by four males and one unknown while the reverse was done by two females,
one male and one unknown.

Arrival and departure times

The earliest arrival of whales in Okinawa was 28 October based on reports from the local people while the earliest
whale arrival documented through photo-identification was 21 December. The latest observed departure of
humpback whales from Okinawa was 1 June. In the Philippines, according to island residents, whales arrive as
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Table 7

Within-season movements of whales between Okinawa (OK) and the Philippines (PH),
number of days between observations and direction of movements.

No. of days in between

Whale ID Sex OK = PH PH - OK observations
PH002/R-8 M 2005/Feb. 25-Apr. 5 39
2008/Feb. 1-Mar. 10 38
2012/Mar. 9—Mar. 22 13
PHO68/R-123 F 2013/Mar. 11-Mar. 26 15
PH233/R-262 2014/Feb. 18—-Mar. 25 35
PH108/R-263 F 2014/Mar. 5-Mar. 29 24
PH135/R-323 M 2005/Feb. 3-Apr. 21 77
PH023/R-346 M 2011/Feb. 9-Mar. 20 39
2013/Feb. 17-Mar. 20 31
PHO07/R-579 M 2006/Mar. 4—Apr. 3 30
PH215/R-1327 Un 2013/Mar. 19-Apr. 4 16

early as November (Acebes et al., 2007). However, based on reports of trained informants, the earliest reported
sighting was in January. The latest observed sighting is on the second week of May while the latest reported
sighting was on the first week of July (Acebes et al., 2007).

Among the matched whales that moved between the Philippines and Okinawa within the same season, the
earliest in the season a whale was sighted in Okinawa was 27 January 2006 that was then last seen in Okinawa
on 4 March 2006 (see Table 7). On 6 April 2006, it was sighted in the Philippines. On the other hand, the latest
in the season a matched whale was seen in the Philippines was on 21 April 2005 (see Table 7). This whale
(PH135/R-323) was seen in the beginning of the season in Okinawa on 3 February 2005. Based on our data,
south-bound movement of humpback whales from their Okinawa breeding ground to the Philippines commences
in February, lasting for an average of 41.3 days while the north-bound movement from the Philippines begins in
March onwards and lasts for an average of 17.0 days (Table 7).

DISCUSSION

This study is the first comprehensive photo-ID matching between Okinawa and the Philippines using updated
catalogues post-SPLASH (Calambokidis et al., 2008). In 2006, at the end of SPLASH, the catalogues of photo-
identified whales from the Philippines and Okinawa contained 138 and 609 individual whales, respectively. The
increase in the number of photo-identified whales in the catalogues of both wintering grounds is significant. The
total number of matches between the two areas are also higher than previous studies done on the western
North Pacific population (Calambokidis et al., 2008; Titova et al., 2018). With SPLASH, in the 2004—-2006 seasons,
77 unique identifications from the Philippines were compared with 215 unique identifications from Okinawa and
resulted in 5 matches (Calambokidis et al., 2008).

The proportion of whales re-sighted or observed in multiple years was slightly higher in Okinawa, with 55.99%
compared with 42.61% in the Philippines. On the other hand, the average return index of animals annually
re-sighted in the Philippines (3.41) was much higher than in Okinawa (0.60). It should be noted that the within-
region return index values could be biased given the relatively small total number of photo-identified whales in
an area. For example, the within-region return index value for Okinawa presented in this study, 0.60 from a total
of 1,445 individuals, was much lower than the value presented in Calambokidis et al. (2001) (11.64 from a total
of 68 individuals) given that the total number of individuals back then was significantly smaller than the present
study. Therefore, the opposite trend shown in the proportion of whale re-sights and within-region indexes
between the Philippines and Okinawa was possibly due to the difference in total number of photo-identified
whales between the two areas. Overall, the values of within-region return indexes in each area may indicate a
small population utilising the breeding ground in the Philippines with a high rate of return and a relatively larger
population utilising the breeding ground in Okinawa. The interchange index value between Okinawa and the
Philippines (0.30) was much lower compared with the average value of within-region return index in the
Philippines (3.41). However, 100 out of 230 individuals (43.48%) identified in the Philippines were also observed
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in Okinawa and the interchange index was only marginally lower than the value of within-region return index in
Okinawa (0.60). These results may indicate that the two breeding grounds are likely sharing the same
subpopulation and yet, at some level, this also indicates fidelity of the whales to their respective regions.

The overall lower number of photo-identified whales in the Philippines compared to Okinawa could be
attributed largely to the differences in survey effort time and area covered. The Philippines has a significantly
lower survey effort than Okinawa. Surveys in the Philippines only began in 2000 with a total of 17 survey seasons
compared to 24 seasons in Okinawa (see Table 1). The number of cruise days per season in the Philippines varied
from as short as 13 days to as long as 79 days, averaging to 36 survey days per season and only an average of 27
photo-identified whales per season. Surveys begin relatively late in the season (February) when the whales are
known to arrive as early as November (Acebes et al., 2007). The survey area coverage is also much smaller, mainly
covering only the waters around the western coast of one island, Camiguin Island, of about 200km? for most
seasons. This is only a fraction of the total area of the waters surrounding the Babuyan Islands, approximately
9,644km?, where the whales have been studied since 2000. Sightings of humpback whale mother-calf pairs have
also been recorded a few kilometers south of the Islands, in the eastern coast of northern Sierra Madre in Luzon
in 2003 (Silberg et al., 2013), as well as off Pagudpud in llocos Norte in 2012, on the western edge of the northern
coast of Luzon. In Okinawa, the surveys have been conducted for much longer and with greater effort (see Table
2). Typically, 60 cruise days, or an average of 57 cruise days were spent around both sites, Motobu and Kerama
Islands per season. An average of 173 whales were photo-identified per season. The surveyed area was a total
of 2,200km? (Motobu 1,000km? and Kerama 1,200km?), more than ten times the size of the area surveyed in
most seasons in the Philippines. The difference in survey effort between locations make these comparisons
difficult to interpret.

The low numbers of photo-identified individuals in the Philippines do not necessarily mean there are less
whales utilising this wintering ground but could mean that many animals have been missed. There are also a
number of whales that are not photo-identified because the fluke photographs do not pass photo-identification
standards or the whale did not show its fluke (i.e. females with young calves). Lower numbers also mean lesser
chances of matching with Okinawa and other breeding or even feeding grounds. However, the low matches of
whales from the Philippines in Okinawa may also indicate the possibility of some individuals remaining in the
Okinawa area during the entire breeding season without moving further south to the Philippines. Given the data
available this cannot be determined but is worth investigating in the future.

Even though many of the individual whales in the Philippines were also observed in Okinawa, more than half
of the individuals in the Philippines catalogue did not match with Okinawa and most of the individuals in Okinawa
did not match with the whales in the Philippines. A recent study between the Philippines and Ogasawara breeding
grounds demonstrated similar results wherein a considerable portion of the whales observed in the Philippines
were also observed in Ogasawara while the majority of the whales in Ogasawara stayed within its waters
(Nakagun et al., 2020). Furthermore, as shown in this study, the interchange index between Ogasawara (1987—
2014) and the Philippines (1999-2016) based on data presented in Nakagun et al. (2020), resulted in a value
(0.27), slightly lower than the interchange index between Okinawa and the Philippines (0.30). This further
supports the idea that these breeding grounds are likely sharing the same subpopulation but the whales exhibit
some degree of fidelity to their respective grounds.

It has also been postulated that there is another breeding ground in the western North Pacific, the Mariana
archipelago (Hill et al., 2020). The recent study by Hill et al. (2020), suggested that based on photo-identifications
and genetics, the Mariana archipelago is part of the western North Pacific population. Comparison with
Ogasawara, Okinawa and the Philippines, showed that most of the Mariana whales matched with Ogasawara
(7 individuals) followed by Okinawa (4 individuals) and one with the Philippines (Hill et al., 2020). The authors
(Ibid.) further postulated that based on the high mtDNA haplotype diversity and significant mtDNA haplotype
frequency differentiation of the Mariana whales compared to the Okinawa and the Philippines SPLASH samples
(Baker et al., 2013), two western North Pacific breeding populations may exist, but more genetic samples
from the Philippines and the Mariana archipelago are needed to ascertain if this is indeed the Mariana
archipelago.
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The slightly higher number of males than females in the catalogues of both the Philippines and Okinawa may
indicate a male-bias in these breeding grounds. This male-biased sex-segregation of humpback whales in breeding
grounds has been noted in previous studies and may also present a plausible explanation for the higher number
of males among the individual whales that matched between Okinawa and the Philippines (Brown et al., 1995;
Craig and Herman, 1997). It has been suggested that, at least in some areas, not all females complete their
migration to the breeding grounds when they become pregnant en route and return early, or some females may
overwinter or stay in the feeding grounds (Ibid.). This may also indicate that the males tend to move between
the two breeding grounds more frequently than the females. In Okinawa, the males move between Motobu and
Kerama Island more often than females and females with a calf, and the percentage of local movement within
the males was significantly higher than for females (Kobayashi et al., 2017). This difference in mobility may be
to increase the male’s probability of encountering potential mates as they move between the Philippines and
Okinawa. This increased mobility as a mating strategy has been indicated by Cercio et al. (1998) in the Hawaiian
Islands where they showed higher inter-island recaptures of males while off eastern Australia, migrating males
were shown to circle back North on their way to their southern feeding grounds (Burns et al., 2014).

It should be noted however, that there are potential sources of bias that could favour photographic capture
of males not investigated during this study, such as the probability of fluke up dives (Craig and Herman, 1997).
In the Philippines, it is common to have encounters with females with young calves that do not fluke up hence,
no fluke photograph is taken. Although dorsal fin photographs may be used to identify the female in such cases,
it cannot be used reliably for re-capturing or comparison with the existing catalogue. Furthermore, 43% (n = 100)
of the whales in the catalogue of the Philippines have unknown sex. This is mainly because there has been no
extensive biopsy sampling and genetics study done in the Philippines to date.

The distance between the two breeding grounds is approximately 1,000kms (Fig. 5). Multiple within season
movements of male whales, as mentioned earlier, could indicate that males are likely to move longer distances
to increase chances of mating (Kobayashi et al., 2017). Interchanges of individuals among the three Asian
breeding grounds (Philippines, Okinawa and Ogasawara) have been previously demonstrated through photo-
identification, including one whale (FG9901/R-19/0-560) that was seen within one season in the Philippines and
Ogasawara (Acebes et al., 2007; Yamaguchi et al., 2002; Yamaguchi et al., 1995). This is a distance of over
2,000kms traveled by a whale in 49 days (Acebes et al., 2007). Song comparisons among these breeding grounds
as well as with Hawaii and Mexico have also shown evidence for the mixing of whales, at least males, in these
western-central Pacific populations (Darling et al., 2014). This further shows that movement within the Asian
breeding grounds is not uncommon.

According to the dates the photo-identified whales were sighted, in the beginning of the wintering season,
the whales were observed earlier in Okinawa and then observed in the Philippines later in the season. Towards
the end of the season, the whales were observed leaving earlier from the Philippines and then in Okinawa later
in the season. This may indicate that during the whales’ migration from feeding grounds to the Asian breeding
grounds, the whales stop at Okinawa first and then migrate further South to the Philippines. Similarly, on their
way back to their feeding grounds, some whales coming from the Philippines may stop at Okinawa before
proceeding North. It is also possible that some whales do not stop at Okinawa and move straight back to the
feeding grounds.

Previous studies show temporal trends in occurrence of humpback whales in Okinawan waters, which noted
an order of migration of humpback whales depending on the whales’ social category or sex and the month of
the season, with a corresponding increase or decrease in numbers of whales observed (Kobayashi et al., 20163a;
Nishiwaki, 1959; 1960; 1961). According to Kobayashi et al. (2016a), in Okinawa, females tended to occur from
late January to late February which is the beginning of the breeding season while male occurrence tended to
increase from mid-February, remaining high in late February when females were rarely found, resulting in high
male proportion in Okinawa after late February. Singing male individuals also tended to increase in early March
which could indicate that males are probably staying longer to increase their chances of mating with females
still in the area (lbid.). Something similar may be happening in the Philippines wherein surveys begin from late
February and could be another possible explanation for the slight skew towards males observed in the breeding



IWC | J. Cetacean. Res. Manage. 22,2021 | 51

ground. Extended surveys covering the entire breeding season are needed to determine if such temporal trends
and sex-segregated migration also occurs in the Philippines.

Further research is needed to establish site fidelity to particular breeding grounds and the extent of linkage
between the Philippines and Okinawa. The timing of arrivals and departures in Okinawa and the Philippines and
signals of movements between these areas require greater survey effort. This study demonstrates the need to
increase the survey effort and biopsy sampling in the Philippines to increase the number of photo-identification
and genetic samples, as well as decrease the likelihood of missing whales during the breeding season. The use
of satellite telemetry in these sites is highly recommended to provide better understanding on the movement
of individuals, breeding behaviour, population structure, habitat utilisation and connectivity patterns of the
whales (Cercio et al., 2016). This is particularly significant considering that the western North Pacific DPS has
been assessed as in danger of extinction throughout its range (NMFS and NOAA, 2016). Furthermore, this
highlights the need for renewed and continued close collaboration among researchers in all Asian wintering
grounds, including Ogasawara, in order to have a more comprehensive understanding of the place of this
subpopulation in the North West Pacific Ocean.

This close but complex linkage between geographically separated, migrating threatened animals shows the
need for transboundary research and collaboration. Whales utilising these breeding grounds face different as
well as similar threats, including unregulated coastal development, increasing whale watching tourism,
entanglement in fishing gear, increased ship traffic and climate change. Results gained in this study are crucial in
solving these issues while the complexity of the western North Pacific subpopulations structure is disentangled.
As these whales move between and within different countries with varying socio-political contexts and
management instruments, the conservation of these migrating whales poses challenges to the entire North
Pacific.
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