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ABSTRACT

The Russian Far East is one of the summer feeding regions for humpback whales in the North Pacific.
Since the collaborative project SPLASH (Structure of Populations, Levels of Abundance, and Status of
Humpback whales), the number of identified whales in this region has increased from 222 in 2009 to
1459 individuals in 2014. We have compared the latest Russian Far East catalog with catalogs from
wintering areas collected by SPLASH in 2004-2005 and with two regional catalogs from Okinawa from
1989-2006 and the Philippines from 2000-2006, which has provided new insights into the migratory
pathways of the humpback whales found in the Russian Far East. We found a total of 152 matches:
106 with Asian breeding grounds, 35 with Hawaiian and 11 with Mexican waters. No matches were
found with Central American breeding ground. In concordance with SPLASH results, we found that
the overall match rate was higher in the mainland Kamchatkan sites (Karaginsky Gulf, Eastern
Kamchatka and Koryak coast) (32%) and consisted mostly of whales from the Asian breeding
ground. In the Commander Islands, the amount of overall matches was lower (8,2%). Besides, in
contrast to SPLASH results that found the equal proportion of migrants from the Asian, Hawaiian
and Mexican breeding grounds, in our study the proportion of whales from Asia was twice
higher than from Hawaii and six times higher than from Mexico. About 30 percent of whales
matched with breeding grounds were registered near the Commander Islands in more than one year.
The average number of years sighted varied from 2.5 (max 6) for the whales from Asia to 1.5 (max 4)
from Mexico. These results indicate substantial regularity of feeding trips between the Commander

Islands and these three breeding grounds.

In general, our results support the conclusions made previously by the SPLASH study: the wintering
place of the majority of whales that feed in the Russian Far East is still unknown. This supports the
hypothesis of the existence of some undescribed breeding location for humpback whales in the
North Pacific.
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INTRODUCTION

Many baleen whales are known to make long distance seasonal migrations. Investigating their
migration contributes to understanding the population structure of the species and enables the

definition of population units for management and conservation purposes.

Migratory paths of humpback whales (Megaptera novaeangliae) have been found to be complex
(Kennedy et al. 2014, Wenzel et al. 2009, Zerbini et al. 2006, 2011). Most humpback whale
populations migrate between high-latitude productive areas where they feed in summer and low-

latitude waters where they breed in winter.

Initially, all humpback whales in the North Pacific were considered as one stock or population
(Donovan 1991). Later, the knowledge about migratory connections between breeding and feeding
grounds in the North Pacific was developed through re-sightings of individual whales identified by
natural markings. Based on photographic matches between breeding and feeding areas, North Pacific
humpback whales were divided into two groupings: the central stock, which breeds off Hawaii and
migrates to feed in Alaskan waters; and the American stock, which winters off Mexico and feeds
along the California coast (Baker et al. 1986, Darling and McSweeney 1985). The Asian stock, which is
smaller in abundance, was thought to breed off southern Japan and travel north to feeding areas in
the Sea of Okhotsk and around Kamchatka peninsula, based on observations from early whalers

(Kellogg 1929).

Later as a result of a series of collaborative projects, the structure of migration routes in the North
Pacific was found to be much more complicated with cases of interchange both between breeding
and feeding grounds (Calambokidis et al. 1997, 2001, Urban et al. 2000). Also, a small low-density
isolated grouping was identified off Central America. These whales migrate exclusively to areas off

California (Steiger et al. 1991, Calambokidis et al. 2000).

Currently, humpback whales in the North Pacific are considered to have nine geographically distinct
breeding sites, which can be grouped into five winter breeding grounds (Calambokidis et al. 2008).
Eastern part of the North Pacific population of humpbacks breeds in Mexican breeding ground, which
includes coastal waters of mainland Mexico, Baja California and Revillagigedo archipelago and
Central American breeding ground in waters from south Mexico to Costa Rica. Central part of the
population breeds in waters around main Hawaiian Islands, which is Hawaiian breeding ground.
Western part of the population breeds mainly in Asian breeding ground, which consists of waters off

the Philippines, Okinawa and Ogasawara Islands of Japan. Also for the Western North Pacific the



Marine Mammal Science (in review)

second distinct population unit is proposed that mixes with whales migrating through Ogasawara
waters, but its location is currently uncertain (Bettridge et al. 2015). Feeding grounds in the North
Pacific are represented by numerous distinct regions along the west coast of North America,

Aleutian Islands and north-east coast of Russia.

Movements between feeding and breeding areas are complex and varied. Humpbacks breeding
off Revillagigedo Archipelago and Hawaii Islands migrate to feed in more central and high
latitude areas like Aleutian Islands, Chukotka Peninsula and Commander Islands. Whales from
the breeding grounds of both eastern and western North Pacific migrate to feed in relatively
lower latitudes and more coastal areas on each side of the Pacific Ocean, such as California and
Kamchatka, Russia (Calambokidis et al. 2008, Symposium, 2010). Strong site fidelity has been
observed both to feeding and breeding regions. However, sporadic cases of interchange between
different breeding areas suggests some plasticity in the movements of humpback whales (Salden et

al. 1999)

From 2004-2005, the SPLASH (Structure of Populations, Levels of Abundance and Status of
Humpback whales) project explored humpback whale population structure in the North Pacific,
summarizing efforts of more than 50 research groups. The SPLASH report (Calambokidis et al. 2008,
2009) was the first substantial review in which information about humpback whales in the Russian
Far East was presented. In this study three main regions of humpback whale concentration in the
Russian waters were reported: Karaginsky Gulf (northeastern Kamchatka), Gulf of Anadyr (southern
Chukotka Peninsula) and the Commander Islands. Among the whales identified in these regions,
matches with all, except the Central American breeding ground, were found. Most of the migratory
connections were reported with the Asian breeding ground. Substantially fewer matches were found
with Hawaii and only one whale was matched with Revillagigedo, on the Mexican breeding ground.
In contrast to other feeding grounds, described by SPLASH, whales from Russian waters were not
well represented at any of the sampled wintering grounds, suggesting the existence of missing

wintering area that has not been previously described (Calambokidis et al. 2008).

At the time of the SPLASH study (2004-2005), despite of significant survey efforts, only 102 whales
had been identified in Russia with 30 matches to breeding grounds (Calambokidis et al. 2008). In
2008-2009, 120 more individuals were identified in Russia and 10 matches were found with the
Okinawa Churaumi Aquarium catalog, Okinawa Churashima Foundation (Calambokidis et al. 2010).
Four more matches were found later between the Commander Islands and the Babuyan Islands in

the northern Philippines (Silberg et al. 2013).

After the SPLASH project was complete, photo-identification of humpback whales continued mainly

off the Commander Islands (Bering Island) with some effort in locations off Kamchatka. In 2010-2014
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we catalogued 1229 individual humpback whales: 1193 off the Commander Islands and 12 off
different regions of Kamchatka coast. Also 24 individual photographs humpback whales were

obtained during Heritage Expedition cruises in the Chukchi Sea in 2013.

The purpose of the present study was to analyze in greater detail the connections between the
explored feeding grounds with wintering places using approximately six times more data than
previously available. The study utilized an additional seven years of annual observations in the

Commander Islands to evaluate the consistency of these migratory connections.

METHODS

Study areas

In this study we used all photographs of humpback whales included in the latest version of the
Russian Far East catalog (Burdin et al. 2014). The catalog includes photographs collected in multiple

areas both during SPLASH project and other projects (Table 1).

During the SPLASH surveys in 2004 and 2005 photographs of humpback whales were collected in
Anadyr Gulf of Chukotka Peninsula, along the Koryak Coast of Kamchatka, in Karaginsky Gulf of
Kamchatka, along the eastern Kamchatka Coast and off the Commander Islands (Figure 1). SPLASH
surveys did not extend to the Kuril Islands and western Kamchatka Coast, but some additional
photographs from occasional reporters from those regions were included in SPLASH report

(Calambokidis et al. 2008).

In 2006-2009 the photo identification of humpback whales was continued by the Far East Russia Orca
Project (FEROP) and Russian Cetacean Habitat Project (RCHP) in Karaginsky Gulf, off eastern
Kamchatka coast and the Commander Islands. Data collected during this period were summarized at

the final SPLASH symposium in Quebec in 2009 (Symposium, 2010).

After 2009 research efforts at the Russian Far East were conducted mainly off the Commander
Islands as part of the FEROP and RCHP. In 2013 additional set of photographs from the Chukchi sea
was kindly provided by Heritage Expeditions, expedition cruise company that does regular trips in the
Russian Far East. In August 2014 we obtained some photographs during a yacht survey to the

western Kamchatka Coast and northern Kuril Islands.

Photo identification
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The main array of photographs obtained off the Commander Islands and in Karaginsky Gulf was taken
from small boats (4.5 m inflatable in 2008-2010 and 7.6 fiberglass boat in 2010-2014). Survey in 2014

was conducted using 10m fiberglass sailing yacht; to approach whales we used 4.5 m inflatable boat.

To take photographs we used digital cameras with 100-400 mm zoom lenses. Individual images were
processed with ACDsee Pro 6 software to correct low exposure and increase the contrast. Corrected
images were compared with photographs from other encounters. For each identified animal, we
created a unique catalog number, containing the year of the first registration of the whale, the four-
letter code of the registration region and the number in the database list. At the end of each field
season, the best photos of each individual were added to the catalog, and the supporting
information about each encounter (date, duration of encounter, type of activity) was added to the
database using Microsoft Access 2010. We used the standard methodology of individual recognition
of humpback whales focusing on the pigmentation on the ventral surface of the tail fluke, described
by Katona et al (1979). For each whale, the best quality photo from all seasons was chosen for
further matching with catalogs from the various breeding grounds. If some significant changes in
marks or coloration of the same fluke were found, both variants were added to the catalog to get the

best chance of matching the fluke to earlier or later sightings in other catalogs.

Comparison of catalogs

Three sources were used to compare the whales from the Russian Far East catalog (Burdin et al.
2014) with sightings on the breeding grounds. The first and the largest was the SPLASH catalog of
2004-2005. Photographs from the SPLASH catalog were taken under authorized access from the
website managed by Cascadia Research Collective (www.splashcatalog.org). As of 2014, it contained
2008 individuals from the Hawaiian breeding ground, 1418 from the Mexican and 543 from the Asian
sites. Humpbacks identified in Okinawa, Ogasawara and the Philippines were considered together as

belonging to one Asian stock (Symposium, 2010).

Whales from two other catalogs belong to the Asian stock. The catalog from Okinawa by Okinawa
Churashima Foundation contained 614 individual whales. The catalog from the Philippines 2000-2006
contained 138 individuals. As the Asian section of the SPLASH catalog also covered Okinawa and the
Philippines, some individuals were represented in more than one catalog. For this reason we have
compared them with each other to evaluate the overlap rate before matching them to our catalog.
This preliminary comparison revealed 210 cases of overlap (196 individual whales) and they were
excluded from further calculations. In total, 1099 individual whales from the Asian breeding ground

were used for the analysis.
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All comparisons were done manually. To make it feasible to process so many images, the images
were split into seven groups by percentage of white pigmentation from 0 percent white to 100
percent. Additionally, in each group 5-7 subclasses where distinguished by type of coloration
patterns to minimize the number of pictures being compared in each set. Comparisons were
performed first inside the closest subclasses. In case an image might be classified ambiguously, it was
compared with all similar subclasses. Once a whale was found in a given breeding ground catalog, it

was still compared to all other photos to determine if it could be present in another breeding ground.

Match index

To compare the probability of interchange between Russian Far East feeding ground and Asian,
Hawaiian and Mexican breeding grounds we calculated the Match Index for each pair of regions.
Match Index or Interchange Index is a modification of Lincoln-Peterson estimation for population
size, which has been used by many authors to examine interchange of humpback whales both among

areas and years (Baker et al. 1985, Calambokidis 1997, Urban et al. 2000).
lisj = [mi;/(ain;)]x 1000

Where:
ai-Whales, identified on the breeding ground
nj-whales, identified on the feeding ground

M i>j— number of matches between feeding and breeding ground

The value of the Match Index is directly proportional to the movement probability. Higher value of
the index corresponds to a higher probability of moving whales from the given breeding ground

(Calambokidis et al. 2001).

Site fidelity analysis

Of all the sampled sites, photo-identification efforts were conducted regularly only off the
Commander Islands. There we were able to re-sight individuals from year to year over the period of

seven years. For the whales identified around the Commander Islands and matched with different
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breeding grounds we calculated the number of years sighted and number of encounters per year.
This enabled us to evaluate the site fidelity to the Commander Islands of the whales from each
breeding ground. Site fidelity is the tendency to return to a previously occupied location. Here we
define site fidelity as a tendency of the whales to return to the same feeding ground from year to
year. We estimated site fidelity in order to evaluate whether the whales from Asian, Hawaiian and
Mexican breeding grounds are regular seasonal residents or accidental visitors in the waters of the
Commander Islands. To compare site fidelity across the whales from different breeding grounds, we
calculated the average and maximum number of years sighted, percent of whales sighted more than
one year and average number of sighting per year. We compared the number of years sighted and
the number of encounters per year across the whales from different breeding grounds using the

nonparametric Mann-Whitney test.

RESULTS

Sample size and overall matches

A total of 4414 sightings were documented in the Russian Far East feeding sites during 233 days of
effort in 2004-2014 years, representing 1459 individual humpback whales. Number of whales

identified in each of the study regions is presented in Table 1. The number of identifications of new
whales in the Russian Far East steadily increased over the course of the study, except for an abrupt

rapid increase in July 2010 (Figure 2).

We compared all the identified whales with 4525 individuals identified from the breeding grounds.
Among these whales 152 matches were found, which comprise 10 percent of all humpbacks in the

current Russian Far East catalog.

Interchange with breeding grounds

The highest number of matches — 106 individuals — was found with the whales from Asian breeding
ground (match index 0.066), 35 whales were matched to Hawaiian waters (match index 0.011) and

11 to Mexican waters (match index 0.004) (Table 2).

The overall match rate was higher in the mainland Kamchatkan sites. In Karaginsky Gulf we found
43.48 percent of whales, matched with any of the breeding grounds, off Eastern Kamchatka Coast it
was 18.52 percent. The same proportions for more offshore and northern sites were substantially
lower. Off the Commander Islands it consist 8.23 percent, in the Gulf of Anadyr - 14.81 percent and
in the Chukchi Sea — 4.17 percent, which is 9.07 percent on average. We do not consider the Western

Kamchatka, the Kuril Islands and the Koryak Coast here due to the small sample sizes (Table 3).
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The whales from the various breeding grounds were distributed differently across the sampled
regions. The proportion of whales matched with Asian breeding ground was higher in Kamchatkan
coastal sites. In Karaginsky Gulf whales were matched exclusively with Asia, off Eastern Kamchatka
Coast the proportion of Asian whales was 80 percent of all matched individuals. The proportion of
Asian whales for the Commander Islands and Gulf of Anadyr was lower: 60.7 and 25 percent of all
matched individuals respectively. Off the Commander Islands, in Anadyr Gulf and off the western
Kamchatka Coast we also found whales migrating from Hawaiian and Mexican breeding grounds
(Figure 1). In Chukchi Sea we matched only one individual and this match was found in Asian

breeding ground catalog.

For one whale (10RUC0234) newly matched between the Commander Islands and Okinawa, Japan,

there was an additional re-sighting off the Western Aleutians found in the SPLASH database.

Site fidelity

During seven years of annual efforts on the Commander Islands we encountered 28.9 percent of
individuals in more than one year. For the whales matched with different breeding grounds, this
percentage was 24.6 percent for the Asian breeding ground, 43.8 percent for Hawaiian, and 30

percent for Mexican (Table 4).

There was no significant difference in the number of years present as well as in the number of
encounters per year for the whales matched with different breeding grounds (Mann-Whitney test p >

0.6 for all comparisons).

DISCUSSION

We present results for the updated dataset which includes data previously obtained by SPLASH study
and findings for six additional years of work on photo-identification of humpback whales in the

Russian Far East. In general, our results confirm the previously obtained by SPLASH.

Of 1459 individual humpback whales identified in Russian Far East waters over the 11-year period
(2004-2014), only 10 percent were matched with breeding grounds. Most of these matches were
found with the Asian breeding ground, fewer with the Hawaiian and the fewest with the Mexican
breeding grounds. The proportion of the whales from different breeding grounds varied across the
sampled regions. For example, for the whales identified off Karaginsky Gulf in northeastern

Kamchatka, all the matches were with the Asian breeding ground, supporting the results previously
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obtained by SPLASH. Among individuals matched off the Commander Islands, Asian whales
comprised about 60 percent. In contrast to SPLASH results that found the equal proportion of
migrants from the Asian, Hawaiian and Mexican breeding grounds in the Commander Islands, in our
study the proportion of whales from Asia in the Commander Islands was twice higher than from

Hawaii and six times higher than from Mexico.

In spite of the increased number of identified humpback whales, their match rate with breeding
grounds was low: about 10 percent in our study, even lower than the 30 percent reported earlier by
SPLASH (Calambokidis et al. 2010). The time lag of five or more years between catalogs from
breeding grounds (1989-2006) and the Russian Far East sampling sites (2004-2014) could reduce the
number of potential matches due to natural mortality and recruitment or the attrition of natural
markings over time. This could also explain the low match rate and destination diversity in the

Chukchi Sea, sampled only in 2013.

The general distribution pattern of humpback whales migrating from the various breeding grounds to
feeding areas is also similar to the SPLASH findings. Including all the North Pacific feeding grounds
sampled by SPLASH, the proportion of humpback whales migrating from the Asian breeding ground
increased from east to west: 14 percent of all whales matched with any breeding ground at the
Aleutians and 6 percent in the offshore regions of the Bering Sea, whereas in Alaska and British
Columbia it was less than 1 percent. In our study, the matched sample from the Commander Islands
shows 63 percent from Asian breeding ground; for Karaginsky Gulf, Asia is the only destination
ascertained. In contrast, the proportion of whales from the Hawaiian breeding ground matched to
feeding grounds decreased from east to west and comprised more than 70 percent on the northwest
coast of North America, 50-55 percent in Aleutians and Bering Sea, 30 percent in the Commander
Islands and only sporadic whales along the Russian mainland coast. Mexican whales were found in
small numbers in all feeding grounds. Thus, most whales adhere to the same migration destinations
for their stock (central, American or Asian), but some whales travel to other destinations thereby
forming areas of overlap from the various breeding grounds. The presence of Hawaiian and Mexican
whales off the Commander Islands and in Chukotka waters illustrates this overlap. The sighting of the
Hawaiian whale off the Eastern Kamchatka coast provides a new link with feeding grounds for the

central humpback whales stock.

In the SPLASH sample, no matches were found between Russian sites and the Aleutians or other
places in the eastern Bering Sea. The absence of interchange between Russian sites and the Aleutians
could be explained by the relatively small sample size collected on the Russian sites. Despite the fact
that we did not specifically compare the Russian catalog with other feeding grounds, in our results
the connection between the western Aleutians in U.S. waters and the Russian Far East was revealed.

One individual (10RUC0234), first photo-ldentified in 2004 off Okinawa, was re-sighted first in 2004
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in the western Aleutians (SPLASH database). In 2010, this individual was photographed off the
Commander Islands. Further study will be needed to determine if connections can be made between
the humpback whales from the Russian sites and the feeding grounds in the Eastern North Pacific off

the North American continent.

The annual long-term research conducted off the Commander Islands shows high site fidelity for
returning humpback whales, similar to the fidelity of whales returning to known breeding grounds.
On average, about 30 percent of 107 matched whales were encountered in more than one year. This
result is close to that calculated for Southeast Alaska, where it was 48 percent of 464 individuals
identified (Perry et al. 1990). Maximum number of interannual re-sightings for whales matched with
all three breeding grounds is more than half of the span of whole study conducted off the
Commander Islands. This indicates substantial regularity in feeding trips between the Commander
Islands and Asian, Hawaiian and Mexican regions and confirms the importance of Commander Islands

waters for the whales from most of the North Pacific breeding grounds.

The waters of the Russian Far East have been assumed to be one of the migration destinations for
humpback whales breeding on the Revillagigedo archipelago, situated 500 km from the Mexican
coast and considered separate from the American stock based on genetic data and migration
observations (Urban et al. 2000). In the SPLASH report (Calambokidis et al. 2008), this assumption
was supported by only one match between the Revillagigedo archipelago and Commander Islands.
Now we can confirm that six of the ten whales found migrating from the Mexican breeding ground
came from Revillagigedo and some were encountered off the Commander Islands over two or more
years. This fact reveals that the whales even from such a remote destination as Revillagigedo are not

casual visitors to the Commander Islands, but regularly come here to feed in summer time.

Our results confirm the complexity of migratory connections between the breeding and feeding
grounds of humpback whales in the North Pacific. It also supports the conclusions made previously
by the SPLASH study: the wintering place of the majority of whales that feed in the Russian Far East is
still unknown. This supports the hypothesis of the existence of some undescribed breeding place for

humpback whales in the North Pacific.

Although the whales from different breeding grounds can mix on the feeding grounds, they form
distinct local groupings (Baker et al. 2013), which depend year after year on the resources of the
same region and the health of its ecosystem. Healthy ecosystems need not only to deliver sufficient
prey but should also be protected from known threats to feeding humpbacks such as entanglement
in fishing gear and ship strikes. Thus, these various feeding regions for humpbacks should be
considered as different units for management, monitoring and conservation purposes based on

ecosystem management principles (Hoyt 2011).
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Figure 1. Locations of photographic efforts conducted during the study period and the number of
whales from different feeding areas in the Russian Far East matched to three breeding grounds.
Numbers on the map: 1 — Gulf of Anadyr, 2 — Koryak Coast, 3 — Karaginsky Gulf, 4 — eastern

Kamchatka Coast, 5— Commander Islands, 6 — northern Kuril Islands, 7 — western Kamchatka Coast, 8
— Chukchi Sea.
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Figure 2. Cumulative identification of humpback whales in the Russian Far East in 2004-2014
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Table 1. Number of individual whales identified in the different regions of the Russian Far East.

SPLASH SPLASH FEROP,
survey, survey, Occasional RCHP
Data source occasional | occasional | FEROP | photographs | FEROP | FEROP | FEROP | FEROP | FEROP, Heritage FEROP
photograp | photograp ,RCHP | ,RCHP | ,RCHP | , RCHP RCHP Expeditions | , RCHP
hs hs
Years
2004 2005 2006 2007 2008 2009 | 2010* | 2011* 2012 * 2013 * 2014 * | total
Study
region
Gulf of Anadyr (1) 27 27
Koryak Coast (2) 4 4
Karaginsky Gulf 32 24 2 7 7 72
(3)
Eastern 1 2 15 3 6 27
Kamchatka Coast
(4)
Commander 18 9 3 3 12 59 545 190 201 196 61 1297
Islands (5)
Kuril Islands (6) 1 1 2
Western 2 2 2 6
Kamchatka Coast
(7)

Chukchi Sea (8) 24 24
total 53 67 3 5 21 81 545 190 204 220 70 1459
Effort

(days with 12 15 2 2 5 13 46 37 36 38 29 233
whales)

* new unpublished data
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Table 2. Number of matches and interchange index of humpback whales from different breeding
grounds and the Russian Far East.

Matches Total numberin Match Index
the catalog
Asia 106 1099 0.066
Hawaii 35 2008 0.011
Mexico 11 1418 0.004
Total 152 4525 0.022
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Table 3. Summary of matches made between Russian Far East sampling sites and North Pacific

breeding grounds (2004-2014)

Asia Hawaii Mexico
© Proportion
ol S| & ° - = gl < % g Any pof
o dentified | 2| S| S| @ | &| 5| 2| | 2| 2| £| & ¥| 3 |breeding| ok
Sampling sites £ 2 g < i § % r:u g B 3 E E 2 ground aoc es,
o) w| = < = = = @ s| = = %
o| © @ < T 2 <
= Koryak Coast* 4 2 2 2 50
Lo
[%]
s Karaginsky Gulf 69 21 5 10 | 30 30 43.48
o
g Eastern
] Kamchatka 27 4 4 1 1 1 5 18.52
o Coast
g Western
N Kamchatka 6 2 2 2 33.33
Coast*
T Commander 1300 |43 |20|15 |65 | 4 | 23| 2|1 |1 [3| 2|3 |6 ]| 11] 107 8.23
s Islands
g 2| Gulf of Anadyr 27 1 1 3 3 4 14.81
c &
£
g Chukchi Sea 24 1 1 1 4.17
Kuril Islands* 2 1 1 1 50
Total 1459 69 | 23 | 28 ( 106 | 4 25 3 1 1 35 2 3 6 11 152 10.42
Interchange
W|th|n.the 17 1 0 18
breeding
grounds

* - small sample size
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Table 4. Multi-year presence of individual humpback whales from different breeding grounds during

long-term efforts off the Commander Islands, Russia.

Matches with breeding

Whales

grounds encountered off
Co d
Asia Hawaii | Mexico mmander
Islands
Individuals 65 31 11 1300
Average years 2.5 1.6 15 1.4
Maximum years 6 4 4 7
e -
ncounteredinmore |, coo | 43.80% | 30% 29%
than 1 year
Average encounters/year 1.6 1.6 1.7 1.6
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