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CHANGES IN STABLE CARBON AND NITROGEN ISOTOPE RATIOS
IN SOOTY AND SHORT-TAILED SHEARWATERS DURING THEIR
NORTHWARD MIGRATION!
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Abstract. Migratory behaviors and associated food habits were investigated for two
closely-related seabird species, Sooty (Puffinus griseus) and Short-tailed Shearwaters (P.
tenuirostris), sampled in the western North Pacific from April to June in 1986, 1989, and
1990 using their carbon and nitrogen isotope ratios (muscle §'*C and §'*N). The shearwaters
exhibited 8*C and 6'*N values of —24.5 to —17.6%o, and 7.3 to 13.0%, respectively. Shear-
waters showed areal differences in their stable isotope ratios: those from the oceanic group
in June had significantly higher 6*C and 6'*N values than those from the coastal area of
northern Japan in April and May. The isotope compositions of both species increased along
with their migration from the Southern Hemisphere to the North Pacific. The low stable
isotope ratios in the birds from the coastal area strongly demonstrated the preservation of
isotope ratios of prey in the Southern Hemisphere before their northward migration.

Significant differences in a 6'*C—$'"N map were also observed between two species as well
as within single species in time and space. In the coastal area of northern Japan, Sooty
Shearwaters showed somewhat higher '3C and é'*N values than Short-tailed Shearwaters.
However, no interspecific difference of their §'*N value was found in the oceanic area of
North Pacific, but the §'*C value of Sooty Shearwater was significantly higher than these of
Short-tailed Shearwater. The interspecific difference in the coastal and oceanic areas reflects
their changing dietary difference.

Key words: Puffinus griseus; Puffinus tenuirostris; stable isotope; carbon 13; nitrogen 15;
trophic level; migration.

INTRODUCTION

Stable isotope analyses of consumer and prey
tissues represent a valuable method to assess
trophic relationships in marine and terrestrial
ecosystems (DeNiro and Epstein 1978, Wada et
al. 1987, Fry 1988, Hobson and Welch 1992).
Nitrogen isotope ratios (5'*N) of animals reflect
the trophic levels within food chains, increasing
of about 3 to 4% per trophic level (DeNiro and
Epstein 1981, Minagawa and Wada 1984).
Though stable isotope analysis has been used to
determine trophic relationships and diets of birds
(Hobson 1987, 1990, 1991, 1993; Mizutani et
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al. 1990; Hobson et al. 1994), no studies have
demonstrated changes in stable isotope signa-
tures of birds during migration when diets or
background isotope signatures of prey can change
regionally.

Sooty (Puffinus griseus) and Short-tailed
Shearwaters (P. tenuirostris) are closely related
species that breed in the Southern Hemisphere
from September to April and then migrate to the
Northern Hemisphere during the northern sum-
mer. Both shearwaters dominate the avifauna in
summer in the subarctic North Pacific. The Sooty
Shearwater is distributed in the oceanic waters
of 40°=55°N in the North Pacific in summer (Ogi
etal. 1981, Guzman and Myres 1983, Ogi 1984,
Briggs and Chu 1986), whereas the Short-tailed
Shearwater predominates in the waters of 45°-
60°N in the North Pacific and adjacent sea areas
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FIGURE 1. Sampling locations for Sooty (M) and Short-tailed (@) Shearwaters in the North Pacific in 1986,

1989 and 1990. PCNJ: Pacific coast of northern Japan in April and May, WST: western subtropical Pacific in

June, WSA: western subarctic Pacific in June.

(Shuntov 1972, Ogi et al. 1980, Harrison 1983,
Ogi 1984). Sooty Shearwater feeds mainly on
abundant planktivorous fish and squid (Sanger
1983, Ogi 1984, Shiomi and Ogi 1992), while
Short-tailed Shearwater depends upon zooplank-
ton in addition to fish and squid (Ogi et al. 1980,
Sanger 1983, Skira 1986).

In this study, we measured the stable carbon
and nitrogen isotope ratios of muscle tissues of
the two shearwater species to assess evidence for
their dietary changes during their northward mi-
gration. We also examined the ecological segre-
gation in trophic relationships and diets between
the two closely-related species by the stable iso-
tope analysis.

MATERIALS AND METHODS

The birds sampled in this study were incidentally
entangled in gill nets set for salmon and squid
in the western North Pacific from April to June
in 1986, 1989, and 1990. Pectoral muscle tissues
of 18 Sooty and 44 Short-tailed Shearwaters were
used for stable isotope analyses. The sampling

stations were grouped into three areas based on
sampling months and physicocheminal and bi-
ological oceanographic structures (Ogi 1984,
Sanger and Ainley 1988): Pacific coast of north-
ern Japan in April and May (PCNJ), western
subtropical Pacific in June (WST), western sub-
arctic Pacific in June (WSA) (Fig. 1). In addition,
513C and "N were measured for Euphausia pa-
cifica, Engraulis japonicus and Cololabis saira
sampled from the northwestern Pacific and Ba-
laenoptera acutorostrata from the Antarctic.
Muscle tissues from these birds were ground
to fine powders and lipid extracted using a chlo-
roform : methanol (2:1) solution. The following
analytical procedures for carbon and nitrogen
isotope ratios were the same as those reported
by Minagawa et al. (1984). Approximately 10-20
mg of the powdered muscle was put into a quartz
tube containing 1 g of CuO, 0.5 g Cu metal and
a piece of silver foil. The tube was then evacuated
and sealed. The tube was preheated at 500°C for
30 min and combusted at 850°C for 2 hr, After
cooling, CO, and N, were separated cryogenically



STABLE ISOTOPES OF SHEARWATERS 567
TABLE 1. §'*C and é'*N values of Sooty and Short-tailed Shearwaters.
Sooty Shearwater Short-tailed Shearwater
Sample groupt n Mean SD Range n Mean SD Range t-test (P)
81C (%0)
PCNJ 10 —20.1 0.63 -212t0—-19.2 24 —23.0 0.87 —24.5t0 —20.5 ¥
WST 8 —18.5 0.76 —19.7t0 —17.6 4 —-19.7 0.29 -19.9to —19.4 *
WSA 16 -20.1 0.70 —22.0to —19.0
85N (%o)
PCNJ 10 9.2 0.72 8.210 10.0 24 8.0 0.46 7.3 t0 8.8 *xk
WST 8 10.9 1.36 8.4 10 13.0 4 11.6 0.46 11.1t0 12.2 n.s.
WSA 16 11.4 0.62 9.5t0 12.1

ns. =
See Figure 1.

with liquid nitrogen and a dry ice-ethanol mix-
ture. Carbon and nitrogen isotope ratios were
measured by a Finnigan MAT 251 mass spec-
trometer fitted with a dual inlet and triple col-
lector system. Isotope ratios were expressed as
deviation from a standard as defined by the fol-
lowing equation:

0*C, 6"*N = {R(sample)/R(standard) —1}
-1000 (%),

where R = 3C/12C or *N/'“N.

Belemnite and atmospheric nitrogen were used
as the carbon and nitrogen isotope standards,
respectively. Calcium or sodium carbonate for
6'3C and a high-purity nitrogen gas for 6'°N were
also used as working standards during isotope
measurements. Standard deviations for stable
isotope measurements were less than 0.1%o for
carbon and 0.2%o for nitrogen.

RESULTS
AREAL DIFFERENCES

There were no differences of 5'*C and 6'°N values
in Sooty and Short-tailed Shearwaters along with
changes of their body mass and sex (Appendixes
1 and 2). Stable isotope analysis was thus per-
formed without any distinction of body mass and
sexual differences.

Significant differences in 6'3C and §'°N values
were clearly observed for Sooty and Short-tailed
Shearwaters between the Pacific coast of north-
ern Japan and the western subtropical Pacific
(Table 1). Differences in ¢-test were as follows:
Sooty Shearwater—4§'3C t = 4.820,df = 16, P <
0.001, 6N ¢ = 3.333, df = 16, P < 0.01; Short-
tailed Shearwater—6*C ¢ = 7.497, df = 26, P <
0.001,6N¢=14.012,df =26, P < 0.001. Short-
tailed Shearwater in the western subarctic Pacific

no significant difference, * = 0.01 < P < 0.05, *** = P < 0.001.

in June also exhibited significantly higher 6*C
and &N values than those of the birds in the
Pacific coast of northern Japan in April and May
(03C t = 9.474, df = 38, P < 0.001, ¢-test; 6"°N
t=16.511, df = 38, P < 0.001, ¢-test). The 63C
and 6N of the two shearwaters clearly increased
along with their migration from Pacific coast of
northern Japan in April and May to western sub-
tropical and subarctic areas in June.

TROPHIC RELATIONSHIPS

The isotopic compositions were also variable be-
tween two closely-related species (Table 1). In
the Pacific coast of northern Japan, the Sooty
Shearwater was enriched in heavier isotopes as
compared to Short-tailed Shearwater (63C ¢ =
9.017,df = 32, P < 0.001, z-test; 6"*N ¢ = 5.097,
df = 32, P < 0.001, ¢-test) (Table 1). The differ-
ences of isotope ratios between the two species
averaged 2.9%o for carbon and 1.2%o for nitrogen.

The difference in 6'3C between the two shear-
waters was still significant in both the western
subtropic (1.2%o, t = 2.797, df = 10, P < 0.05,
t-test) and subarctic (1.6%o, t = 4.906, df = 22,
P < 0.001, t-test). The 6'°N values showed wide
range of overlap between the two species (west-
ern subtropic ¢ = 1.050, df = 10, P > 0.05, t-test;
western subarctic ¢ = 1.102, df = 22, P > 0.05,
t-test) (Table 1).

DISCUSSION
AREAL DIFFERENCES

Several factors can influence the isotopic differ-
ences in consumers in different marine areas.
These include differences in isotopic signature of
food webs due to oceanographic factors (Saino
and Hattori 1987, Liu and Kaplan 1989), differ-
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ences in prey selection, and differences in nutri-
tional condition of birds (Hobson et al. 1993).

To assess the influence of differences in iso-
topic signature of food webs due to oceanograph-
ic factors, 6'*C and 6'*N values of primary pro-
ducers, diets of the two shearwaters, and the oth-
er marine organisms in the oceanic areas relating
to their migration course are shown in Table 2.
The differences in 6'3C and §'N of marine or-
ganisms between the Pacific coast and the west-
ern subtropic are hardly discernible. Marine or-
ganisms in the western subarctic are somewhat
low in isotopic values as compared to those in
both the Pacific coast and the western subtropic.
Based upon stable isotope values of marine or-
ganisms in the oceanic areas in question, the dif-
ferences in 6°C and 4N of Sooty and Short-
tailed Shearwaters between the Pacific coast and
the western subtropic should not be caused by
differences in isotopic signature of their food base
in the northwestern pacific.

Based upon the stomach contents, the predom-
inant diet of Sooty Shearwater is fish, the wet
mass percentage of which was 98.8% in the Pa-
cific coast of northern Japan in April and May
(Shiomi and Ogi 1992). While in the western
subtropical Pacific in June and July fish (51.4%),
squid (30.9%) and barnacles (15.2%) are the main
diets. Therefore, isotopic values of the two shear-
waters may differ between the Pacific coast and
the western subtropic because of differences in
prey selection.

The effect on the isotope ratios of differences
in nutritional conditions of these birds is un-
known. However, low 63C and §'°N values of
Sooty and Short-tailed Shearwaters in the Pacific
coast in this study are somewhat different from
predictable isotope values of these species when
these species feed on fish with high §*C and §'*N
values in the Pacific coast. Low isotopic values
of the two shearwaters in the Pacific coast cannot
be sufficiently explained by the influence of dif-
ferences in isotopic signature of food webs due
to oceanographic factors and differences in their
prey selection.

Both species in this study were in northward
migration (Watabe et al. 1987). These species
had just have arrived in the Northern Hemi-
sphere in April and May. Therefore, low §:3C
and 6'°N values of Sooty and Short-tailed Shear-
waters in the Pacific coast of northern Japan may
be mainly caused by diet-isotope value lags due
to turnover rates of the stable isotopes in muscle

protein. In laboratory studies of turnover rates
of the stable isotopes, the half-life of carbon in
muscle tissue of gerbils (Meriones unguiculatus)
was 27.6 days (Tieszen et al. 1983), and 12.4
days for Japanese Quail (Coturnix japonica)
(Hobson and Clark 1992b). Though the turnover
rates of carbon and nitrogen in muscle tissues in
wild birds are unknown, these would probably
have a half-life of few weeks due to high meta-
bolic rates compared to captive birds.

In the Antarctic Ocean, the breeding area of
the two shearwaters, the 6'*N values of fish avail-
able to these species are probably about 5—7%o,
because the §'*N values of POM and herbivorous
animals (Euphausuacea) are 0.4-0.5%0 and 2.7—
3.1%o, respectively (Table 2). On the other hand,
the §'5N values of marine food web components
available to shearwaters in the northwestern Pa-
cific are 5.4%o for particulate organic matter
(POM), 7.4%o for Eupausia pacifica and 8.9-9.2%c
for fish, respectively (Table 2). Both the 5'*C and
05N values of the marine organisms in the Ant-
arctic are significantly lower than those of cor-
responding organisms in the northwestern Pa-
cific (Table 2). As reported by Wada et al. (1987),
the *N and "*C contents of POM and net plank-
ton were quite low in comparison to those of
temperate regions.

Consequently, low §*C and §**N values of Sooty
and Short-tailed Shearwaters in the Pacific coast
of northern Japan in April and May may be
caused by the transient effects of diets consumed
in the Southern Hemisphere before northward
migration (Fig. 2). Alternatively, high >C and
6""N values of Sooty and Short-tailed Shearwa-
ters in the western subtropical and subarctic Pa-
cific in June suggested that both species had
enough time to turnover their tissue and change
their isotope ratios by feeding prey such as Eu-
phausiid and Pacific saury (Cololabis saira) in
the Northern Hemisphere during their north-
ward migration until June (Fig. 2).

Analyzing the areal differences of the muscle
0'>N of Sooty Shearwater between the western
and eastern parts of the North Pacific, for ex-
ample, Minami (1992) determined that Sooty
Shearwaters found in the North Pacific had been
born in two areas, New Zealand and the south-
ern South America. Differences in §'*N content
reflected the extremely high 31N of POM in
the denitrifying zones of the eastern Pacific
(Saino and Hattori 1987, Liu and Kaplan 1989).
Therefore, the isotopic analyses of the
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FIGURE 2. §C and §°N values (Mean = SD%o) of marine food web components in the Antarctic and the

northwestern Pacific. Abbreviations in parentheses indicate locations and months (S: Antarctic Ocean; N:
northwestern Pacific Ocean; PCNJ, WST, WSA: see Figure 1; 4, 5, 6: month). 5'*C and §'*N values of POM(S)
and Euphausiid(S) from Wada et al. (1987), and those of POM(N) from Sugisaki (1989) and Sugisaki et al.

(1991).

migratory seabirds in time and space can pro-
vide useful information on their migratory
mechanisms. In addition, isotopic analyses of
tissues of short turnover rates such as liver and
blood (Hobson and Clark 1992b, 1993) may
be useful for the elucidation of food habits in
short-term periods.

TROPHIC RELATIONSHIPS

Both species migrate trans-equatorially to the
Northern Hemisphere during the non-breeding
season. Since the two species occur in the same
area during their migration, it is possible to an-
alyze their dietary preferences based on their car-
bon and nitrogen isotope ratios.

Predominant prey species for Sooty Shear-
water is the Japanese sardine (Sardinops melan-
osticta) and Pacific saury (Cololabis saira) in the
western North Pacific (Ogi 1984, Shiomi and Ogi
1992). Other prey are squid (Berryteuthis an-
onychus), pelagic barnacle (Lepas fascicularis),
and jellyfish (Vellela lata) (Shiomi and Ogi 1992).
Although prey for the Sooty Shearwater in the
breeding area is unknown, it perhaps feeds main-
ly on fish at the same trophic level as those in
the North Pacific. Alternatively, the diet for Short-

tailed Shearwater varies according to sea area in
the western North Pacific (Ogi et al. 1980). It
consists mainly of small-sized organisms such as
larval and juvenile fish (Pleurogrammus mon-
opterigius) and squid (Gonatidae), euphausiids
(Thysanoessa longipes), amphipods (Parathem-
isto), copepods (Calanus cristatus), shrimp, and
Thecosomata, all of which are usually abundant
in the surface layer of the pelagic environment
(Ogi et al. 1980). In the breeding area, Tasmania,
the main food items of Short-tailed Shearwater
are the euphausiid (Nyctiphanes australis), and
arrow squid (Notodarus sloani gouldi), together
with fish, other crustaceans, and squids forming
a minor part of the diet (Skira 1986). Thus, the
Short-tailed Shearwater depends upon zooplank-
ton of lower trophic levels besides fish and squid
compared to the Sooty Shearwater.

The 6"*N of animals in the marine food web
increase about 3 to 4% per trophic level (Min-
agawa and Wada 1984, Wada et al. 1987, Fry
1988, Hobson and Welch 1992). However, Mi-
zutani et al. (1991) and Hobson and Clark (1992a)
estimated the §'*N enrichment values of 2.4%o
and 1.4%o for muscle of captive birds, Common
Cormorant (Phalacrocorax carbo) and Ring-billed



Gull (Larus delawarensis), respectively. The "N
enrichments in the muscle tissue-diet of pisciv-
orous birds are less than those of the other ma-
rine organisms (Hobson and Welch 1992), while
313C of animals and birds increase slightly about
1%o per trophic level and very close to those of
their diet. Its 6'3C abundance thus shows those
of available food source (Fry 1988, Hobson and
Welch 1992).

Near the Pacific coast of northern Japan, the
Sooty Shearwater had significantly higher §'*N
value than Short-tailed Shearwater with the dif-
ference of 1.2%o, suggesting that the trophic level
of the Sooty Shearwater was high as compared
to Short-tailed Shearwater. If their food habits
are not so different between the Southern and
Northern Hemispheres, the Sooty Shearwater
may feed on prey organisms of higher trophic
levels such as fish, while the Short-tailed Shear-
water may feed, at least partially, on zooplankton
as described above.

In the western subtropical Pacific, no differ-
ence in trophic level between the diets of the two
species would exist. However, there must be the
difference in food source between the two spe-
cies, as suggested by the higher §*C of Sooty
Shearwater. The Sooty Shearwater (5'3C:
—18.5%0, 6'"N: 10.9%0) sampled from the west-
ern subtropic may feed on mainly fish such as
Pacific saury (8"*C: —18.5%o, 6'N: 9.2%o), while
the Short-tailed Shearwater sampled from both
the western subtropic and subarctic may feed on
another prey organisms at the same trophic po-
sition with different §'3C value as suggested by
their stomach contents (Ogi et al. 1980, Ogi 1984,
Skira 1986, Shiomi and Ogi 1992). Consequent-
ly, analyses of trophic relationships of the two
shearwaters using stable isotope technique agreed
well with previous studies analyzing their stom-
ach contents.

CONCLUSIONS

The muscle §3C and 6N of the two migratory
seabirds were variable depending upon the
oceanographic factors through their prey organ-
isms. Our results indicated that the trophic re-
lationships of these seabirds could be elucidated
by taking the seasonal and areal variations of
their prey into consideration. More detailed in-
formation of feeding ecology in seabird species
could be obtained by simultaneous measure-
ments of stable isotopes and stomach contents.
The stable isotope technique would thus provide
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more time integrated and quantitative infor-
mation on food habits and migratory mecha-
nisms of these seabird species for which detailed
observations are quite difficult in the open ocean.
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APPENDIX 1. The sampling dates, sampling locations, measurements of body and 8'*C, §'*N values for Sooty
Shearwaters.

Sample Body
code Date Location Sex weight (g) 8C (%ec) 8N (Ybo)
Pacific coast of northern Japan in April
¥6674 1986 4 27 39°30'N, 144°30'E ] 915 —20.16 8.51
¥6675 1986 4 27 39°30'N, 144°30'E ? 870 —-20.23 8.22
¥6676 1986 4 27 39°30'N, 144°30'E Q 770 —21.20 8.52
¥6677 1986 4 27 39°30'N, 144°30'E Q 900 —-20.11 8.81
¥6678 1986 4 27 39°30'N, 144°30'E 3 900 —19.06 9.98
¥6679 1986 4 27 39°30'N, 144°30'E 8 770 —20.64 9.83
¥6680 1986 4 27 39°30'N, 144°30'E ] 940 —19.47 9.92
¥6681 1986 4 27 39°30'N, 144°30'E 3 900 —20.75 8.65
¥6682 1986 4 27 39°30'N, 144°30’'E ? 830 —19.75 9.88
¥6683 1986 4 27 39°30'N, 144°30'E 3 880 —-19.86 9.79
Western subtropical Pacific in June

B2520 1990 6 29 39°44'N,176°45'W 3 785 -18.15 11.87
B2571 1990 6 25 39°33'N, 172°55'E 8 750 —17.62 10.45
B2572 1990 6 25 39°33'N, 172°55'E ? 735 —18.22 12.96
B2739 19906 6 38°27'N, 179°32'W Q 760 —18.62 8.44
B2740 19906 6 38°27'N, 179°32'W 8 720 —19.21 10.28
B2821 19906 3 38°19'N, 179°20'E Q 730 —17.67 11.84
B3345 19906 7 37°58'N, 155°00'E 3 685 —19.16 10.52
B3346 19906 7 37°58'N, 155°00'E Q 730 —19.70 10.60




574 H. MINAMI, M. MINAGAWA anp H. OGI

APPENDIX 2. The sampling dates, sampling locations, measurements of body and §'3C, 85N values for Short-
tailed Shearwaters.

Sample Body
code Date Location Sex weight (g) 8C (%) 81N (%)
Pacific coast of northern Japan in April and May
¥6688 1986 4 24 40°30'N, 143°30'E 8 610 —22.35 8.21
¥ 6689 1986 4 24 40°30'N, 143°30’'E Q 615 —24.51 7.59
¥6690 1986 4 24 40°30’N, 143°30'E 3 565 —23.30 8.19
B1556 1989 4 25 39°30'N, 144°30'E Q 500 -23.18 7.36
B1559 1989 4 25 39°30'N, 144°30'E 8 490 —24.31 7.33
B1562 1989 4 25 39°30'N, 144°30'E Q 610 —24.48 7.37
B1557 1989 4 25 39°30'N, 144°30'E Q 470 —21.53 8.25
B1558 1989 4 25 39°30'N, 144°30'E 8 550 —22.97 7.93
B1560 1989 4 25 39°30'N, 144°30'E Q 530 —23.14 7.42
B1561 1989 4 25 39°30'N, 144°30'E 8 510 —20.51 8.09
¥6684 1986 5 1 41°34'N, 146°51'E 8 645 -23.27 8.12
¥6685 19865 1 41°34'N, 146°51'E Q 645 —22.60 8.76
¥6715 1986 5 10 40°07'N, 145°10'E 8 590 —-23.71 7.41
¥6720 1986 5 5 41°00'N, 145°00'E 8 545 -23.32 8.24
¥6721 1986 5 5 41°00'N, 145°00'E 8 465 —23.02 8.29
¥6722 1986 5 5 41°00'N, 145°00'E 8 525 —22.88 8.83
¥6723 1986 5 5 41°00'N, 145°00'E Q 575 —22.44 8.62
¥6724 19865 5 41°00'N, 145°00'E Q 525 —23.88 7.42
¥6725 1986 5 5 41°00'N, 145°00'E Q 525 —22.58 8.52
B1726 19895 2 40°30'N, 146°30'E Q 440 —22.85 8.14
B1742 19895 3 41°30'N, 146°30'E Q 520 —23.07 7.76
B1739 19895 3 41°30'N, 146°30'E Q 535 —-22.76 8.16
B1740 19895 3 41°30'N, 146°30'E Q 475 —22.88 7.96
B1745 19895 3 41°30’N, 146°30'E 8 535 -23.54 7.78
Western subtropical Pacific in June
B3347 19906 7 37°58'N, 155°00'E 3 415 -19.93 11.77
B3348 19906 7 37°58'N, 155°00'E Q 455 —19.43 11.07
B3349 19906 7 37°58'N, 155°00'E 8 440 —19.89 12.17
B3350 19906 7 37°58'N, 155°00'E Q 415 —19.40 11.47
Western subarctic Pacific in June

B1746 19896 9 45°30'N, 171°30'E 8 410 —-19.75 11.03
B1747 19896 9 45°30'N, 171°30'E Q 450 —19.99 11.85
B1748 19896 9 45°30'N, 171°30'E Q 385 —19.76 11.51
B1749 19896 9 45°30'N, 171°30’E ] 420 -20.24 11.12
B1750 19896 9 45°30'N, 171°30’'E Q 370 —18.96 11.59
B1752 19896 9 45°30'N, 171°30'E 8 400 —20.11 11.44
B1753 19896 9 45°30'N, 171°30'E e 430 -19.75 12.01
B1754 19896 9 45°30'N, 171°30'E 8 420 —20.12 11.51
B1553 1989 6 19 46°30'N, 170°30'E 3 510 -21.16 11.49
B1554 1989 6 19 46°30'N, 170°30'E 3 640 -21.96 9.52
B1555 1989 6 19 46°30'N, 170°30'E Q 400 -20.91 10.91
B1762 1989 6 8 45°30'N, 170°30'E 3 450 —19.86 11.22
B1763 19896 8 45°30'N, 170°30'E Q 395 —19.52 11.81
B1765 1989 6 8 45°30'N, 170°30'E Q 435 —20.25 11.72
B1766 19896 8 45°30'N, 170°30'E ? 440 —20.05 12.06
B3276 1990 6 17 46°30'N, 172°30'E 8 490 —19.85 12.05




