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Analysis of otolith microchemistry of chum salmon,
Oncorhynchus keta, collected in Otsuchi Bay,
northeastern Japan
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Ontogenic change patterns in otolith Sr: Ca ratios were examined in the chum salmon, Oncorhynchus keta collected
in Otsuchi Bay. Otolith Sr: Ca ratios of the salmon fluctuated strongly along the life history transect in accordance with
the migration pattern, i.e. all specimens exhibited a typical anadromous pattern in the ratio. The chum salmon has low
Sr:Ca ratios around the core region of otolith, whereas the distance (period) was extremely shorter than the other
salmonids reported previously. Therefore, chum salmon might migrate to sea immediately after releasing from hatchery.
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INTRODUCTION

The chum salmon is one of seven species of North
Pacific Oncorhynchus and has a typical anadromous life
history. The young chum salmon generally go to sea im-
midiately from the ground (Miller and Brannon 1982).
After the migration in ocean waters for 1 to 5 years, they
return to their natal river in fall, being of age 2 to 6 years
(Nagasawa and Torisawa 1991). While 50 years of ocean
research has greatly advanced our understanding of the dis-
tribution and many aspects of the biology of chum salmon,
the behaviour and habitat use of individual salmon on the
high seas remain poorly understood. Information on indi-
vidual migratory histories would provide basic knowledge
for both fish migration studies and fisheries management,
allowing effective and sustainable use of the chum salmon
resources. '

Wave-length dispersive electron microprobe analysis of
strontium (Sr) to calcium (Ca) ratios in otoliths has recently
been focused as a method for distinguishing between fresh-
water and marine migratory phases in diadromous fishes.
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Accordingly, this technique might also be applied to solv-
ing the complicated problem of the migratory pattern in the
chum salmon.

The objective of this study was to describe the ontogenic
changes in otolith Sr: Ca ratios of Oncorhynchus keta, and
to examine the usefulness of this technique in reconstruct-
ing the migratory history of the species.

MATERIALS AND METHODS

Oncorhynchus keta was collected using set nets in
Otsuchi Bay, Japan, on between August 29 and September
4, 2000 (Fig. 1). After measuring the total length (TL),
body weight (BW) and gonadosomatic index (GSI) (Table
1), sagittal otoliths were extracted from each individual.
Otoliths were then embedded in epoxy resin (Strues,
Epofix), mounted on glass slides and ground to expose the
core. After polishing with 6 ym and 1 ym diamond paste on
a polishing wheel (Strues, Planopol-V), they were cleaned
in an ultrasonic bath, rinsed with deionized water.

Electron microprobe analyses were carried out on the
total of 5 specimens (Table 1). For electron microprobe

Otsuchi Bay

Fig. 1. Map showing the sampling location in Otsuchi Bay, northeastern Japan. OMRC indicates the location of Otsuchi Marine Research

Center, Ocean Research Institute, The University of Tokyo.
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Table 1. Oncorhynchus keta. Sampling date, sex, fork length, body weight and gonadosomatic index (GSI) used for microchemical

analysis.
. . Fork length Body weight GSI
Fish number Sampling date Sex
pne (cm) (®) (%)
Chum salmon-2 August 29, 2000 Female 62.4 2857 11.3
Chum salmon-5 August 30, 2000 Male 61.6 2725 6.5
Chum salmon-7 September 4, 2000 Male 72.4 3744 5.7
Chum salmon-8 September 4, 2000 Female 69.8 3061 . 14.8
Chum salmon-10 September 4, 2000 Female 62.9 2497 11.4
10 "chum salmon-2 10 " chum salmon-8
8 8
6 6
4 r— 4
2+ 2 k
0 L 1 1 1 1 1 —J O 1 1 1 1 1 1 J
10 "chum salmon-5 10 [ chum salmon-10
8 8
o
3
- 6 6
x
© L
(_-)_ 4 4
L —
n 2 ok
0 — | 1 | i 1 1 0 1 1 1 1 1 1 -
0 500 1000 1500 2000 2500 3000 3500
10 ["chum salmon-7
Distance from the core (um)
8 =
6 -
4 -
2 -
o 1 1 1 1 1 1 |
0 500 1000 1500 2000 2500 3000 3500

Distance from the core (um)

Fig. 2. Oncorhynchus keta. Profiles of otolith Sr: Ca ratios measured with a wavelength dispersive electron microprobe from the core to
the edge. The number at the upper left indicates fish number.

analyses, all otoliths were Pt-Pd coated by a high vacuum
evaporator. Sr and Ca concentrations were measured along
the posterior axis from the otolith core using a wave-length
dispersive X-ray electron microprobe (EPMA; JEOL JXA-
8900R). Calcite (CaCO;) and strontianite (SrCO,;) were
used as standards. The accelerating voltage and beam cur-
rent were 15kV and 1.2X 1078 A, respectively. The electron
beam was focused on a point of 10 um in diameter, with

RESULTS

Migratory types of Oncorhynchus keta are shown in Fig.
2. In all specimens examined, the otolith Sr: Ca ratios in the
core region, averaging 4.6X107° (range; 3.5X107°-6.4X
1073), and the ratios dropped slightly, averaging 3.6Xx107°
(range; 3.3X107°-3.8X107?), from the core region to the
point at 200400 um. The life history transects of Sr:Ca

spacing measurements at 10 ym intervals. Datum of each
point represents the average of three measurements (each
counting time: 4.0 sec).

ratio were roughly divided into two patterns. The first pat-
tern (chum salmon-2, 7, 8, 10) showed that the Sr: Ca ratios
increased gradually toward the edge of otolith with two or
three subsequent Sr : Ca ratios peaks (6.2X107°-8.3X107%).
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The second pattern (chum salmon-5) was characterized by
a temporary increase in Sr: Ca ratios, averaging 6.2X1072,
from the outside of core region to edge of otolith, suggest-
ing a long-term residence in a mild environmental variation
in the ocean .

DISCUSSION

This study confirmed that otolith Sr:Ca ratios in chum
salmon reflected changes in ambient environmental condi-
tions and could indicate habitat transitions. Otolith Sr:Ca
ratios in the salmon changed abruptly from low to high val-
ues just outside of the core region of otolith, and thereafter
increasing gradually or maintaining constantly high Sr: Ca
ratios toward the edge. The abrupt increase in the ratio sug-
gests that specimens had experienced the marine environ-
ment following downstream migration. Overall, the Sr:Ca
ratio patterns observed in the chum salmon otoliths were
consistent with those seen in other salmonids, i.e. Salmo
trutta, S. salar and Oncorhynchus mykiss (Kalish, 1990),
O. nerka (Rieman et al. 1994) and O. masou (Arai and
Tsukamoto 1998). These considerations strongly suggested
that otolith Sr:Ca ratio analysis was available to the esti-
mation of the individual migratory history in chum salmon.

The chum salmon has low Sr:Ca ratios in the core re-
gion of otolith, whereas the distance (period) was extremely
shorter than the other salmonids (Kalish 1990, Rieman et
al. 1994, Arai and Tsukamoto 1998). It relates to the fact
that chum salmon migrate to sea immediately after releas-
ing from hatchery.

Change in otolith Sr:Ca ratios have been considered to
relate to environmental factors such as water temperature
(Radtke 1989, Radtke et al. 1990) and salinity (Arai and
Tsukamoto 1998, Arai and Miyazaki 2001, Tsuakmoto and
Arai 2001). In the present study, the profile of the Sr: Ca in
the chum salmon showed two or three subsequent peaks of
the ratio. Recently, thermal environment study in chum
salmon as indicated by data storage tags suggested that the
salmon encountered the different temperature environment
seasonally in the North Pacific and experienced temperature
varied among individuals (Walker et al. 2000). Therefore,
information of the seasonal temperature fluctuation experi-
enced by individual fish during migration might be incorpo-
rated into the otolith. For higher accuracy, however, mark-
recapture studies using micro data loggers will be needed to
determine the precise correspondence between fish move-
ment and Sr : Ca ratios in their otoliths.

This study is the first description of ontogenic changes in
otolith Sr: Ca ratios in chum salmon, showing its potential
for estimating migratory history. Tsukamoto et al. (1989)
has previously estimated the migratory history of individual
masu salmon by examining oxygen stable isotopic ratios
(*80/'%0) in the otolith by mass spectrometry. The patterns
in the otolith "*0/*O ratios of masu salmon reflected ambi-
ent environmental salinity, relating to the upstream migra-
tion. However, comparing the analytical procedure between
the two methods, the latter method was more complex than
the nondestructive analysis performed in the present study.
Furthermore, recent progress in otolith Sr:Ca ratio tech-
niques using EPMA have demonstrated the considerable

potential of the method for reconstructing seasonal life his-
tory traits and ontogenic development of diadromous fishes:
e.g. striped bass, Morone saxatillis (Secor et al. 1995),
freshwater eel, Anguilla japonica (Tsukamoto and Arai
2001) and the Russian sturgeon, Acipenser guldenstadti
(Arai and Miyazaki 2001). Therefore, the otolith Sr: Ca ra-
tios technique by EPMA has a great potential as a conve-
nient powerful tool to reconstruct the individual migratory
history as well as a life history traits and ontogenic devel-
opment.
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