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Ecochemical approach using persistent environmental contaminants as
tracers to understand the feeding, migratory and reproductive characteristics
of southern minke whale aimed at their conservation, management and
reasonable whaling
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The southern minke whale, Balaenoptera acutorosérata, has been of great concern as a last
target species of Antarctic commercial whaling under the international controversy in connection
with conservation and exploitation of their resources. Due to such a situation, large number of
reports regarding their ecology and biology are available at present. However, there is not much
comprehensive information and consensus among scientisis about some important biological
parameters of this species. Hence, the outlook for elucidating them is rather bleak as far as using
a common approach. The present study is a new attempt using persistent environmental
contaminants such as heavy metals (Hg, Cd efe) and organochlorines (PCBs and p, p'-DDE) as
chemical tracers to evaluate several biological and physiclogical aspects of this species. During
the course of this study, the following results were obtained.

1) Asapreliminary study using heavy metals as tracers, their distribution in the organs and
tissues were examined. In general, the residue levels of heavy metals were found to be high in
liver and kidney. However, in view of their whole body burdens, muscle revealed greater quantity
of residues due to a larger proportion of this tissue in the body weight.

2) Taking account of the above observations, age trends of heavy metals were surveyed.
Unlike the essential elements such as Mn, Zn, Cu which revealed no variation of residue levels
with age, the toxic heavy metals such as Cd and Hg showed considerable increase in concentra-
tions until 10 years old and then gradual decrease. This is a specific pattern seen only in the
minke whale, but not in other marine mammals, suggesting the accelerating uptake of Cd and Hg
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through feeding due to the increase of krill biomass resuiting from a marked decrease of other
baleen whale resources by the commercial whaling.

3) According to a mathematical model based on the mercury residues to interpret the
historical change in feeding rate of krill by minke whale, it was estimated that the present animals
are feeding them about 50% more in quantities than previous ones 30 years ago. This implies that
the artificial disturbance of ecosystems like uncontrolled whaling cause changes not only to
structure and population of biosphere but also to enhance the accumulation and effects of toxic
chemicals in some animals by means of increasing their food consumption.

4) Above concern regarding increasing intake of toxicants was found in the residues of Cd
which showed high concentration and unusual age-dependent accumulation like decreasing levels
in aged animals. In order to understand the specific accumulation and possible toxic effects of Cd,
the present status of this metal in liver and kidney was examined using gel-permeation method.
Interestingly, larger proportion of Cd in renal cortex contained metallothionein. The particular
status variation of Cd as well as Zn with this protein were suggested in the alternate process of
starvation and feeding. Furthermore, the present status of Cd in kidney is changeable over its
residue level of 0.4 gmol/g on wet weight basis due to the decreasing potency to form Cd-
metallothionein. These observations provide an useful information to resolve the kidney lesion
caused by Cd exposure.

5) Beside heavy metals, persistent organochlorines were also detected in wide range of age
classes in the southern minke whale. The linear increasing trend of PCB and DDE concentrations
with age was observed in male animals. In contrast, female animals over 8 years old revealed low
residue levels of these contaminants. This fact indicates that the lactational transfer of persistent
organochlorines from mother to newborn calf start from this age and hence the female animals are
likely to reach the sexual maturity around 7 years old when taking account of a gestation period
of 10 months. The present observation strongly supports a previcus hypothesis that the age of
sexual maturity of southern minke whate has been gradually decreasing since 1940 and presently
keeping a steady state about 7 years old. Moreover, it was also estimated that the female animals
cease reproduction around 40 years old since their organochlorine residue levels start to increase
after this age. These informations on reproduction are key factors to estimate the minke whale
resources and hence expected to be useful for the conservation and management of these animals.

6) In order to understand the population structure and migratory pattern of southern minke
whale, organochlorine residues were determined in male animals collected from different whaling
grounds of Areas IV (70°E-130°E), V(130°E~170°W) and VI (170°E-120°W) in the Antarctic Ocean.
Consequenly, significant higher values of DDE were observed in Area IV than in Area V and V1.
This difference indicates that the population of southern minke whale consists of several groups
with inherent migratory pattern. Further investigations also suggest the possible feeding and
longer stay of immature animals in lower latitudes because younger minke whales have similar
ratios of DDE/PCB concentrations to those of marine mammals inhabiting lower latitudes. These
observations imply that the planless whaling in specific areas may impose a lot of time to recover
the local population of minke whale.

7) On the other hand, minke whales from northern hemisphere (near Japan} were also
analyzed and compared with southern ones regarding the residue levels of organochiorines. The
concentrations of PCBs and DDE were apparently higher in northern minke whales than in
southern ones and lower chlorinated members of PCBs were relatively enriched in latter animals.
Such patterns reflect the difference in feeding habits between northern and southern minke
whales as well as a fact that these chemicals were largely produced and widely used in northern
hemisphere in comparison with scuthern one.
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PFig. 2. Variations of PCB and DDE concentra-
fions (ng/g wet wt) in Southern minke
whale from different locations.
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