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Molecular Phylogeney of Japanese Papilionidael! Lepidopterall
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ABSTRACT

U O The phylogenetic relationships among eight genera of the family Papilionidaél Lepidopteralfrom Japan

were studied by allozyme analysis of 17 different enzymes. Eight species adopted were Papilio xuthus,

Achillides bianor, Menelaides helenus, Parnassius glacialis, Luehdorfia japomoca, Atrophaneura alcinous,

Graphium sarpedon and Sericinus montela. From the allozyme variation in 35 genetic loci scored, the Nei's

genetic distances between eight species of the Papilionidae were calculated and the molecular phylogenetic

tree for eight species of the Papilionidae were constructed by UPGMA and NJ-methods. The phylogenetic

trees indicated the followings:

O 10 The two species] Sericinus montela and Luehdorfia japonicall of tribe Zerynthiini were monophyletic.

0 20 Among eight species of the Papilionidae, Graphium sarpedon of special morphological characters was
genetically differentiated from other seven species at allozyme level.

0 30 The phylogenetic relationships among three species of the tribe Papilionini were well consistent with
that inferred from the morphological study.

O 40 The phylogenetic positions of Parnassius glacialis was inconsistent with the taxonomic system adopted
widely by many workers: P. glacialis was not closely related with the member of Zerynthiini-group of
the same subfamily Parnassiinae.
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Introduction

U O Since the technique of enzyme electrophoresis was introduced into population genetic studies, many
workers have reported the levels of genetic variation observed in various groups of organisms.lJ However,
biochemical surveys of genetic variation in marine invertebrates have been limited when compared with
those in other animals such as insects or mammals.

OO0 The present author has been studying the molecular phylogeny of echinoids and asteroids of
echinodermsl] eg. Matsuoka, 1987; Matsuoka and Hatanaka, 1991; Matsuoka and Suzuki, 1989; Matsuoka et
al., 19940 In addition to the serial biochemical systematics of echinoderms, | reported on the population
genetic studies of echinoderms which survey the genetic variation within populations by using allozyme
analysis.[] Such studies would provide basic information to clarify the maintenance mechanism of genetic
variation within populations of echinoderms.  Echinoderms are in some respects well suited for population
genetic studies. Many species are abundant and form large dense populations which can be sampled
extensively without disturbing their natural population densities.l] Furthermore, as many species have
broad geographical distribution, we can study the difference in the extent of genetic variation among local
populations of one species and the population genetic factors that produce the differences.l] Fortunately,
the seas around Japan are diversified in biogeochemical conditions and the marine fauna, and have been
well known to be a rich yield for marine invertebrates.UJ In particular, the echinoderm fauna is very
abundant and in echinoids the number of endemic species and genera from the Japanese waters are greatest
in the world Shigei, 197400 Therefore, we have good conditions for undertaking the studies to clarify the
genetic structure of natural populations of echinoderms.

U O Though the asteroids and echinoids have been used extensively as experimental animals in the fields of
developmental biology and biochemistry, the population genetic study is much backward when compared
with other experimental animals such as insects] Drosophilall and mammals.J Recently, the molecular
phylogenetic study indicated that the echinoderms are closely related to vertebrate8] Miyata, 1994L1 Namely,
the echinoderms are on the key position in the animal evolution.] As the population genetic study is closely
related to the evolution, it would provide valuable information for elucidation of evolution to examine how
much genetic variation has accumulated within echinoderm populations by using allozyme analysis.O In the
present population genetic studies, the author chose the two starfish species, Acanthaster planci of the
family Acanthasteridae and Echinaster luzonicus of the family Echinasteridae as target species.[] These two
starfish are found in shallow water of subtropical seas of Ryukyu Islandgl Okinawalin Japan.O It is famous

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 90116, 2005
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that A. planci is the poisonous starfish and destroys the coral reef by eating the polyps of corals.] On the
other hand, E. luzonicus shows extensive intraspecific variation in body color.

O O In this paper, | report on the results of allozyme study designed to estimate the degree of genetic
variation and genetic differentiation in the two starfish, Acanthaster planci and Echinaster luzonicus from
Ryukyu Islandsl Okinawall in southern Japan, and compare the data with those of other echinoderms
reported previously.Ul Further, I would like to discuss about the maintenance mechanism of protein
polymorphism in echinoderms.

Materials and Methods

O O The two starfish species, Acanthaster planci and Echinoaster luzonicus were collected from the coasts of
Seragaki in Onnamura of Okinawa Pref. by scuba diving and snorkering.Ll Immediately after collection, the
pyloric caeca were cut off from living specimens and frozen in dry ice. They were then transported to my
laboratory of Hirosaki University, where they were stored at -400 until being analysed.ll The number of
individuals used in allozyme analysis was three for A. planci and 12 for E. luzonicus.Ll As A. planci is
poisonous and dangerous starfish, it was much difficult to collect by scuba diving and snorkering, and thus
the number of specimens was small. Allozyme analysis was performed on 7.5 00 polyacrylamide gel by the
method described in Matsuoka and Hatanakal 19910000 About 0.2g pyloric caeca was individually
homogenized with 3 vols. of 20mM phosphate buffer containing 0.1M KCI and 1mM EDTAI pH 7.000 by
using Potter-Elvehjem type homogenizer in an ice water bath.C] The tissue extract was centrifuged at
10,000 rpm at 5 min and the clear supernatant was used for enzyme electrophoresis.l] Electrode buffer was
Glycine-tris buffer, pH 8.3.00 After electrophoresis, the following 11 different enzymes was analyzed: malate
dehydrogenasel] MDHL] nothing dehydrogenasel NDHL] xanthine dehydrogenasel XDHL] glucose-6-
phosphate isomeraseld GPILJ hexokinasel HKLJ superoxide dismutaskel SODL] aspartate aminotrasferase
O AATLO alkaline phosphatasel ALK peroxidasel POL esterasel ESTLand leucine amino peptidase! LAPL
Allozyme analysis was conducted as described in Matsuoka and Hatanakal 1991[]

Results and Discussion

O O Thirty five genetic loci were detected from the allozyme variation observed in 11 enzymes. Of 35 loci
scored, the following nine loci were polymorphid] Mdh-2, Hk, Po-3, Po-4, Est-1, Est-3, Est-6, Lap-1 and Lap-
6L] From the allele frequencies data in 35 genetic loci, the author calculated the extent of genetic variation
within populations of the two starfish.Ll The results are summarized in Table 1. As shown in this table, the
number of alleles per locusl] Al was 1.13 and 1.26, the proportion of polymorphic locill PCJ 1250 and

Table 1. Genetic variation and genetic differentiation in two starfish species,
Acanthaster planci and Echinaster luzonicus from Ryukyu Islands

Parameter Ap El
No. of enzymes analysed 11 11
No. of genetic loci scored 35 35
No. of alleles per locus! ALl 1.13 1.26
Proportion of polymorphic lodil PO O O 125 22.9
Expected average heterozygositiy/ HO [ O 6.1 9.3
Genetic identity/ 10 0.417
Genetic distancel DO 0.875

Ap : A. planci, El : E. luzonicus
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Table 2. Genetic variation in various starfish populations

U O O Species Average heterozygositiy] HO Source

[ 1[8hallow water echinoderms
Class Asteroidea

0 Asterina pectinifera 2.9 a
U Asterina batheri 8.7 a
U Asterina coronata japonica 3.3 a
U Asterina pseudoexigua pacifica 338 a
0 Asterina minor 0 a
U Asterias forbesi 4.1 b
U Asterias vulgartis 2.3 b
O Asterias amurensis 7.6 c
U Coscinasterias acutispina 8.5 c
U Aphelasterias japonica 6.4 c
U Plazaster borealis 5.9 c
U *Acanthaster planci 6.1 present study
U *Echinaster luzonicus 9.3 present study
0 2[Deep-sea echioderms
Class Asteroidea
U Distolasterias nippon 16.7 d
J Myxoderma sacculatum ectenes 14.4 e
U Pteraster jordani 10.1 e
U Diplopteraster multiples 10.8 e
U Nearchaster aciculosus 19.5 e
Class Ophiuroidea
U Ophiomusium lymani 17.0 f
Class Echinoidea
U Prionocidaris baculosa 14.0 g
U Asthenosoma ijimai 22.4 h
U Asthenosoma ijimai R. 271.7 h

a=Matsuokal 1981[] b=Schopf and Murphil 19730 c=Matsuoka et al.lJ 1994(]
d=Matsuoka et al.l] 1993L] e=Ayala et al.[] 19750 f=Ayala and Valentingl 19740
g=Matsuoka and Inamofil 1999L] h=Matsuoka et al.l] 2004L]

2290 , and the expected average heterozygosity per locusl HO 6.1 0 and 9.30 for A. planci and E.
luzonicus, respectively.

O O In parallel with the molecular phylogenetic studies of echinoderms, | have reported on the extent of
genetic variation within populations of various echinoderm species. It is valuable to compare the extent of
genetic variation in two starfish species studied here with those observed in other echinoderm populations.
Table 2 summarizes the values of the average heterozygosity per locus! HLin various echinoderms reported
previously and those of the two starfish, A. planci and E. luzonicus in this study. The echinoderm species
shown in this table are divided into two large groups: one is those living in shallow water and the other
those in deep-sea water. Table 2 indicates that the asteroids from shallow water have the lower genetic
variability than the echinoderms from deep-sea. The average heterozygosity per locusl H=6.1 0, 9.3 0
in the two starfish examined in this study were comparable to H values of other echinoderm species living
in shallow water as well as the two asteroids, but considerably lower than those of echinoderms from deep-
sea.l]l In addition to asteroids, we reported the genetic variation within various echinoids from Japanese
waters[) Matsuoka, 1987; Matsuoka and Suzuki, 1989; Matsuoka, 198901 According to it, all of 13 species
belonging to four different families of the order Echinoida and four species of the order Diadematoida from
shallow water showed the low genetic variability. For example, Toxopneustes pileolus of the family
Toxopneustidae was H=0.9 [0, Strongylocentrotus nudus of the Strongylocentrotidae H=2.6 0, Echinometra
mathaei of the Echinometridae H=1.5 0, and Diadema setosum of the Diadematidae H=3.5 O . Similar results
have also been observed in some marine invertebrates other than echinoderms] Valentine and Ayala, 19780
U0 To explain the difference of genetic variation in marine invertebrate populations from different
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environments, several predictions were proposed until now.[l Ayala and Valentinel 197400 suggested that
marine invertebrates from trophically stable environment such as deep-sea water generally show higher
genetic variation than those from trophically unstable environment such as shallow water in temperate
latitudes..] Namely, populations in trophically unstable environment would be selected, and the population
size becomes smaller and the founder effect begins to act for the population.lJ The founder effect decreases
the extent of genetic variability in population.O Their prediction is based on the natural selection theory,
but it can also be explained by the neutral theory.l] Kimurall 19830 stated in his neutral theory that most
mutations at molecular level are selectively neutral and most of the remainnings mildly deleterious.
Therefore, the latter mildly deleterious genes would be selected in unstable environment such as shallow
water in temperate latitudes.J On the other hand, in more stable environment such as deep-sea water, some
of such mildly deleterious genes can function and may be maintained in populations..] As a result, the
extent of genetic variation in marine invertebrates from unstable environment such as shallow water would
become lower than that from stable environment such as deep-sea water.l] The prediction of Ayala and
Valentinel 197401 seems not to be contradictory to the neutral theory of Kimurall 1983L]
00O From the extensive allozyme studies in various organisms, several workers noted that small
populations have lower heterozygosity than large populations.[] For example, Selender et al.[0 19710
reported that the Santa Rosa Islandl off the Gulf Coast of the Florida panhandled population of Peromyscus
polionotus of which the population size is known to be of the order of 12,000, showed much lower
heterozygosityll H=1.8 U 00 than the Florida populationd H=8.6 1 [0 The cave populationst 200-500
individualsLof the characid fish Astyanax mexicanus in Mexico also showed a very low heterozygosity when
compared with the nearby surface populationl] Avise and Selender, 1972LI100 One of the most extreme
examples of low heterozygosity is that of the cheetah, the fastest running land animal of the carinivores.
The population size of the species has been estimated to be from 1,500 to 25,000.L1 O’ Brien et al.[J 198501
examined 52 electrophoretic loci for 55 individuals, and they discovered that the cheetah has no genetic
variability. It is interesting to see that this highly evolved animal species has little genetic variability.[] Nei
0 19830and Nei and Grauf] 1984[lexamined the relationship between average heterozygosity and population
size for 77 different species..] As a result, they found a positive correlation between heterozygosity and
population size.lJ Putting these data together, | would like to propose that the difference in the extent of
genetic variation between invertebrates from shallow water and those from deep-sea is closely related to
their population size.lJ Namely, it would be well expected that the population size of invertebrates from
deep-sea is much larger than that from shallow water, and thus marine invertebrates of the large population
size from deep-sea can maintain higher genetic variability than those of the small population size from
shallow water.
0 O As evident from Table 2, several workers reported until now that deep-sea echinoderms have higher
genetic variation than shallow water species: The starfish, Distolasterias nipon from deep-sea of Mutsu Bay
in Aomori Pref. of northern Japan showed considerably high genetic variation® H=17 O (1] Matsuoka et al.,
19930 Additionaly, the primitive echinoid, Prionocidaris baculosa, of the order Cidaroida from deep-sea had
high genetic variationd H=14.0 O [1J Matsuoka and Inamori, 1999010 Ayala et al.00 19750 reported that all
of four starfish species from deep-sea water showed high genetic variation H=10-20 00 0O Further, Ayala
and Valentine[d 19740 found that the ophiuropid, Ophiomusium lymani from deep-sea also showed the high
genetic variationd] H=17 O 0O More recently, we reported the allozyme study demonstrating that the
echinothurioid, Asthenosoma ijimai, from Japanese waters consists of two distinct species : one is A. ijimai
from Sagami Bay in Honsyu and the other A. ijimai R. from Rykyu Islands(] Okinawall] Matsuoka et al.,
2004000 O The two echinothurioids, A. ijimai and A. ijimai RO are deep-sea species and both of them
showed the high genetic variation] Table 2[]
O O With respect to the difference of genetic variation in echinoderms from shallow water and deep-sea,
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Table 3. Genetic identities] Il0and genetic distances] DUbetween
different genera of asteroids

Pairs I D
A. amurensis vs Ap. japonica 0.475 0.744
A. amurensis vs C. acutispina 0.434 0.835
A. amurensis vs D. nipon 0.484 0.726
A.amurensis vs P. borealis 0.598 0.514
Ap. japonica vs C. acutispina 0.433 0.837
Ap. japonica vs D. nipon 0.506 0.681
Ap. japonica vs P. borealis 0.397 0.924
C. acutispina vs D. nipon 0.401 0.914
C. acutispina vs P. borealis 0.370 0.994
D. nipon vs P. borealis 0.360 1.022
*A. planci vs E. luzonicus 0.417 0.875

The data except A.planci and E.luzonicus were quoted from
Matsuoka et all] 19941 The genus names are that A: Asterias,
Ap: Aphelasterias, C: Coscinasterias, D: Distolasterias and P:
Plazaster.

Kimurall personal communicationl] who proposed the neutral theoryU Kimura, 19830 suggested that the
echinoderm species from deep-sea would have larger population size than those from shallow water, and
thus the larger population size make it possible to hold the higher genetic variation within populations.U In
order to confirm the difference of genetic variation between shallow water and deep-sea echinoderms,
further extensive population genetic studies in various marine invertebrates from different environments
would be required.

0 O Gojoborild 198200 examined the relationship between the enzyme groups and heterozygosity by using
data on 20 different enzymes from 14 Drosophioa species, 14 Anolis species and 31 other species.[] As a
result, he found that enzymes with various functional constraints tend to have low heterozygosity.l The
present study showed that esterasel] ESTU or peroxidased POU of non-specific enzymes are more variable
than dehydrogenases of higher substrate-specificity.[] These findings support the neutral theory of Kimura:
the more strictly functional constraints would decrease the neutral regions of the molecules and the
probability of amino acid replacement being selective neutral becomes smaller for enzymes with strictly
functional constraints.

U0 To estimate the degree of genetic differentiation between the two starfish species studied here, |
calculated the genetic identity I0J and genetic distancel] DU from allele frequencies data by the method of
Neill 1972000 As a result,[] the genetic identity was 1=0.417 and the genetic distance was D=0.875.
Previously, we reported the phylogenetic relationships among five asteroid species of the family Asteriidae
by allozyme analysikl Matsuoka et al., 1994[] Table 3 summarizes the | and D values obtained between the
five asteroids and the present data. As evident from this table, the | and D values between A. planci and E.
luzonicus were comparable to those obtained between asteroids of different genera. U As described in
Matsuoka and Sugiyamall 20050] Thorpe [ 198201 examined the relationship between the taxonomic rank
and genetic identity in various organisms and prepared the figure showing the positive correlation between
them. According to the figure, the range of genetic identity) I in each taxonomic rank is as follows:
conspecific local populations are 1=0.9-1.0, closely related species of the same genus [1=0.7-0.89, distinct
species of the same genus 1=0.5-0.7, and different genera of the same family 1=0.2-0.49. When compared the
present data with his figure, the | valuel 1=0.4170 between A. planci and E. luzonicus was comparable to
those observed between different genera in many other animals.l] The traditional taxonomic system that the
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present two asteroids should be classified into two different genera is consistent with the present allozyme
study.

OO In comparison between allozyme analysis and mtDNA analysis, Neill 19870 suggested that the
resoloving power of mtDNA is not necessarily higher than that of allozymes. U This is particular so when
the restriction enzyme technique is used.lJ According to the estimation of Neill 19870] electrophoresis is
expected to survey about 100 nucleotides per locus. If we examined 30 loci by electrophoresis, it is
equivalent to studying 3,000 base pairs at mtDNA level.. Therefore, the resolving power of allozyme
analysis is not lower than mtDNA analysis which has been using extensively until now. O Murphy et al.
0 19960 claimed that in phylogenetic and population genetic studies many molecular characters should be
used and that the enzyme loci at allozyme analysis are the important molecular characters.lJ The number of
molecular characters adopted in protein electrophoresis is more enough than that of mtDNA study.
Although protein electrophoresis is one of the traditional methods, it is one of powerful techniques for
estimating genetic variation within population and genetic differentiation between related taxa.

O O In conclusion, | would like to propose that the shallow water echinoderms tend to show lower genetic
variability than those from deep-sea and that the degree of genetic variability within populations is closely
related to the population size.

Abstract

O O Enzyme polymorphism was studied in the populations of two tropical starfish species, Acanthaster
planci of the family Acanthasteridae and Echinaster luzonicus of the Echinasteridae from Ryukyu Islands
U Okinawallin Japan by allozyme analysis of 11 different enzymes. In 35 genetic loci scored, the proportion
of polymorphic locil PO was 12.5 [0 and 22.9 [0, the average heterozygosity per locustd HO was 6.1 U and
9.30, for A. planci and E. luzonicus, respectively. These values were comparable to those observed in
many other asteroids and echinoids living in shallow water as well as the two starfish studied here, and
lower than those of echinoderms from deep-sea. The author suggested that the extent of genetic variation is
closely related to the population size:Echinoderms from deep-sea have large population size, and thus they
can maintain high genetic variability within population. Furthermore, the substrate specific enzymes
U dehydrogenases(] of strict functional constraints showed the lower genetic variability than the non-specific
enzymes such as esterasél ESTCLor peroxidasé] POUof weak functional constraints. The result is consistent
with the neutral theory of Kimura. The genetic identity] ICand genetic distancel DCbetween the two starfish
species were 1=0.417 and D=0.875.0 These values were comparable to those obtained between different
genera in other asteroids and many animal groups. The maintenance mechanism of genetic variation in
echinoderm populations was discussed in some detail from the viewpoints of population genetics and the
neutral theory with putting the allozyme data of echinoderms obtained until now together.
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Somaclonal Variation and Comparison to Mutation Induced by X-rays in
Ricell Oryza sativa L.L by Using Rice Landmarker

Makoto YAMADA "% Zhongen Lu"*, Yusuke KUrRATA"®, Yukari MATSUNAGA “* and
Minoru Nizeki™*

" Faculty of Agriculture and Life Science, Hirosaki University
P2 Qumitomo Pharmaceutical Company

% Nichiro-Aomori Company

P4 Faculty of Science, Nagoya University

SUMMARY

0 O By using rice DNA clones of landmarker set 1, set 2 and new set, RFLP analysis was carried out in
plants of cv. Tsugaruotome and cv. Mutsuhomare which were derived from 300 Gy of X-ray-irradiated
seeds.] In the three landmarker sets were consisted of 106 genomic DNA clones and 235 cDNA clones.
Each cultivar has five plants which showed polymorphism.O It is considered that the occurrence of some
mutation of gene concerned with DNA repairing because certain plants showed polymorphism by many
landmarkers as probes. [0 Activity of retrotransposon such as Tosl7 and alteration of methylation pattern
were not observed on any plants derived from X-ray-irradiated seeds. [J On the other hand, in plants
regenerated from cultured calli, it was found the movement of Tosl/ to certain area of hot spot and
alteration of methyration pattern. O Furthermore, it has been reported that amplification of repeated DNA
segment which was not observed in the mutation induced by X-rays. U Thus, on plant breeding the
somaclonal variation may be more useful than the mutation induced by X-rays.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 1701 23, 2005
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Studies on levels of polyphenolic compounds in commercial tea beverages,
their free radical scavenging activities, and antioxidant activity of
procyanidins

Fumiyuki SAasaki, Eri IsHIKAWA, Suguru OsARI, Reiko SATO, Naritaka TAKEMOTO,
Shinya HonbA, Youichi FuisikaNg, Takashi Suzuki, Kyoichi OsADA

Laboratory of Food and Nutrition Chemistry

SUMMARY

0 O The levels of polyphenolic compounds and antioxidant activities of 4 species of tea beveragesl] A:
Okinawa-Shimacha combined guava leaf; B: Catechin beverage having high level of catechin; C: Oolong
tea; D: Black tea from commercial black tea leafl] were examined. Moreover, the antioxidant activity of
procyanidins compounds rich powder from unripe appled APPU on linseed oil was examined. The level of
polyphenolic compounds of each beverage was in the decreasing order Bl 1482ug/mil DI 647ug/mIt A
0 260ug/miItd € 235ug/mll The DPPH radical scavenging potency of each beverage was in the decreasing
order BU CO AU D. Therefore, the free radical scavenging potency depended on both the level and the
component of polyphenolic compound. The peroxidation of linseed oil was inhibited by addition of APP.
Especially, the additive APP interfered with the inducing period of radical chain reaction.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 240 28, 2005
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Feeding Activity Rhythms of Juvenile Gobiid Fish, Chaenogobius gulosus,
at Tidally Different Localities.

Yuji SawAra and Kouichi SATO"

Department of Bioproduction, Faculty of Agriculture and Life Science,
Hirosaki University, Hirosaki 036-8561 Japan
00 Civil Engineering and Eco-Technology Consultants Co. Ltd.

U Received for publication October 14, 200501

Abstract

0 O Feeding chronology of juvenile gobiid fish, Chaenogobius gulosus, was concurrently studied at two
tidally different localities, i.e. the shore of Asamushi facing Mutsu Bay, and the shore of Fukaura facing the
Sea of Japan. The main food items were classified into three categories, namely, benthic animals, planktonic
animals, and terrestrial insects. Benthic animals were much taken at night, but were also taken during the
daytime when water level was low. Zooplankters were chiefly taken when water level was high during the
daytime. Terrestrial insects were mainly eaten in the evening. Thus the feeding chronology of juvenile C.
gulosus was composed of diel rhythm and tidal rhythm, corresponding to observed behaviour of the fish.

Keywords: Feeding activity rhythm, intertidal fish, goby, Chaenogobius gulosus

O O Intertidal fishes are exposed not only to diel but also to tidal change of environment. Tidal change of
environment is drastic to these fishes, including abiotic factors such as water level, water turbulence,
temperature and light intensity, as well as biotic ones like prey availability and predation risk.
U O Fishes, including gobiids, inhabiting this habitat are known to display an endogenous circatidal rhythm
of ca. 12.4 hours when placed in a constant environmentU Gibson 1973, Gibson and Hesthagen 1981,
Northcott et al. 1990, Sawara and Azuma 199201 Typical tidal rhythm is a rhythm of about 12.4 hours, but
it varies from coast to coast, depending on the local topography. So, it is an interesting problem to compare
the activity rhythms between different populations, belonging to a same species, inhabiting tidally different
localities. Sawarald 199200 studied the activity rhythm in the juveniles of a goby, Chaenogobius gulosus
U formerly Chasmichthys gulosus] in a constant environment, and compared the rhythms between two goby
populations inhabiting rocky shores which have very different tidal regimes. The goby collected at
Asamushi, which faced Mutsu Bay, had a clear circatidal rhythm, whereas those from Fukaura, which faced
the Sea of Japan, did not exhibit such clear one.
O O However, it is not known what kind of activities in the field corresponds to the activities exhibited in
laboratory. So, it is an interesting problem to study and compare the activity rhythm of the juvenile C.
gulosus in the field, between the above two localities.
U O In the present study, we examined the changes of the index of gut fullness and of the diet composition
of juvenile C. gulosus over 27 hours, concurrently collected at two tidally different localities, on spring tide
and on neap tide. Moreover, we observed the behaviour of the C. gulosus at each time of collection,
especially on two aspects, namely, whether they were shoaling or solitary, and whether they were floating

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 2901 36, 2005
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in water column or being on substrate. Then we discussed the correspondence between the high activity
exhibited in constant environment and the activity pattern in the field.

Study Area

O O Samples were collected at two rocky shores facing Mutsu Bay and the Sea of Japan, in Aomori
Prefecturel Fig. 100 These sites were the same localities where the materials were collected in a former
study [0 Sawara 1992[] Both sites are well protected from heavy wave actions. The shore of Asamushil 40
° 54’N, 1400052’EQ facing Mutsu Bay, has a comparatively regular, semidiurnal tidal regime, and larger
amplitude. In contrast, the shore of Fukaural 400J39'N, 1390156’ E[] facing the Sea of Japan, has an irregular
tidal regime, alternating semidiurnal and diurnal tides, and smaller amplitude. These differences in tidal
regime were previously described in detail by Sawarall 1992[]

i /\/

Sea of ﬁp FPacific
Japarn Ocean
Asamushl

Fukaura

® Hirosaki

Fig. 1. Sketch map of the collection localities.

Materials and Methods

0 O Chaenogobius gulosus! Guichenotlis a gobiid fish and a resident in all types of intertidal zone including
sandy shore and sometimes brackish estuaries, though mostly found at rocky shores. Although adults are
benthic and solitary, juveniles are often seen floating in water column, usually forming shoals. The
materials used in this study were juveniles at the transient stage from floating to benthic life.

U O Collection of the fish was concurrently made in 1996 at rocky shores of Asamushi and Fukaura, over 27
hours on 30-31 JulyO spring tidelJ and on 7-8 Augustll neap tide[J and once more for Asamushi fish on 14-
15 Augustl] spring tidel] though over 24 hours this time. These collection sites were the same sites where
the materials were collected in a previous studyl Sawara 1992[] The fish were collected at three hours
interval, except for nighttime on 31 July at Asamushi when collection was difficult, by three to five persons
at a time, using hand-nets. Collection was made within 40 minutes at most, usually less than 10 minutes.
Collected fish were immediately killed by overdose of an anesthetic, MS222, to prevent regurgitation of gut
contents, and transferred to 100 formalin. Head lamps were used for nighttime collection. Water
temperature, weather condition, and the behaviour of the juvenile C. gulosusC! shoaling or solitary, floating
or benthicll were recorded at each time of collection. An automatic water level recorderl] Rigosha RMTDO
was used at Fukaura, whereas the data for water level at Asamushi were available from the records by
Asamushi Water Level Recording Station.

O O Later the samples were weighed and measured for their body lengths to the nearest 0.5mm, and
dissected under a binocular microscope. The gut was divided into two parts, namely, the anterior portion
and the posterior portion, at the first bending, and the contents were separately weighed, and the food items
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in the anterior were classified and the volume of each item was recorded by points method, allocating 100
points in total to each food item according to its volume by eye. The index of gut fullness was calculated as
gut content weight / body weightx 100.

Results

U O The tidal amplitudes on the days studied were as follows: ca. 70cm and 60cm on spring tides at
Asamushil 30-31 July and 14-15 August, respectivelyl] ca. 30cm on spring tide at Fukaural 30-31 Julyl] and
ca. 32cm on neap tide at Asamushill 7-8 Augustl] and ca. 19cm on neap tide at Fukaurall 7-8 Augustl

O O The ranges of the water temperature variation during the study periods were: 1.30 Asamushilland 1.0
U Fukaurall degrees centigrade on 30-31 July, 4.90 Asamushill and 2.20 Fukaurall degrees on 7-8 August,
and 3.3 degrees at Asamushi on 14-15 August, respectively. The highest temperature measured was 26.9 at
16:00 at Fukaura on 8 August, whereas the lowest was 20.2 at 1:00 and 4:00 at Asamushi, on 8 August.

Index of Fullress & Ebdy Weight} Idex of Fullness (% Body Weight!

Index of Fullress (& Ebdy Weight)

Irdex of Fullness (% Body Weight)

n

o5 [

Changes of the average index of fullness of
anterior gut and diet composition. Food compo-
nents were classified into three categories,
benthic animals, planktonic animals, and terres-
trial insects, with unidentifiable materials. Black
bar represents nighttime. Arrows indicate high
tidel A0 and low tided v [ respectively. Each
figure indicates the number of samples dissected.
The index of fullness of anterior gut was
compared between successive high and low
peaks. NS: Not significant, U : PUJ 0.05, [0 U : PUJ 0.01
O Mann-Whitney U-testl] A: Asamushi spring tide
U July 30-310 B: Fukaura spring tidél July 30-310.
C: Asamushi neap tidel] August 7-8L1 D: Fukaura
neap tidel] August 7-8L1 E: Asamushi spring tide
0 August 14-15[]
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<Changes of index of gut fullness>

0O O The number of the samples dissected was 787 in total 00 N=112 for Asamushi July 30-31, N=164 for
Asamushi August 7-8, N=151 for Asamushi August 14-15, N=180 for Fukaura July 30-31, N=180 for
Fukaura August 7-8[1 The average body length slightly increased during the study period, from 27.83 *
2.65mmU0 meant SDU on 30-31 July to 28.59 + 3.80mm on 7-8 August for Fukaura fish, and from 23.67 +
2.75mmU mean+ SDO on 30-31 July to 29.88 + 3.80mm on 14-15 August for Asamushi fish. The overall
average body length was 28.21+ 3.29mm U mean+ SD, N=3600 for Fukaura fish and 27.09+ 4.40mm! mean
+ SD, N=4270 for Asamushi fish, respectively.

0 O The index of anterior gut fullness was higher during the nighttime than daytime for 4 sampling periods
except for Asamushi 30-31 July when planktonic copepods were much taken in the daytimel Fig. 2A-EL]
Gastric evacuation rate was not directly measured, but the quick disappearance of anterior gut contents in
the morning on 31 July at Fukaura, 8 August at Fukaura and 15 August at Asamushi suggests the rate of
evacuation for juvenile C. gulosus in the field. Considering the change of the index of fullness, juvenile C.
gulosus seems to forage both in the daytime and at night, but more food was taken during nighttime in most
cases.

<Food composition>

0O O The main food items, known from the gut content analysis for all samples collected irrespective of the
time of dayl N=7870 were small invertebrates, such as crustaceansl] gammaridean amphipods, isopods,
copepods, ostracods, caprellids etc.l] polychaetes, foraminiferans, and terrestrial insectstJ hymenopteran
adults, aphids etc.l] Plant materials were negligible. Gammaridean amphipods were by far the most
important food item, comprising 37.3 percent of gut content weight for overall samples combinedd) N=787L1
Foraminiferans] genus Ammonialll 8.9 percentlJ and planktonic copepods[! calanoids and cyclopoids[L] 8.6
percentl) were the second and third important items. The fish collected on 30-31 July at Asamushi had a
strikingly different diet composition from the other samples. Gammaridean amphipods comprised only 2.8
percent in weight, while the percentage of planktonic copepods amounted to 58.3 percent. In contrast,
gammaridean amphipods amounted to 34.8-47.4 percent for the other four samplings.

O O We classified these food items into three categories, namely, benthic animals! gammaridean amphipods,
isopods, ostracods, harpacticoid copepods, benthic foraminiferansC] genus Ammonial] polychaetes,
caprellids] planktonic animalsU calanoid and cyclopoid copepods, zoea larvae, fish larvae, mysids and
terrestrial insects such as hymenopteran adults and aphids.

U O The three food categories were consumed in different time of day and time of tide. Benthic animals
were primarily taken at night, but they seemed to be also taken in the daytime particularly when the water
level was low. On the other hand, zooplankters were chiefly taken in the daytime, especially when water
level was high. This was particularly notable on 30-31 JulyU spring tidelJ and on 8 Augustl neap tidel at
Asamushi when planktonic copepods were abundantly consumed. However, fish larvae and zoea larvae
were eaten irrespective of the tidal state, being consumed even when water level was relatively low as 14
AugustU spring tided at Asamushi and 30 JulyU spring tidel] at Fukaura. Terrestrial insects did not seem
to have clear period of consumption, but were much eaten in the evening on 14 August at Asamushi and on
7 August at Fukaura.

O O Juvenile C. gulosus were usually found to be in one of two conditions, i.e., either forming shoals in
midwater or dispersed on substrate. However, some juveniles were found forming shoals on substrate,
particularly in the early morning, and some, probably strayed individuals, were occasionally found solitarily
in midwater in the daytime.

O O At night, the juveniles were always found dispersed on substrate irrespective of tidal state. In the
daytime, on the other hand, they were not always forming shoals in midwater, and some individuals were
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found solitarily on substrate, when water level was low, like those at night. Therefore, the behaviour of
juvenile C. gulosus was related to two environmental rhythmicities, namely, diel rhythm and tidal rhythm.
There was no difference in the behaviour neither between the two localities nor between tidal regimes
U spring tide or neap tidel]

Discussion

0 O The main food of juvenile C. gulosus was small invertebrates, such as gammaridean amphipods,
isopods, ostracods, copepods, polychaetes, caprellids, foraminiferans and terrestrial insects. Gammaridean
amphipods were the most important food item. These food habits of juvenile C. gulosus roughly coincide
with those of sub-adults reported by Sasaki and Hattoril 196901 at Pacific coasts in Chiba Prefecture, Japan.
0 0O The feeding chronology known from the change of gut contents showed that both diel and tidal
components contributed to the feeding pattern of juvenile C. gulosus. Although juvenile C. gulosus took
foods throughout a day, it usually foraged more intensively at night than in the daytime. At night, they took
benthic foods irrespective of the tidal state. In contrast, in the daytime, the juveniles took benthic foods
more around low tide, while consumed planktonic foods more around high tide, thus corresponding to tidal
rhythm. The consumption of planktonic copepods at high tide was notable at Asamushi than at Fukaura. It
is unlikely that the change of water temperature had any significant effect in forming such feeding patterns,
because C. gulosus took more food in the nighttime when the water temperature was generally low,
suggesting that relatively low water temperature at night did not suppress feeding activity.

U O These changes in gut contents well corresponded with their behaviour observed in the field. At night,
the juveniles were always found dispersed on the substrate irrespective of tidal state. It is uncertain
whether this is simply resulted from their inability to keep shoaling and orientation in midwater at night or
not. Whatever the reason, benthic small invertebrates are of easier access to the fish then. The diel activity
pattern of the small invertebrates eaten are not known in detail, but the amphipods, isopods and ostracods
studied so far have rather nocturnal than diurnal activities in most casesl] Robertson and Howard 1978,
Alldredge and King 1980, 1985, Sudo et al. 19870] although the situation is sometimes complicatedl e.g.
diurnalism in immatures vs. nocturnalism in adults of an isopod; De Ruyck et al. 199101 Therefore, night
activities of the small invertebrates may also have contributed to the nighttime feeding by juvenile C.
gulosus because of their higher detectability, although the nature of the sense used to take food at night is
unknown. Exploitation of small benthic invertebrates when they migrate into water column during
nighttime is also reported for other fishesl Robertson and Howard 1978, Robertson and Klumpp 1983, Sudo
et al. 198701

0 O In the daytime, on the other hand, the juveniles more tended to form shoals in midwater around high
tide, and planktonic small animals were more likely to be available for them. Planktonic foods usually
comprised relatively small portion of the overall foods taken, and consumption of planktonic foods at high
tide in the daytime did not regularly occur. However, planktonic copepods can make a large portion of the
gut content in some case, like on 31 July at Asamushi. Planktonic copepodd] cyclopoids and calanoidsUare
known to form dense aggregations and make good food patches for shore fishes when they are transferred
onshoreld Noda et al. 1992, 1998L] The larger tidal amplitude at Asamushi may have contributed to transfer
the aggregations of planktonic copepods onshore on high tide. Benthic animals, on the other hand, were of
easier access when water level was low and most juveniles were on substrate, although some individuals
remained in midwater. The terrestrial insects were seemingly more eaten in the evening, but the
rhythmicity was not so clear, probably because non-diel factors such as weather and wind condition were
more important.

00O The feeding rhythm of juvenile C. gulosus can be regarded principally as diel one partially
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superimposed by tidal one. During the nighttime, the juveniles take benthic foods irrespective of tidal state.
In the daytime, on the other hand, they take planktonic foods more while water level is high, and benthic
foods more around low tide, thus corresponding to tidal rhythm. The coexistence of diel and tidal
components in the feeding pattern is known in other intertidal fishes, although some fish is reported to have
only tidal component with no diel modulation] Archambault and Feller 199101 The feeding pattern is varied
from species to species and/or from habitat to habitat. Fundulus heteroclitus, a salt marsh dweller, basically
is a diurnal forager, taking more food in the daytime, but is more active while high tide[J Weisberg et al.
19810 although the change in food composition was not reported. The feeding chronology of a mudflat
inhabitant, the mudskipper Periophthalmus sobrinus, is also influenced by both tidal and diel rhythms, being
less active after dark and most active around the daytime low tidelJ on spring tidel or high tidelJ on neap
tide[ Colombini et al. 19961 Juvenile silver perch, Bairdiella chrysura feed nocturnally within the intertidal
zone during high tidel Kleypas and Dean 19830 In the case of juvenile C. gulosus, it is characteristic that
the rhythmic change of food items taken is closely related to microhabitat shift between in midwater and on
substrate.

OO In a previous study in laboratoryld Sawara 1992L] juvenile C. gulosus freshly caught at Asamushi
exhibited a clear circatidal activity rhythm. The activity peak was around the time of predicted high tide.
This high activity was not recorded in bottom beam set at the bottom of the experimental glass tank, but
recorded in the upper beams. This means that the juveniles tend to be in midwater around the time of
predicted high tide, just being the case in the field known from the present study. Fukaura fish, however,
did not show such a clear tide-related activity in laboratory. Both fish showed rather solar day rhythm,
having activity peaks also in upper beams around predicted time of dusk. Therefore, the activity pattern of
juvenile C. gulosus in laboratory had both tidal and diel components. It is unlikely, however, that the high
activity around dusk has any coincidence with the present field study. The activity pattern exhibited in
laboratory seems to have only partly correspondence with the feeding patterns known from the present
study. These activity patterns exhibited in constant environment may be more related to shoal-forming
behaviour rather than to feeding behaviour of juvenile C. gulosus. However, it is pointed out that the high
activity has not always a corresponding activity in the fieldd Gibson 1992[] so we should be cautious to
draw any conclusion about the nature of the activity of juvenile C. gulosus under constant condition until its
ecology and behaviour have been intensively studied in the field.

O O What is the reason for the juvenile C. gulosus to form shoals in midwater in the daytime high tideO It
is unlikely that the juveniles float in midwater primarily to take planktonic foods, because these foods
appear to be unpredictable and quantitatively less important than benthic foods. Shoaling behaviour must
be avoidance from predation, because shoaling by small-sized fish is interpreted to be a response to
increased predation risk] Pitcher 1986L] We observed some piscivorous fish, such as Pseudoblennius cottoides
O Richardson[] to attack juvenile C. gulosus at the study sites when water level was high, but these
observations still remain episodic, and the change of predation risk is not clear yet. The nature of the
predation pressure to juvenile C. gulosus is open to study in the future.
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Studies on the Chilling Storage

2

Hiromichi Kato"?, Shuhuai ZHaNG "*, Hiroshi FukucHi "

91 Laboratory of Horticulture
2 Laboratory of Agricultural Production

SUMMARY

U O Chilling Storage is the method to maintain the quality of vegetables or fruits for a long time. The
purpose of this study is to obtain basic data of the chilling storage as to agricultural products. Experimental
materials used in this paper are strawberryl cv. Toyonakall and grapel cv. Stuben which cannot be kept
for a long time in the conventional storage condition. The designed temperature of chilling storage is -1.40
as to strawberry and -2.30 as to grape, and that of low temperature storage is 10 for both samples.
Storage period was 24 days as to strawberry and 35 days as to grapes. There was no appearance change
and a little weight change as to chilling samples. But as to low temperature samples, there were much
appearance change like mold or rot and significantly weight loss. From these results, as to chilling material,
the acceptable storage period of strawberry is 18 days and that of grape is 3 months, but as to low
temperature materials, that of strawberry is only 9 days and that of grape is 1 month.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 370 45, 2005
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Possibility of Apios Cultivation in Rotational Paddy Field in
Aomori Prefecture

Yasuo OGASAWARA ", Yoji KaTo "? and Hiroyuki Fujisaki™?

P! Chunan regional Agriculture, Forestry and Fisheries Office of Aomori
Prefectural Gov.

P2 Regional Industrial Studies, Regional Sudies, Graduate School of Hirosaki
univ.

U3 Lab. of Regional Environmental Planning, Fac. of Agri. and Life Sci., Hirosaki
Univ.

SUMMARY

O O For the effective use of the rotational paddy field, it is necessary to ask what new upland crops can be
grown in paddy with more value. We chose apios[] Apios Americana Medikus[! which has many effects on
human health. And we discussed the suitability of apios for planting in the rotational paddy field through a
cultivation experiment.
U O As the results,

1. Apios can be expected to make the profit as much as rice.

2. The operation schedule of apios does not overlap with that of rice. But the working hours of apios is

6.7 times as much as that of rice.

3. Apios can grow and harvest as usual in rather wet soil condition.

4. It is easy to crop with rice after apios cropping.

5. There is no growth retardation by continuous crop.
Apios cultivation in rotational paddy field, therefore, has some possibilities. And further analysis and
experiment, such as experimental cultivation in 30 are or 1 hectare plot, are necessary.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 460 51, 2005
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Actions from Parent of Farmer Authorized by Municipality and his Child’s
Attitude to Becoming a Farmer
[J By an attitude survey in Morioka city, Iwate prefecture U

Hiroyuki FuJisAki

Laboratory of Regional Environmental Planning

SUMMARY

U O The purpose of this paper is to survey the relationship between actions from parent, who is a farmer
authorized by municipality, and his child’s attitude to becoming a farmer.

0 0O As the result, parent’s motive of becoming farmer was mainly following the family business, but
child’s one is earning money or vocation of himself. Child who already became a farmer has better images
of agriculture than the others. And 43 O of parents think that whether child will become a farmer is his
choice, they negatively work on their children to become a farmer, and children are not very influenced by
their parent actions.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 5200 57, 2005
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Characteristics of the Recycling Channels for Apple Pomace

Masami 1zumiyA
Laboratory of Regional Resource Management

U Received for publication October 11, 20050

1. Introduction

U O The apple industry is one of Aomori Prefecture’s major industries and the apple juice processing sector
is an important part of the industry. A large amount of food processing wastél apple pomacelis discharged
from this sector in the manufacturing process. Making full use of this by-product is an important issue
confronting the apple industry and Aomori Prefecture. Previously, it has been mainly used as livestock feed,;
however, recently, there have been changes in its use.

O O In such a situation, there is pressure to develop new technologies to make full use of the by-product.
For instance, there are new techniques to produce polylactic acidl PLAL hydrogen and acetic acid from
apple pomace.

U O However, there has been little research investigating how apple pomace is currently used and what
factors inhibit its use. With the situation for unused resources rapidly changing it is especially important
that the factors influencing utilization recycling channelsl] be elucidated.

U O In this paper the following two points are clarified by case studies of apple juice processing companies
in Aomori Prefecture. First, the characteristics of the channels currently used for recycling apple pomace in
Aomori Prefecture. Second, the elucidation of factors limiting its uses.

2. The Amount of Apple Pomace Produced in Aomori Prefecture

O O The production, use and disposal of apple pomace from 1989 to 2003 in Aomori Prefecture are shown in
Table 1.

U O The variation in the annual discharge of apple pomace is large with production varying more than
twofold, ranging from a minimum of about 15,000 tons to a maximum of 37,000 tons. Moreover, the
variation in annual use is also large, ranging between 10,000 tons and 20,000 tons. The supply of apple
pomace depends on the amount of apple juice processing, which in turn is influenced by apple crop yields.
Apple crop yields vary widely from year to year, so the annual production of apple pomace is also large.

U O In addition, not only is there an annual variation in production but there is also a seasonal variation.
Because apple juice is produced from autumn to the following spring, the apple pomace supply is
concentrated in this period also. The unstable annual and seasonal supply gives rise to problems in
planning for the use of apple pomace.

O O Furthermore, changes in the utilization of apple pomace have occurred with time, with the amount and
the proportion of the total production used as livestock feed decreasing since 1993. Use as a livestock feed
accounted for about 50 O or more of the amount of discharge until 1993, for about 40 U during the period
1994 to 2000, and for about 30 LI more recently. The proportion of apple pomace recycled decreased up to

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 580163, 2005
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Table. 1 Amount of discharge and utilization of apple pomace in Aomori Prefecture O units: ton, U [

Annual production Utilization
Year |Apple Crop| Processed Apple Disposal Total Livestock Food Others
Apples Pomace Feed Material | U compost,
soil

conditionerld
1989 502,800 115,024 22,832 2,630 11.50 20,195 18,25 79.90 486 1,4581 6.40
90 501,000 128,784 26,460 9,56d1 36.10 16,896 15,1681 57.30 444 1,283 4.90
91 261,500 183,347 36,795 15,5481 42.30 21,247 20,5161 55.800 531 2001 0.50
92 483,800 103,581 21,493 7,740 36.00 13,752 13,1901 61.40 553 Qo0
93 482,100 88,672 17,345 4,800 27.70 12,545 11,9321 68.801 560 581 0.30
94 504,700 90,360 20,476 8,968! 43.80J 11,508 7,730 37.80 1,426 2,348 11.400
95 481,300 85,604 17,799 8,228 46.201 9,571 6,4981 36.50 1,519 1,558 8.70
96 442,800 71,906 14,992 4,081 27.20 10,910 6,048] 40.40 1,668 3,196] 21.30
97 488,700 102,342 23,626 7,32d1 31.00 16,302 9,908 41.90J 1,552 4,870 20.60
98 477,300 74,787 15,203 2,694 17.700 12,509 6,486] 42.70 1,379 4,648] 30.50
99 474,800 82,678 16,775 4,330 25.901 12,435 6,706! 40.000 1,056 4,678] 27.90
2000 407,200 77,313 16,363 2,808] 17.100 13,570 6,668 40.700 2,060 4,84p1 29.60
2001 491,500 108,672 22,646 1,73@ 7.70 20,912 6,375] 28.100 3,207 11,3301 50.001
2002 488,100 92,024 17,631 1,398] 7.90 16,238 5,426] 30.80 637 10,177 57.70
2003 424,900 61,297 11,657 738 6.30 10,919 4,380 37.60 1,378 5,1601 44.30

Source: Essential Point of Measures to Apple Circulation. Aomori Prefectural Government, Each annual.

ald Survey of the main apple juice companies in Aomori prefecture. Aomori Prefectural Government presumes that
about 90 percent of the total is covered.

bl "Disposal” included that apple pomace processed by the industrial waste disposal contractors until 1999. It is
presumed that a part of this was recycled as compost. After 2000, making into compost is excluded from
"Disposal” and included in "Others".

1995 because of the decrease in use as livestock feed, with usage dropping to 50 [l in 1995. However, usage
has been on an upward trend again since 1996 as increasing amounts of apple pomace are used in compost
or as a soil conditioner¥ Others” in Table 100 Thus, the use of apple pomace has changed from being
primarily a livestock feed to being primarily a compost or soil conditioner that is spread on the fields.

3. Case Studies of Recycling Channels for Apple Pomace

U O This chapter aims to characterize the recycling channels for apple pomace in Aomori Prefecture.

U O There are 11 main apple processing companies in Aomori Prefecture and 5 of these companies have
been used as case studies. U These companies are located in the Middle-South area, which is the main
apple production area, and are on the Japan Sea side of Aomori Prefecture. Hirosaki City is the central city
in this area. We researched these companies between 2002 and 2005.

U 10 Case report 1: A cooperative society in Hirosaki City

O O The A cooperative society primarily produces apple juice. A Cs. is the largest buyer of raw processing
apples in Aomori Prefecture, accounting for 21.8 J of the total in 199001 Tsushima and Tamal 2LL] A Cs.
purchases about 16,000 tons of processing apples and produces 4,000-5,000 tons of apple pomace each year.
The apple pomace is chiefly used as livestock feed. A Cs. has 2 channels for using apple pomace as
livestock feed, one outside and one inside the prefecture.

O O First, utilization inside Aomori Prefecture; 3,000-4,000 tons of apple pomace is used as livestock feed in
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the dairying areall Shimokita areall on the Pacific Ocean side of the prefecture. The amount used is
decreasing in this area. A Cs. bears a cost of 4,000 yen a ton in this channel. A Cs. has the following view
of this cost; the cost of making compost is estimated about 10,000 yen per ton, and the fee for commercial
disposalll incinerationl is estimated at 40,000 yen per ton. It is to A Cs. benefit that the cost for recycling
as livestock feed is lower than these costs.

O O Second, utilization outside of Aomori Prefecture; 1,000 tons per year is used in a dairy farm in central
Hokkaidoll next prefecturel] This channel was started about 2000 and the amount used in this channel is
increasing. In this channel, A Cs. bears a cost of 2,700 yen a ton. This cost is lower than that incurred in
the recycling channel within Aomori Prefecture.

U 20 Case report 2: B Co., Ltd. Branch factory in Hirosaki City

00O B Co., Ltd. is a major whiskey and wine producing company in Japan. This case study is of a B Co.,
Ltd. branch factory that primarily produces cider in Hirosaki City. In 2001 3,023 tons of raw processing
apples were purchased and about 400 tons of apple pomace were produced. All apple pomace has been
made into compost since about 1998.

U O Two compost-producing companies process apple pomace, one in Hachinohe City on the Pacific Ocean
side of Aomori Prefecture and the second in Hirosaki City. B Co. pays 6,000 yen per ton to the Hirosaki
company and 8,000 yen per ton to the Hachinohe company. The higher cost at the Hachinohe company
being due to higher transportation costs because of the greater distance to the company’s premises in
Hachinohe.

U 30 Case report 3: C Co., Ltd. in Kuroishi City

O 0OC Co., Ltd. produces apple juice in Kuroishi City, which is next to Hirosaki City. Apple juice is
produced from September to the following April. In 2003, 10,000 tons of raw processing apples were used
and 2,000 tons of apple pomace, including 100 tons of damaged fruit, were produced.

U O The breakdown of total apple pomace use in 2003 was as follows; 1,000 tons were used as livestock
feed, 200 tons were used as the raw material for food production, and 700 tonsl] including the damaged
apples] were made into compost.

0 O Apple pomace has been used as a raw material for food production for ten years. The apple pomace is
made into a puree and sold to food processing companies in the Kanto area. The price is now falling
because of competition from imported puree, so production is limited.

U O Apple pomace has been used as livestock feed by dairy farmers on the Pacific Ocean side of Aomori
Prefecture since 1960. However, the number of dairy farmers carrying apple pomace away has decreased.
Therefore, since 1980, it has also gone to Hokkaido through a trading company. In this channel, money is
not exchanged.

0 0O Of the apple pomace used to make compost, 30 percent is processed by the Rokkasho Villages’
compost processing company and 70 percent by the Hachinohe City’s company; both companies are located
on the Pacific Ocean side of the prefecture. The cost for making compost is 7,500 yen per tonll including a
transportation cost of 4,000 yenU at both companies. The reason for the difference in the amount allocated
to the two companies is that the Hachinohe company has more trucks than the Rokkasho company. So the
Hachinohe company is able to carry away the apple pomace at once when requested by C Co.

0 OO Moreover, the reason that C Co. needs to compost the apple pomace, despite the higher cost, is as
follows. Apple pomace is packed into flexible containers kept at the plant site until removed. Flexible
containers cannot be piled up, because apple pomace is fluid. Therefore, a lot of storage space is necessary,
but the plant site is of limited area. In addition, removal by the trading company is not regular because it
carries away apple pomace only when transport companies have no other back-haul load to Hokkaido.
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Therefore, the storage space for flexible containers is insufficient if removal is not conducted in time. C Co.
can do nothing but request the compost processing companies, which can provide a more frequent service,
to carry away the apple pomace.

U 40 Case report 4: D Co., Ltd. in Hirosaki City

O 0OD Co., Ltd. produces apple juice and processed apple goods in Hirosaki City. O Thirty percent of the
raw apple material becomes apple pomace. This is pureed, heated and converted to apple puree. In addition,
the core and the skin, discharged after processing, are made into compost by the compost processing
company in Soma Village in the vicinity of Hirosaki City. The puree is sold to the major food processing
companies in the Kanto area for use as the raw material base for curry sauce.

0 50 Case report 5: E Co,. Ltd. Branch factory in Hirosaki City
U OE Co., Ltd. is a major food processing company in Japan and this case study is of a branch factory in
Hirosaki City. In this factory apple juice is the main product. Except for some varieties, the raw processing
apples were collected from near this factory. The factory operates chiefly from September to December with
80 percent of production occurring during this period.
O O In 2004 14,000 tons of raw processing apples were processed, resulting in 2,000 tons of apple pomace.
A small amount of apple pomace is processed to“ apple fiber” used as the raw material for production of
a functional food in Tochigi Prefecture. However, the major part of the apple pomace was made into
compost by the K compost processing company in Hirosaki City. However, the cost of making compost is
higher than using the apple pomace as livestock feed, therefore, use as livestock feed has been tried and the
apple pomace has been sold to the beef cattle industry in the Nasu area of Tochigi Prefecture since 2001.
O O However, K Co. went bankrupt in September 2004, so since then the apple pomace formerly composted
has been incinerated by R Company in Aomori City. The cost of making compost by K Co. was 4,000-5,000
yen per ton, whereas the cost for incineration by R Co. is 32,000-33,000 yen per ton, a six fold increase in
cost. So E Co. is interested the full-scale use of the apple pomace as livestock feed. Fortunately,
immediately before K Co. went bankrupt, the proportion of the apple pomace processed by the K Co.
decreased to 70 percent and sales to the beef cattle industry in Tochigi had risen to 30 percent of total
production. In the Tochigi recycling channel, the beef cattle industry bears the transportation cost. In
addition, E Co. is paid for the apple pomace, so E Co. has a great advantage in this channel.
O O After K Co. went bankrupt, and because the cost for incineration is high, E Co. has since October 2004
been organizing a new disposal channel to the Doto area on the east side of Hokkaido. Apple pomace goes
to a livestock feed processing company, with E Co. bearing half of the transportation and wrapping costs.
As the cost of the Nasu recycling channel is less than that of the Hokkaido channel, E Co. wants to give the
Nasu channel priority over the Hokkaido channel. However, the supply of apple pomace from E Co. greatly
exceeds the demand from the Nasu channel, so the Hokkaido channel is also indispensable.

4. Conclusions

U O The major findings of this article are as follows:

O O First, there is a relationship between the recycling channel, the region and the income involved. These
are summarized in Table 2. Recycling of apple pomace is roughly divided into 6 channels by usage and
region. The usages are as a raw material forl functionalll food, livestock feed, compost production and
incineration. The regions are the Japan Sea sidell I-J channel the Pacific Ocean sidel I-P channell of
Aomori Prefecture and outside the prefecturell O-P channelll The raw material for food is in the O-P
channel, livestock feed is in both the I-P and O-P channels, compost is in the I-J and I-P channels and
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Table 2. Recycling Channels of Apple Pomace in Aomori Prefecture

Inside of Aomori | Inside of Aomori | Outside of Aomori
Income on Japan Sea Side | on Pacific Ocean [J Hokkaido, Tochigi,
U 1-J channell Sidel I-P channelll | KantoU
0 O-P channell
Transportation Cost Low Middle High
Raw Material for Food a X x o
Resource
Livestock Feed 0 or 0 x o o
Compost oo ad o X
Industrial Waste
Incineration ooag o x X

incineration is in the I-J channel. Making compost and incineration are defined as‘* Industrial Waste” in the
Waste Management Law” of Japan and transfer between the prefectures is severely limited. Therefore, the
O-P channel is not involved in these uses. Livestock numbers in the I-P region are high, so the I-P channel

was the main channel for use as livestock feed initially, but recently the O-P channel has expanded.

U O Examining the cost of each usage; recycling the apple pomace as a raw material for food production is

earning an income, recycling as livestock feed is at no, or little, cost, while making compost is a large cost

and incineration is the largest cost of all.

U U Second, the recycling channels have tended to become spread out. The supplier bears the cost in
recycling, except when the apple pomace is used as the raw material for food. The recycling cost is

different for each use form. Use as livestock feed has the lowest cost, while incineration has the highest.

The recycling channels have tended to become spread out because of the action of the supplier in

attempting to recycle apple pomace at the lowest cost.

U O Third, the use of apple pomace as a livestock feed is limited by the lack of transportation and problems
in storage. The demand is influenced by transportation and storage problems in the large distribution area

and making compost is important in adjusting supply and demand.

O O Finally, the implications of this article are as follows:

O O First, lack of transportation and the storage problems limit the effective use of apple pomace.

Therefore, it is necessary to strengthen of these functions.

U U Second, any new uses for apple pomace must have costs that are at least lower than those for making

compost. In addition, in the situation where the demand for livestock feed increases, it is essential that the

costs be lower than for using apple pomace as a livestock feed.

U O In improving the recycling channels for apple pomace, it is vital that not only are measures for

technological development addressed, but also measures to improve the price and the physical distribution
processes such as transportation and storage are considered.

“
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A Report on Owani Onsen Moyashi

shunsuke KoBAYASHI, chousei SHIBUYA

Laboratory of Regional Resource Management

O O At a time when safe and healthy vegetables have attracted much attention and consumers pursue tasty
food. Owani Moyashi has many advantages that can attract consumers. O Our bean sprouts are a highly
nutritious vegetable with unique flavor and texture, grown without agrichemicals.

O O Unfortunately, only 6 farmers are engaged in the production of Owani Moyashi at present, and yield
has been decreasing. [ This is not only because of the hard labor involved, which is compounded by
issues in distribution, but also because of the aging of farmers, and problems with the right to use the hot
spring even before the planting starts. [l As a result, the production of Owani Moyashi has been limited to
one generation to another. [ To solve these problems a project to promote Owani Moyashi has been started
by the town of Owani. O The goal is to add to the number of bean sprout growers and improve the process
of production.

O O There is no doubt that the recent project could have various effects on Owani Moyashi production, [T in
both positive or negative ways, so it will be necessary to show the immediate benefits of moyashi
production, such as the promotion of agriculture, the provision of work opportunities and income, in order to
maintain a good relationship with present farmers. U Reducing labor load by having people working in shift
and by utilizing those who have retired should also solve the problem of excessive labor. [I It is necessary,
too, to hand down cultivation techniques to the next generations in order to cultivate successors and
maintain the traditional know-how.

O O In the future society will attach more importance to multilateral functions in agriculture and Owani
Moyashi will earn a high praise for the promotion of tourism and the utilization of natural resources. U
Thus we must reconsider the multiple functions of agriculture and know the importance of our task find
labor value in our work and give rightful evaluation to it.

0 O Local people, too, should be encouraged to know and eat special local foods including Owani Moyashi,
so that can be proud of local products and develop the urge to cultivate them themselves. O Their interests
in our activity will foster love for our home district, leading to the revitalization of the region and
strengthening the unity of the local community. O We are expected to hand on local foods, food culture and
tradition to the next generation. U And consequently, it is important to link such tradition with the
promotion of special food products and tourism.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 640 87, 2005
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The Strained Negotiations between Japan and USA with the Most
Destructive Disease of Apples and Pears, Called "Fire Blight"

Tadayoshi Uno

Laboratory of Regional Resourse Management

SUMMARY

U O Fire blight has been known as the most destructive disease of apples and pears for over 200 years. The
disease is caused by the bacterium Erwinia amylovora, which is capable of infecting blossoms, fruits,
vegetative shoots, woody tissues, and rootstock crowns.

U O The disease was restricted to North America.l It spread to the West with the settlers and by the early
1900s it established itself as a serious threat in all areas where apples and particularly pears were grown.
Outside North America, fire blight was first reported in New Zealand in 1919. The next report was in
England in 1957. The disease has spread through much of Europe and the Mediterranean areas, causing
serious losses to pome fruits and rosaceous ornamentals.

U O In countries where the pathogen has not yet been found, strict quarantines have been established
against the import of plant materials that may harbor it.

0 O Controlling fire blight is difficult, expensive, and not totally effective. Still now fire blight is spreading
over the world except for Japan and East Asia.

0O O Streptmycin is used for the pest control. But, streptmycin-resistant strains of E. amylovora have
developed in the USA, reducing the effectiveness of streptmycin. The annual losses due to fire blight,
together with the costs of controlling it in the USA are estimated at over $100 million.

O O This paper focuses on the strained negotiations between Japan and the USA concerning the quarantine
methods against the apple disease "Fire blight" within the WTO framework.

0 O Japan had interdicted importing apples from the USA until 1993 because of fire blight. In 1994 Japan
removed the ban on importing two kinds of apples from the USA submitting to the strong pressure imposed
by that country.

O O Since then Japan and the USA negotiated about the quarantine methods against the apple disease
within the WTO framework.[l After many negotiations Japan has been defeated in the WTO dicisions last
summer.

O O However, | have a serious doubt whether Japanese Goverment has decided on wise quarantine
methods against the apple disease "Fire blight".

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 8 : 880 101, 2005
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