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Keynote Speech-1 Pollution of the Water Planet

Introduction of Practical Technologies for Reduction of Micro Plastic Pollution by
Injection Molded Products Made of Biodegradable Plastic Resin, Poly Lactic Acid (PLA)

4040

Michio Komatsu
Master of Monodzukuri (Manufacturing),
President of Komatsu & Associates

Marine litter from petroleum-based plastic product causes micro plastic pollution in the world. To reduce its
pollution, plant-based biodegradable plastic product is considered as one of the practical solution. By the
way of replacing petroleum-based plastic products with PLA, we could reduce the total volume of waste
changing to micro plastic. Biodegradation is a chemical process during which microorganisms that are
available in the environment convert materials into natural substances such as water, CO,, and compost.
The process of biodegradation depends on the surrounding environmental conditions, on the material and
on the products. According to several estimates, about 80 % of the litters found in the marine environment
comes from land-based activities. The source of marine litter is not necessarily limited to human activities
along the seashore. Even when disposed of on land, rivers, floods and wind carry the litter to the sea. The
original materials of PLA are just starch and lactobacillus. Lactobacillus change starch to lactic acid by
fermentation. Lactic acid is changed to PLA thermoplastic resin by chemical synthetic process. PLA is
available for injection molding, blow molding or sheet process. The waste of PLA product may bury in the
ground, then PLA is biodegraded by microbe. Also in the ocean, PLA is biodegraded by microbe in
seawater too. By biodegradation, PLA changes into just CO, and H,O. By photosynthesis of plant, CO, and
H20 changes into starch again. By composting process, PLA will be biodegraded around 2 weeks to 6
month depends on the product shape. Biodegradation in seawater is so slower than land filling as
composting due to smaller number of microbe, or lower temperature than land. But, Biodegradable plastic
resin will be composed in seawater finally. PLA had 3 weak points, high material cost, poor heat resistance,
up to around 70 °C and bad fluidity by injection molding. Caused by these reasons, PLA products were
limited as thin sheet products by vacuum molding. They didn’t have enough rigidity so that deforms easily.
For promotion of wider adoption of PLA products, | have developed 4 injection molding technologies. The
products doesn’t deform easily, with high value and quality and possible to match the market cost.1st
technology is for heat resistant PLA injection molding method. 2nd technology is for heat resistant PLA
heat insulated product by nitrogen super critical micro cellular injection molding method. 3rd technology is
thin wall PLA cup CO; super critical micro cellular injection molding method for mass production. 4th
technology is PLA product containing natural cellulose fiber by nitrogen super critical micro cellular
injection molding method. These technologies are expected for application of single-use tableware, cutlery,
food package, medical package and fisheries, also durable tableware, toy, agriculture, gardening and civil
engineering. In conclusion, injection molding is brand new way to produce PLA application products. PLA
products are effective to reduce micro plastics, but biodegrading process should be in compost or landfill. It
is necessary to cooperate all field, science, government, engineering, media and consumers for reducing
micro plastic in the world.



Kenote Speech-2 In-situ Conservation Activities

Sea Turtles in the Mediterranean: A Dangerous Journey for Their Survival

Flegra Bentivegna
Former Director of the Aquarium and the Scientific
Museum of the Dohrn Zoological Station of Naples

Mediterranean Sea turtles constantly “sail” in hazardous waters seriously threatening their survival. The
Mediterranean is a small sea, very similar to a big salty lake, as well as a serious threat to the survival of
marine turtles due to its physical and hydrographic characteristics and the presence of a high number of
Countries, really diverse from each other, along its coasts.

Out of the three species of sea turtles populating the Mediterranean (Caretta caretta, Chelonia mydas and
Dermochelys coriacea), the first two species evolved local populations and are demographically
independent from their Atlantic ancestors, that implies their major vulnerability compared to those in the
neighborhood Atlantic. The pressure of human activities, as bycatch, marine pollution, and in particular
marine litter, as well as the use of nesting beaches for recreational activities and climate change have
severely impacted marine turtles and therefore immediate actions are required to recover both the
biological populations and their habitats.

The current conservation efforts cannot be successful whether based only on laws and regulations. They
should be mainstreamed in a common shared strategy going well beyond the socio-economic, cultural and
ethnic Mediterranean barriers.

Pending the achievments of the said political targets, in order to significantly reduce the mortality of marine
turtles, several rescue centers for the cure and rehabilitation of these animals have been set up in strategic
points of the Mediterranean.

Further, a number of Aquarium have also included the cure and rehabilitation of sea turtles among their
conservation activities for endangered species, to foster the increasing of wild populations and, at the same
time, allow people to have a closer look on these endangered species by raising awareness on their crucial
role in our environment.

Sea Turtles are charismatic animals attracting the attention of both scientists and generic audience. These
species play important roles in the ecosystems in which they live, although much is still unknown on the
said roles cause populations currently are seriously depleted.



Keynote Speech-3  Philosophy in Nature, and Aquarium

Samurai and Falconer

Takahiro Yamana
Chief Priest of the Ohkunitama Shinto Shrine

The art of falconry was introduced to Japan from the kingdom of Baekje of Korea at around the first half of
the 5th century, during the reign of the 16th emperor Nintoku (current Emperor Akihito is the 125th
emperor of Japan.) Since then up until around the 14th century, falconry was occupied by members of the
Imperial Family and aristocrats.

The “Takagyou” texts depicting advanced falconry techniques were brought over from China (Tang
dynasty,) but in the beginning of the 9th century, the 52nd emperor Saga created his own set of texts named
“Shinshuu Takakyo” that took into consideration Japan’s natural environment.

The concept of animism has been practiced in Japan since ancient times, with people recognizing that
spirits existed within nature and animals and believing in the reincarnation of life. For example, they
believed that the souls of the dead ascended to heaven (Takama-ga-hara,) carried by swans and cranes.
Falconry was practiced to summon the souls of familiar faces and pray for them to bring happiness to this
world.

During New Year events, aristocrats enjoyed performing rituals involving flying their falcons and binding
birds of prey with branches of autumn leaves and plums while taking a walk.

These rituals were based on the belief that the spirits descended down to earth from the heavens during the
New Year to provide peace and prosperity.

Around the 14th century, the political force of Japan had shifted to the hands of the samurai class, but
falconry continued to thrive among shoguns and powerful warlords. Since the 8th century, Japanese have
believed in both Shintoism and Buddhism. As “do not kill” is the first precept of Buddhism, falconry was
forbidden to engage in. However, a compromise was made at Suwa Shrine (Nagano Prefecture,) a location
known for its hunting rituals.

It was believed that the fish and birds that were killed would be able to rest in peace by being eaten by
people. The reasoning behind this was that as long as those people kept a compassionate heart and made
efforts to live their ideal lives, the fish and bird would eventually be saved.

These kinds of beliefs continued to spread until the mid-19th century. The falcons used for falconry were
revered for giving the lives of animals inhabiting the mountains to people, and were not seen as committing
the sin of killing.

In the 16th century, Oda Nobunaga and Toyotomi Hideyoshi unified Japan, but these two men also
developed falconry on a grand scale by securing skilled falcons and performing rituals that consisted of
offering captured game to the Emperor.

Tokugawa leyasu established the Edo Bafuku (also known as the Tokugawa Shogunate) during the early
17th century, and as a fan of falcons by birth, he completely monopolized all of the falcons within the
country. On top of that, in order to keep falcon nests safe, he protected the forests and claimed the areas
surrounding Edo where migratory birds flocked as areas where falconry was practiced.

leyasu was deified after his death, and a portrait of a falcon hangs at his mausoleum in Nikko Toshogu
Shrine.

However, with the end of the Edo Bafuku (1867,) it brought an end to the practice of traditional falconry.
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Keynote Speech-4 Research Activities in Aquarium

Looking Back the Research Activities for Technical Improvement on Aquarium Display

Hiroshi Kabasawa
Former Director of Keikyu Aburatsubo Marine Park

The contents of this presentation consist of two subjects: “Mechanical devices and instruments for
aquarium display on the sensory biology of fishes and their environmental factors” and “Circadian rthythms
in locomotor activity of the hagfishes”.

The founding director, late Dr. Suyehiro maintained that a composition of aquarium display should be
planned not only to collect rare fishes, but also to develop applications of experimental physiology of fish,
i.e., sensitive perception of fish. Since the physiology treated rather endogenous phenomena of living
fishes, it was hard to develop the systems to be applied for aquarium display. The sensory responses of fish
include being on sight, hearing, smell, taste, and electricity. In the initial step, | had to make up the
waterproof transducers both for generating ambient stimuli and for recording the reaction of fish in
response to the stimuli. Some fundamental experiments were carried out and the effective devices were
redesigned and drafted to familiarize my staffs with the use for educational interests. After the experiments
had been repeatedly carried out, some successful results were seasonally exhibited to the public with some
failed results. Throughout all the experiments, histological slide preparations were made for additional
details in reference to aquarium display.

I have had some chances to collaborate my work with anatomists, medical doctors and an electrical
engineer where | had learned valuable things. One of them was another subject in this presentation:
“Circadian rhythms in locomotor activity of the hagfishes” that had been conducted at Misaki Marine
Biological Station (MMBS), University of Tokyo during 1980-1998. This was my own personal study away
from the aquarium exhibition. Using two species of hagfish, Eptatretus burgeri, and Paramyxine atami
(=Eptatretus atami), a study of a relationship between the external light-dark conditions and locomotor
activity of the animals were conducted using various methods and consequently excellent results were
obtained. The hagfish showed a clear locomotor activity rhythm in the dark period entraining to the
external 12:00 light and 12:00 dark (12L:12D) cycle. In addition, the animal displayed a distinct free-
running rhythm in continuous darkness (DD).

The brain of the hagfish was studied to locate its circadian pacemaker. The suprachiasmatic nucleus (SCN)
in the hypothalamus and the pineal gland in vertebrates are possible locations of circadian pacemaker.
However, in E. burgeri, one of the most primitive vertebrates, neither a pineal gland nor the SCN has been
detected in its brain. The characteristic locomotor activity rhythms were lost in the animal lacking the
anterior part of the hypothalamus that includes the preoptic nucleus (PON). Incisions in front of the PON
did not affect the rhythm, whereas incisions behind the PON caused the animals to lose their rhythms.
Destruction of the PON with a high-frequency lesion generator also caused a loss of rhythms. These
findings indicated that a candidate location of the circadian pacemaker in the hagfish might lie in the PON.
By looking back on 50-year research work as described above, | was actually aware that modern excessive
developments of science and technology would have rapidly estranged the human from wild animals.
However, both are “genuine animals” and have coexisted together on the earth. Comparative anatomy and
phylogenetic taxonomy tell us that they are all members of vertebrates. The study of the hagfish impressed
me that aquariums would be one of the most suitable facilities for a long-term research work especially on
ethological activities in captive aquatic animals.
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Keynote Speech-5 Education in Aquarium

Challenge to Diverse Aquarium Education

Koji Takada
Professor of Fukuyama University

I worked in aquariums for nearly 40 years from 1976 to 2015. Since 1980, I have placed
"Dissemination of Education" at the center of my work, taking advantage of the curator's
qualification. Moreover, after retiring from my aquarium job, I have been studying Museum
Education at the aquarium of the University of Fukuyama. It's not an exaggeration to say
that most of my work life has been dedicated to aquarium education. It universally
recognized that the role of education is extremely important for zoos and aquariums today,
and various activities are conducted in many facilities and in the field.

On the other hand, when we look at practical programs, we focus on the dissemination of
environmental protection, wildlife conservation, and sustainable fisheries through biological,
natural, marine, and environmental education. However, I have been strongly convinced
since the beginning of my career in this area that aquariums cannot achieve their
educational purposes/goals in such a narrow sphere.

Therefore, I worked on activities to achieve various educational purposes in a broader field.
For example, we collaborated with humanities museums, such as history, art, folklore, and
museums of ethnology, with social educational institutions such as libraries and community
centers, and with kindergartens and the elderly welfare facilities. Educational cooperation
with schools utilized information technology called IT and ICT. We also collaborated with
business schools such as schools focused in architecture and Art design, with special support
schools for children with developmental disabilities, and with local manufactural and
agricultural industries. The target of the education, the purpose of the learning, and their
achievement goals were very diverse. In school education, we have been attempting to
collaborate not only with science-related subjects but also with other subjects such as
Japanese Language, Mathematics, Sociology, Physical Education, Music, and Home
Economics, in order to learn comprehensively.

Among various creatures, humans are animals that have evolved to demonstrate their
“ability to learn” the most. We should consider aquariums as holistic educational institutions
useful for all kinds of learning opportunities. As the factors that may threaten the existence
of aquariums, such as global environmental problems, issues of wildlife conservation and
endangered species, and different values for animal husbandry, are diversified, aquariums
must function for all types of learning. In addition, the aquarium should not only be a place
for education but also be a public place for humans to improve themselves by gathering and
communicating with others.
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Keynote Speech-6 Fisheries and Role of Aquarium

Fishery: A Relation Between Human Being and Sea

Hisashi Kurokura
Professor Emeritus of the University of Tokyo

When we visit botanical garden, we are sometimes stimulated appetite by flavor of fruit and
flower. Living organisms inspire our internal reactions. Most of such reactions are emotional
such as beauty, love, fear and appetite. However, some reactions are more rational such as
surprise, intelligent curiosity, old memory and so on. Nowadays, many people make contacts
with living organisms in zoo, aquarium and botanical garden. When we compare aquarium
with zoo and botanical garden, stimulation we get in aquarium is less emotional and more
rational than those from zoo and aquarium. It may be because of discontinuation of space.
Human being and fish are separated by glass wall in aquarium, and human beings contact
with living organisms only by eyes. Touch, smell, and sound cannot be main tool for contact.
Generally, physical contact is prohibited in aquarium. Of course, we cannot eat fish in
aquarium. Aquarium satisfies intellectual curiosity in morphology, taxonomy, ecology,
behavioristics and environmental sciences. However, several people are stimulated their
appetite, and people who love angling can feel movement of muscle of fish, when they look
aquatic organisms. Human being can superimpose actual scene with their memory and relive
their previous experiences. Assimilation of scientific knowledge and aesthesis in our daily life
1s important function of zoo, botanical garden and aquarium. We should accept people who
are stimulated appetite in aquarium. Modern aquarium should not be dragon palace in sea
and it must connect scientific knowledge with life of people. Fisheries and aquaculture are
important contact point of aquatic organisms and human being in our society. Introduction of
actual status and history of fisheries and aquaculture enhance understanding of aquatic
organisms and environment including relation with human being. When we go back to river
head of relation between human being and aquatic organisms, there exist aquatic organisms
as food. Securement of foods was most important work for ancient people, Livestock were
domesticated as food at first. It was a sophistication of hunting. It is said that flooding
fisheries was one of the origin of fisheries. Fish were left in horseshoe lake after flooding.
Catching such fish is called flooding fisheries. Several people started feeding to the fish in
horseshoe lake. There are various origins of aquaculture, though this is a typical case of start
of aquaculture. Human beings have accumulated knowledges by farming of aquatic
organisms. Fisheries have also provided many biological knowledges to us, though
knowledge by aquaculture include detailed information obtained by direct observation by
rearing such as metabolism and maturation physiology. Development of fisheries and
aquaculture technology means changes of the relation between aquatic environment and
ecosystem and human society. Human society have been changed by the development of
fisheries and technology.

People in Taichi forms institutional whaling group called “Kuzira-gumi” with development of
net whaling method in Edo era in Japan. Development of largescale set net enabled
community operation fisheries. Sometimes development of technology provided tragedies to
our society. Trolling and purse sein was introduced to Japan in Meiji era. New technologies
often made serious social conflict in Japan. Displays of history of fisheries and aquaculture
deepen our understanding of aquatic ecosystem and its relation to human society.
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Keynote Speech-7  Aquarium Design and Construction

Healthy Mountains Make Healthy Oceans

Masaru Asaishi
Former Professor of Tokyo City University

The mountains and the ocean are connected. Natural dams can be found in forests, keeping a constant
amount of river water and controlling floodwaters. According to Kesennuma-based oyster fisherman
Shigeatsu Hatakeyama, important movements are being conducted in order to increase the number of fish
and shellfish by supplying nutrients to rivers and oceans that can increase the amount of phytoplankton and
seaweed.

Here | will be explaining how the environmental aquarium initiative, which was born from the design
processes of the Tropical Dream Center, Nagasaki Bio Park and Tama Zoological Park Butterfly Garden,
came to fruition at Aquamarine Fukushima.

Tropical Dream Center was built to appear as ruins inside Ocean Expo Park. The subtropical climate
provides an environment that is suitable for tropical plants to grow, but the site is also heavily affected by
winter monsoons, sea breeze and typhoons. In order to prevent these, the enclosed windproof area was
constructed with large arc-shaped brick walls, greenhouses and circular buildings to enable visitors to enjoy
looking at the beautiful flowers, fruits and trees inside a space that resembles ancient ruins.

Nagasaki Bio Park is an integrated exhibitions style zoo where the animals are released from their cages so
that they can roam free so that visitors can witness them in their natural habitats. In one section of the zoo,
buildings such as the tropical and arctic areas have been carefully inserted, and by establishing an intimate
relationship between the nature of the mountains and these buildings, a simple yet relaxing environment
where time flows slowly and visitors can enjoy the changing of the seasons was successfully created.

Tama Zoological Park Butterfly Garden was built to resemble a giant butterfly resting its wings inside a
giant forest of Sawtooth oak and Konara oak. Using the difference in elevation of the valleys, the large
greenhouse is a dynamic space that is integrated with the sea of trees that expands outside. Visitors can
enjoy walking along the sloped path and observing various insects living in their natural habitats, including
the butterflies flying from one flower to another from the top of the trees.

With the construction of manatee caves, ponds where aquatic insects can be observed and fish such as
pirarucu and arowana can swim around, | started to want to build an aquarium that closely resembled the
global environment that could connect the terrestrial environment with the underwater world. Using an
aquarium competition held in Fukushima Prefecture as an opportunity, we decided to create an ecosystem
that would connect the terrestrial surface where the sun shines, the wind blows, flowers bloom and lush
greenery grows, with the underwater world at the water’s edge. And all of this was to be gently enclosed in
a coating of glass. This is how our vision for a unique and innovative aquarium came to become a reality.
On March 11, 2011, the tsunami caused almost all of the fish to die, and the rest of the sea creatures were
evacuated to other aquariums. In response to the many voices of support that “restoring the aquarium would
bring joy to people,” the aquarium was re-opened four months later. The spotted seal that helped bring back
children to the aquarium was given the name “Kibou,” which is the Japanese word for “hope.”
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Keynote Speech-8 Economy of Aquarium

Aquariums: Economic Engines for Our Communities but How Do We Help the Planet also?

Suzanne M. Gendron
Executive Director of Zoological Operations
and Conservation in Ocean Park Hong Kong

Zoos and aquariums have traditionally been animal focused living collections, museum-like
even in our terminology, such as curating our collections. Today, a number of zoological
facilities are no longer animal only but have added rides, such as roller coasters, carousels
and zip lines, as well as catering services, and even schools to their campuses. When the
Hong Kong Jockey Club first conceived of Ocean Park in 1975, it was to be a place of
education and entertainment for the people of Hong Kong with a focus on oceanic animals.
A saltwater aquarium, a whale and dolphin performance pool and a sea lion and seal exhibit
were the main attractions at the new Park when it opened in 1977 with 1.85 million visitors.
In 1984, after six years of deficit financial results, the Park added roller coasters, flume rides
and a new gate, Water World, thus becoming one of the first hybrid zoological parks. Visitor
numbers began to stabilise and a surplus was realised for the first year since opening. With
the Park on firmer ground financially, the Hong Kong Jockey Club donated the Park to the
Hong Kong Government in 1987. It became a not-for-profit, statutory body under the Hong
Kong Government but was independently managed and financed under the leadership of a
Chief Executive that answered to a Hong Kong Government appointed Board. Another
economic challenge arrived with the Asian economic crisis in 1997. The Hong Kong dollar
was pegged to the USA dollar, thus making Hong Kong a very expensive city for Asians to
visit. Ocean Park visitor numbers fell from 3.7 million visitors to 2.8 million visitors after
the Handover in 1997, resulting in deficits 5 of the next 6 years until after Hong Kong
recovered from the Severe Acute Respiratory Syndrome (SARS) outbreak in the second half
of 2003. The announcement in 1999 that Disneyland would build a park in Hong Kong
further raised concerns that Ocean Park would not survive the economic downturns, SARS
and Disneyland’s arrival in Hong Kong. The Hong Kong Government appointed Dr. Allan
Zeman, well respected entrepreneur, to chair Ocean Park’s Board. He hired Mr. Tom
Mehrmann, formerly of Knott’s Berry Farm, Six Flags Animal Kingdom and Warner Bros.
Movie World Madrid as the Chief Executive to lead the team to develop a strategy to counter
Disney’s arrival and transform Ocean Park into a global zoological theme park. Visitor
numbers recovered from a low of 2.8 million in 1998-1999, to 7.7 million in 2012/2013 after a
period of rapid expansion and growth within the Park. This talk will share the variety of
economic models under which aquariums are run and share the strategy and tactics that
took Ocean Park from a Park with 2.8 million visitors and a deficit of HK$80.5 million
(US$10.3 million) in the fiscal year of 1998/1999 to the visitor attendance of 7.7 million and
surplus of HK$127.3 million in fiscal year of 2012/2013. Lesson learned and future trends
will also be explored.
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Forty Years of Ingenuity at the Sunshine Aquarium

Tsuneo Arahata
Former Director of Sunshine Aquarium, Japan

ABSTRACT: Sunshine aquarium opened in 1978. It attracted attention by being installed in a skyscraper 40
m above the ground.

40 years have passed since the opening, but during that time, we have tried and errored in order to continue
the aquarium, and have changed in various ways.

I would like to talk about various ideas that the aquarium has had.

INTRODUCTION The wurban environment without the
surroundings, securing the seawater was more
A major feature of the Sunshine Aquarium is difficult than collecting living things.
that it was installed on the roof of a skyscraper 40 The problem of securing seawater was solved
meters above the ground in 1978. (Fig.1.) by systematization of the seawater supply and
It was a revolutionary idea. It was seen by the development of filtration equipment to purify the
world with surprising eyes, but even more water.

surprisingly, though, 40 years have passed since this The seawater is collected off Hachijojima from
establishment. | do not see other examples in the the ballast of the ship and brought to the port of
world. Tokyo Bay. (Fig.4.) We transfer 24 tons from the

At the time of the installation, many people ship to the tank truck, and land transport it to the

thought the idea was absolutely impossible. But aquarium.
Horike believed in his idea and as the first director The seawater is transferred to a basement
of the Sunshine Aquarium he gathered the building water reservoir. This underground reservoir is
technology along with the equipment and materials waterproofed to prevent groundwater
needed. contamination and can store 350 tons.

The seawater in the underground reservoir is
transferred to an elevated tank on the roof 60 meters
above the ground using a huge pump. This elevated
tank is 10 tons in size.

From the elevated storage tank, it is a system
that can be supplied by a natural waterfall through
pipes to each tank. (Fig.5)

FULL TEXT

. . The piping material used in the aquarium is
Initially, even though searching everywhere, |ightweight and rust-free. Polyvinyl chloride is used.

we could not find a large acrylic tank especially one The use of a Filter was indispensable in the
with a strong enoug_h reinforcement frame with a 15 high-rise aquarium where we can not use sea water
meters frontage. (Fig.2.) ) abundantly. A pressure type rapid filter

_ Also, with Acrylics, we made a special  gemonstrates great power in a narrow aquarium.

“Diamond Cut” and_ “Wme _Glass” _shaped tank that The advantage of having a fast filtration speed
would be good for living things. (Fig.3.) and a small facility area is that it matched the high-

rise aquarium.

When we first opened the aquarium, the
visitors just stared and seemed bored. So we
released and displayed:

An inventory of all the animals in the Tank
with pictures.

We described the special behavior of each fish.
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And we started performances by divers feeding
fish.

We showed the different reactions of the fish
like pulling, popping and swimming through a ring
with conditioning lights. (Fig.6.7.)

We started using a female guide to introduce

fish habits and ecology. These features were popular.

Fig.6. Popping

Fig.7. Through a ring

The show using sea lions was released for the
purpose of introducing the characteristics and habits
of animals while showing various tricks.

The animals that appeared were South
American Sea Lion (Otaria flavescens), and
California Sea Lion (Zalophus californianus).
(Fig.8.)

There are two ways to organize the show, and
it can be divided into a story show introducing it in
a comical theater style, and a sports show
introducing various actions of the sea lions. (Fig.9.)

Fig.8.

Both of them introduced the high level of
exercise and ecology functions of sea lions, and the
visitors were surprised.

The performance by a diver is a fish feeding
show.

It is a show with a female diver in a bathing
suit feeding the fish in a tank that displays fish
living in the temperate zone, centering on the White
Trevally (Pseudocaranx dente). (Fig.10.)

This show introduces fish while showing the
fishes unique movements and cute feeding scenes.
(Fig.11.)

The creatures on display are collected from all
over the world. In anticipation of the times, | always
tried to exhibit precious collections. I will introduce
some of exhibited organisms.

5 kinds of Garden Eel

(Heteroconger  hassi, Heteroconger  polyzona,

Gorgasia japonica, Gorgasia taiannensis, Gorgasia
preclara).

G.japonica G.preclara

6 kinds of Lungfish

Australian Lungfish (Neoceratodus forsteri), South
American Lungfish (Lepidosiren paradoxa), African
Lungfish
annectens,
amphibious).

(Protopterus
Protopterus

aethiopicus,
dolloi,

Protopterus
Protopterus

P.annectens
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P.amphibious

P.dolloi



Sunfish (Mola mola), Sea Angel (Clione limacina),
Sea Otter (Enhydra Lutris), Weedy Sea-Dragon
(Phyllopteryx taeniolatus), Mexican Salamander
(Ambystoma mexicanum).

M.mola

C.limacina

And so on.

However, as the times have progressed,
organisms around the world can be seen in any
aquarium. Creatures that could only be seen in
specific places became general exhibits. Just to
display only the creature, the management of the
aquarium had to become more creative.

After that the exhibition method shifted to an
ecological exhibition aiming at simultaneously
displaying various creatures and the environment
where they live.

A tank which reproduced the natural
environment which was cut out of one frame of
natural scenery was made. (Fig.12.13.14.)

Fig.13. Amazon basin

Fig.14. Mangrove

The creatures that played the leading role in
aquariums reproducing the natural environments
were not only fish, but also included small
mammals, Family of Aves, Family of Reptilia,
Family of Amphibia, and so on.

34 years since the opening of the building, The
Sunshine Aquarium will be renewed in full.

The reason for the renewal was that we felt that
the facilities are getting old and we asked ideas for
changes from customers for a new exhibition.

A new attempt was an idea that mainstreamed
a "behavior exhibition". Always being able to see
actions that living things do not in normal reality
really show.

For example, The Longheaded Eagle Ray
(Aetobatus narutobiei) is a scene that explores baits
by digging in the sand at the bottom of the ocean.
(Fig.15.16.)

Fig.15. Fig.16.

Next is a scene where large fish interrupt and
attack the herd of Japanese Sardines!(Sardinops
melanostictus). (Fig.17.)

Next is a special tank that allows you to
observe the California Sea Lion from directly
beneath and realize the wonder of its swimming
ability. (Fig.18.)

In addition, a special exhibition hall held at the
venue next to the main building was variously
devised. I will introduce two examples.

Collaboration with artists.

It is a contrasting exhibition of numerous
works which have Goldfish (Carassius auratus
auratus) made with acrylics as the main character
alongside genuine living Goldfish.

The contrast between the goldfish created with
acrylics that captured the instant and the lively



goldfish with fluid movement was an interesting
project. (Fig.19.20.)

Fig.19.

Collaboration with the author.

An interesting and curious introduction from
an amateur’s eye by the author. And, as seen from
curators, there are introductions that are serious and
uninteresting. Visitors were able to enjoy the
commentary on exhibited organisms in two ways.
(Fig.21.22))

Fig.21.
SUMMARY

When thinking about long-term management,
the attitude that always introduces new things is
necessary for the operation of the aquarium. While
having the difficulty of the aquarium on the higher
floor, we have used much devised ingenuity.

Underwater Performance

Sunshine Lagoon

How to respond to customer's needs and how
to express it is largely due to the results of curators
and the keepers thoughts and efforts.

It is a great driving force for curators and
caretakers to develop a workable environment that
will exert their power as a mediator between
customers and exhibited organisms as well as
growing the aquarium as an attractive facility.

In the future Sunshine Aquarium will continue
to develop and provide "Discoveries that will
inspire you "as an aquarium closer to the living
things.

We wait to welcome you at the Sunshine
Agquarium.

Penguins in the Sky
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Ctenophore Culture at the Monterey Bay Aquarium

MacKenzie Bubel, Thomas Knowles, Wyatt Patry
Monterey Bay Aquarium, Monterey, CA, USA

ABSTRACT: The Monterey Bay Aquarium has been displaying and culturing gelatinous zooplankton since
the late 1980’s. Successes in many areas of jellyfish husbandry have led to the development of numerous
temporary exhibits, as well the installation of a permanent jellyfish gallery in 1996. Since that time newly
discovered culture techniques have greatly expanded the capacity for sustainable collections, as well the
diverse array of species exhibited. While a few species of comb jellies (ctenophores) have been displayed
opportunistically and irregularly, the only successes in culture has been limited to cnidarians, both
hydrozoans and scyphozoans. Ctenophores, however have proven to be outstanding display animals and have
the capacity to dazzle aquarium visitors with stunning displays of movement and kaleidoscope color patterns.
Until recently, the Monterey Bay Aquarium’s ability to culture comb jellies has remained unreachable. After
decades of effort, recent breakthroughs in husbandry techniques have led to the successful culture and display
of five different species of ctenophores, including the most recent success with the spotted comb jelly,
Leucothea pulchra. The purpose of this presentation is to share the elements of collaboration, the steps in
trial and error, and the key technical components that led to the successful culture and subsequent display of
five species of comb jelly.

The Beginning of Jellyfish Culture at MBA United States. In 1996, MBA opened its new Outer
Bay Wing, which featured the Drifters Gallery, a
The exhibition and culturing of jellyfish has representation of gelatinous life in Monterey Bay’s
been an important part of the history of the pelagic waters. The Drifters Gallery has remained
Monterey Bay Aquarium (MBA). MBA’s jelly largely unchanged in the past few decades, yet it
program started with a moon jelly exhibit in the late remains one of the most popular areas with
1980’s after receiving polyps and husbandry advice aquarium visitors. The sustained popularity of
from Mr. Yoshitaka Abe, who was at the time a jellyfish has led MBA to feature jellies from around
curator at the Ueno Zoo. Success with moon jellies the world in the temporary exhibitions Planet of the
led the husbandry staff to experiment with the Jellies (1992-1993), Jellies: Living Art (2002-2008),
numerous jellyfish species which are local to and The Jellies Experience (2011-2015), and over
Monterey Bay. To accommodate the fragility of 40 species of jellies have been cultured and
these jellies, MBA designers worked with Dr. exhibited at MBA over the years.
William Hamner of UCLA to adapt his Some of the most popular jellies at MBA are
planktonkreisel design for use in an aquarium the beautiful and delicate ctenophores. Known
setting. In addition, figuring out how to culture commonly as comb jellies, they are not related to
jellies was essential to creating long-term cnidarian jellyfish as they lack stinging cells in
exhibitions. While jellies can be collected from the favor of sticky colloblast cells on their tentacles
wild for short-term displays, many species only (Pang & Martindale 2008b). They are prolific
appear seasonally and in small numbers, and they predators that can eat up to ten times their body
tend not to live very long. Therefore, laboratory weight per day (Reeve et al. 1978), and they are the
culturing is necessary to maintain well-stocked largest animal that uses ciliary action for
exhibits of numerous species for longer periods of locomotion (Tamm 2014). These cilia, the combs,
time. The new kreisel tanks and focused research can create a hypnotizing prismatic rainbow effect
efforts led to many breakthroughs in jelly husbandry, ~ which leaves aquarium visitors in awe.
including the first polyp culture of the Purple Stripe Ctenophores are possibly the oldest metazoan group
jelly, Chrysaora colorata, and its subsequent on the planet (Dunn et al. 2008), and they are
reclassification from the genus Pelagia to simultaneous hermaphrodites, meaning they can
Chrysaora (Gershwin & Collins 2002). produce egg and sperm at the same time (Baker &
There was some concern within MBA that Reeve 1974). Nevertheless, maintaining a
jellies would be not be popular with the aquarium ctenophore exhibition has always been challenging.
visitors, but numerous successful showings in Knowledge of how to culture pelagic ctenophores is
temporary exhibitions demonstrated that the jellies limited to a few universities and aquariums working
were popular and enhanced the guest experience. with Mnemiopsis leidyi, as well as the Kamo
The husbandry staft’s expanding knowledge of jelly Aquarium and the Kujukushima Aquarium which
husbandry along with the new popularity of jellies have both succeeded in culturing Bolinopsis mikado
led to the first permanent jellyfish gallery in the and Beroe cucumis. In addition, a few institutions
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have had success culturing benthic ctenophores.
To our knowledge, no other ctenophores are being
cultured, and no protocols for the culturing of
successive generations of ctenophores are available
in the literature. Therefore, it has always been
necessary either to collect or buy the animals for
exhibition, and that was only possible when they
would appear seasonally. In order to maintain a
ctenophore exhibit year-round, the development of
reliable laboratory culturing protocols was
necessary.

Mnemiopsis leidyi culture

In 2014, jelly aquarists at the Monterey Bay
Agquarium developed a protocol for culturing
successive generations of the warm water lobate
comb jelly, Mnemiopsis leidyi, for display in the
temporary exhibition, “The Jellies Experience.”
Aquarists had attempted to culture M. leidyi in
previous years but were met with limited success.
Ultimately, collaboration with other institutions and
the development of new husbhandry techniques were
key to success.

M. leidyi is a warm water, cosmopolitan lobate
ctenophore whose life cycle includes a pelagic
juvenile stage commonly referred to as a cydippid
(Fig. 1). These jellies can be collected from the wild
and immediately spawned utilizing photoperiod as
a cue, resulting in the production of thousands of
fertilized embryos (Baker & Reeve 1974, Pang &
Martindale 2008b). The fertilized embryos quickly
hatch and form swarms of tiny, free-swimming
cydippids. Because of this species’ rapid
development and translucent appearance, M. leidyi
has been used extensively in embryology studies
(Pang & Martindale 2008a). Consequently there
exist numerous protocols describing how to spawn
wild-caught M. leidyi in laboratory conditions
(Baker & Reeve 1974, Pang & Martindale 2008b).
The process of growing cydippid larvae up to the
adult form for display in public aquaria, however,
has been poorly studied and documented. Protocols
for raising M. leidyi to adulthood are not available
in the literature.

Fig. 1. Adult Mnemiopsis leidyi pictured on the left.
On the right, the juvenile form of M. leidyi referred to
as a cydippid.

Under natural conditions, wild M. leidyi are
triggered to spawn five to eight hours after nightfall

(Baker & Reeve 1974, Pang & Martindale 2008b),
so culture attempts always involve placing robust
individuals in complete darkness for at least eight
hours. Various techniques have been tried, and
different setups included dishes in water baths,
indirect flow setups, large cylinders with artificial
lighting, and small standalone tanks. Various
temperature and salinity parameters were tried in
each of these set-ups. Despite many efforts, these
methods resulted in limited success. The fertilized
embryos were very few and very weak, generally
not living past seven days. However, through
collaboration with the University of Miami’s
professor Bill Browne, the aquarist team learned
that one of the most important aspects of ctenophore
culturing is broodstock nutrition. Dr. Browne
advised that feeding the parent generation larval
fish daily caused them to spawn hundreds of healthy
embryos that were strong and grew fast, similar to
what has been observed in freshly collected M.
leidyi from the wild. Previously, the adults at MBA
had only been fed Artemia salina nauplii, which did
not provide them with adequate nutrition for
spawning.

With a new understanding of the importance
of broodstock nutrition, the jelly culture team went
forward with a simple, straightforward culturing
method. To spawn M. leidyi, one to four mature,
well-fed adults were placed into ten-liter tanks with
lids to limit evaporation. The tanks were filled 60%
full with filtered seawater and dechlorinated fresh
water mixed to a salinity of 28 ppt at 24°C. These
water parameters were selected to mimic the
conditions in which the adults were originally
collected. The tanks were placed in total darkness
for at least five hours, and if the spawning attempts
were successful, tiny, sparkly eggs could be
observed in the water column. The cydippid larvae
began to hatch 24 hours after fertilization, and were
observed immediately capturing and consuming
prey items. The cydippids were fed rotifers daily,
and sometimes once to twice-a-day depending on
the speed of consumption.

The young cydippid larvae were too delicate to
transfer in the early stages, so salinity was
maintained and relative ammonia levels in the tank
were reduced by adding additional 28 ppt water plus
microalgae to enrich any remaining live foods.
Four days after hatching, the cydippids were robust
enough to endure a gentle transfer. They had
doubled in size, needed more room to grow and
needed an environment with reduced ammonia
levels. To achieve this, the population was split
into two identical ten-liter tanks. Using a glass dish,
the delicate cydippids were transferred very slowly
in order not to damage their delicate bodies. After
the population had been split, a 20% water change



was performed every other day until the cydippids
were large enough to be moved to a more traditional
jelly kreisel tank (two to three weeks).

Because of the knowledge gained by
collaboration with Dr. Browne, larval fish were
offered to the juvenile M. leidyi as soon as they had
formed their lobes. This provided them with the
nutrition and energy needed to spawn the next
generation. Another benefit of using larval fish as a
food item was the rapid tissue regeneration
observed in individuals that had been damaged.
By culturing both zebrafish (Danio rerio) and
topsmelt (Atherinops affinis), the aquarists were
able to give the growing ctenophores access to a
high calorie diet which supported the production of
hundreds of adult comb jellies over three
generations. M. leidyi is bioluminescent and will
readily luminesce when disturbed (Freeman &
Reynolds 1973). This happens only when larval fish
are fed daily, which demonstrates the importance of
this food item to the overall health of ctenophores,
including their ability to reproduce.

Culturing of Northeast Pacific Ctenophores

After successfully culturing Mnemiopsis leidyi,
the aquarists were eager to try these new techniques
on ctenophores local to Monterey Bay and the
northeast Pacific Ocean. The next success came
from working with the lobate ctenophore Bolinopsis
infundibulum. B. infundibulum resembles M. leidyi,
but grows larger and is much more fragile. For
seawater conditions favorable to B. infundibulum,
seawater was kept at full salinity (34 ppt) and the
temperature was kept at 10°C. Since the parent
generation was spawned immediately after
collection from Monterey Bay, they were able to
produce a large, robust F1 generation without
needing supplemental feedings of larval fish.
However, in order to culture the F2 generation and
beyond, larval fish feedings were necessary for
successful spawning and embryo development.

Concerns about the delicate nature of this
species led to several new tank designs that allowed
for a more gentle exchange of seawater. A
cylindrical tank with a 20 micron bottom screen
suspended in a larger tank was created to house the
delicate cydippid larvae of B. infundibulum. Flow
from a spray bar would indirectly contact the
outside of the screen, allowing for passive seawater
exchange (Fig. 2). This improvement helped to
maintain good water quality without creating
outward pressure on the screen, eliminating the
need for frequent water changes and transfers, and
further advancing the concept of a gentle
environment.

B. infundibulum developed similarly to M.
leidyi, but more slowly due to the colder seawater
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temperature.  When their lobes developed, the
aquarists began offering fish fry and live mysid
shrimp (Mysidopsis bahia). After two months, the
adult B. infundibulum were transferred to a flow-
through pseudokreisel, and Artemia salina nauplii
were incorporated into their diet. These first
generation B. infundibulum lasted from June 2015
until September 2017 and grew to over 8 cm in
length. The MBA Jelly Team has since grown
second generation B. infundibulum to adulthood.
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Fig. 2. Acylindrical ctenophore rearing cylinder inside
of a pseudokreisel. Seawater flow (red arrows) from a
spray bar allows for passive seawater exchange through
a 20 micron screen at the bottom of the cylinder.

Double Cylinder Design

The cylinder concept worked very well for
Bolinopsis infundibulum, and the clear acrylic
cylinder made observations much easier. To
improve upon this design, a new, taller double
cylinder system was invented, allowing for more
uninterrupted vertical swimming. Instead of a
cylinder within another larger tank, previously
described for the B. infundibulum culture, the outer
tank of this new double cylinder was reduced to a
cylinder slightly larger than the inner one.
Seawater flowed into the outer cylinder only,
creating a passive water exchange through the 20
micron screen at the bottom of the inner cylinder.
The seawater then overflowed over the edge of the
outer cylinder and ran down the side onto a wet
table. Rigid, perforated material, elevated the inner
cylinder, allowing seawater to flow freely around
the fine screen. An acrylic plate was glued to the
bottom of the outer cylinder, creating a water-tight
bottom (Fig. 3).

This new cylinder concept was utilized to
culture Pleurobrachia bachei, a ctenophore local to
the northeast Pacific Ocean (Fig. 3). In order to



spawn P. bachei, mature individuals were collected
from Monterey Bay and identified by creamy-
colored eggs and sperm, developing beneath the
comb rows. Mature P. bachei were placed into the
double cylinder at 12.5°C and shrouded in complete
darkness for approximately 16 hours. The next
morning, within one hour of exposure to light,
spawning occurred. The adult P. bachei were
allowed to spawn for several hours and were then
removed from the cylinder, leaving hundreds of
fertilized embryos dispersed through the inner
cylinder. P. bachei cydippids are approximately 100
microns along the oral-aboral axis after hatching,
five times smaller than Mnemiopsis leidyi and B.
infundibulum larvae. Therefore, a very small food
item, the nauplii of the copepod Parvocalanus
crassirostris (40-70 microns), were essential to the
larvae’s survival in their early stages of
development. As they grew, rotifers and adult
copepods became an essential component of the diet
as well. After one month, the P. bachei had fully
developed and were transferred into a flow-through
kreisel or pseudokreisel where Artemia salina
nauplii were incorporated into their diets. The
MBA Jelly Team has cultured two generations of P.
bachei using these methods and have since applied
identical protocols to Hormiphora californensis,
reaching F3 generation.

Fig. 3. Diagram of the double cylinder (left), and two
adult Pleurobrachia bachei spawning inside the
double cylinder (right).

The Spotted Comb Jelly, Leucothea pulchra

Leucothea pulchra is one of the most visibly
striking ctenophore species with its hypnotic,
undulating auricles and flexible orange papille that
pepper its exterior (Fig. 4). L. pulchra has been

displayed at the Monterey Bay Aquarium
opportunistically, ~ whenever  aquarists  were
fortunate enough to collect them. With frequent
collections, L. pulchra has been exhibited for
stretches of up to six months at a time, but it was
necessary to replace the animals monthly and
consequently required much effort. The jelly
aquarists were thrilled at the prospect of being able
to start a reliable L. pulchra culture and share this
enthralling species year round with guests, but first
they had to scale up their double cylinder rearing
system to house such a large ctenophore.

A two meter tall, 30 cm wide double cylinder
system was constructed and filled with 17°C filtered
seawater. In December 2017, four 20 cm long L.
pulchra were collected from Monterey Bay and
placed into this larger cylinder. Similar light
deprivation methods were used, resulting in the
production of hundreds of fertilized embryos the
following day. When the cydippid larvae hatched,
they were 500 microns along the oral-aboral axis.
By 12 days post-hatch, tentacles were starting to
retract, lobes were forming, and the unique, orange
papillae were beginning to appear. By February
20th, 2018, the first cultured L. pulchra generation
in the world was displayed in MBA’s Drifters
gallery. As of the time of this writing, over eight
months since introduction onto exhibit, these

animals remain on display and have grown to an
impressive 15 cm in length. The jelly aquarists are
currently growing the F2 generation using identical
methods.

Fig. 4. Adult Spotted comb jelly, Leucothea pulchra.

The Bloody Belly Comb Jelly, Lampocteis
cruentiventer

Quality food items, uniquely designed tanks
and team collaboration have proven to be crucial
components of ctenophore culturing. Currently, the
jelly aquarists are working with Lampocteis
cruentiventer (the Bloody Belly comb jelly), a
brilliantly ~ red, lobate ctenophore  found
approximately 300 to 3000 meters deep in the
Monterey Submarine Canyon in Monterey Bay and
first described by scientists at the Monterey Bay
Agquarium Research Institute (Harbison et al. 2001).



Efforts continue to find variations on epipelagic
ctenophore culturing protocols that can be applied
to deep sea species of ctenophores. Traditional
photoperiod cues have not proven to induce
spawning in this species, likely an aspect of this
species’ deep sea life history. Also likely related to
this species’ living in “the deep” is what appears to
be the acceptance of a wide range of food types.
As with larval fish providing Bolinopsis
infundibulum and Mnemiopsis leidyi with the
nutritional energy to spawn in a laboratory setting,
current thinking is that a species of gelatinous
zooplankton, cultured in house, might meet a
similar requirement for L. cruentiventer. Because
so much energy has gone into ctenophore culture at
the Monterey Bay Aquarium in the last four years,
there are many species that are now available as
food items. Hormiphora californensis has proven to
be a preferred food item for L. cruentiventer and
observations of L. cruentiventer’s ability to
regenerate lost tissue as well their increased
longevity in captivity suggests that nutritional
requirements are being met. L. cruentiventer
inhabits the oxygen minimum zone (OMZ) where
pH and oxygen are lower than the sunlit surface
waters (Harbison et al. 2001). Current research
and development efforts are being directed at
developing L. cruentiventer life support systems
that mimic these OMZ parameters. Though these
efforts are in their infancy, OMZ conditions seem to
benefit the longevity and gonad development of L.
cruentiventer.

Conclusions

Every new success in the exploration of
ctenophore culture has opened a door to future
discovery: from the basic understanding of
broodstock nutrition for Mnemiopsis leidyi and
Bolinopsis infundibulum leading all the way to
Hormiphora californensis being cultured as a food
item for the elusive deep sea ctenophore,
Lampocteis cruentiventer. Ongoing efforts will
continue with the aim of expanding the list of
cultured ctenophore species and evolving the
necessary techniques and technologies. Not only
are ctenophores exciting display organisms,
inspiring conservation of the oceans for aquarium
guests, but they are also important model organisms
for future biomedical research and animal
phylogeny studies. The breakthroughs in MBA
ctenophore culture would not have been possible
without collaboration with Dr. Bill Browne at the
University of Miami and the scientists at the
Monterey Bay Aquarium Research Institute These
collaborations are rooted in the common goal of
furthering our understanding of ctenophores and
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their ecosystems, and the sharing of our individual
contributions has led to our collective success in
ctenophore culturing.
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The Greatest Fish Story of the Aquamarine Fukushima

Yoshitaka Abe
Aguamarine Fukushima

Fig.1. Iron Coelacanth, worked by Atsushi HIBI welcome you to the Aquamarine Fukushima.

INTRODUSTION TO THE EVOLUTIONARY
STORY

My personal history for the aquarium started
1964 to the present. The story traced back to the
Ueno Zoo Agquarium in the Ueno Zoological
Gardens, the oldest zoo in Japan, managed by the
Tokyo Metropolitan Government, where a new
aquarium was opened to public in 1964 to share the
exhibits of creatures of lower branches of the
phylogenetic tree in the zoo.

1 engaged the new aquarium project before
opening for the preparation. My job was to correct
and maintain for the creatures on the lower
branches of the phylogenetic tree in the 4 stories
building, such as jellyfish.

There are so many tanks, pools and cages to
cover the collections as shown the phylogenetic
drawing on the wall. The creatures tanks on the
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branch of tanks and cages are numbered No number
means no collection like the branch of the
Coelacanth. This coelacanth branch has been
weighing on my mind since then.

Fig.2. Ueno Zoo Aquarium (1964-1992), 4 story
“Phylogenetic Tree”.
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Next stage was the Tokyo Sea Life Park
challenging to realize the collection of sea fishes
from the Seven Seas, including tuna migration
within aquarium tank. Open to public in 1989.
Present author engaged collecting fish from the
Seven Seas including Comoro Islands, Coelacanth
habitat, and tuna husbandry.

Fig.4. Tokyo Sea Life Park (1989-), 100m diameter, 2
story building.

Fig.5. School of tuna realized. 2000ton, round tank.
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Then present author engaged the Project of
Aguamarine Fukushima, Marine Science Museum
(AMF here after) to build aquarium at the 2" wharf
of the Onahama Port. Under the waterfront
developing project in the Port, Fukushima
Prefecture opened 2000. AMF, conceptual phrase,
seas, the future of
humankind and the earth” is well reflected the
strategy of the environmental aquarium,
enlightening present environmental issues and
pondering the ancient environment.

“Pondering through the

Fig.6. Aquamarine Fukushima, Marine Science
Museum.(2000)

Prologue Started with the Evolution and
Extinction. The story will connect the greatest fish
story with us Aquamarine Fukushima.

These are one of the backgrounds why AMF
has been focusing on the Coelacanth Project.
Because Coelacanth is not merely for the interests
of Menageries age but those for the concept of
conservation of such precious creatures of the water
planet.

Dr. Teruya Uyeno paleontologist of the
National Museum was the advisor of the Prologues
to started with the evolution. Now specimens of two
species of coelacanth are in the galleries. Through
working for three aquariums, the coelacanth is
always located at the center of my fish story. The
strategy of the aquarium,
enlightening present environmental issues and

environmental

pondering the ancient environment.



Fig.7. Prologue themed Evolution and Extinction.

Coelacanth survey is placed as the In-situ

Conservation Abroad
Aguamarine Fukushima,

Museum (AMF here after) prologues “Evolution

Marine Science

and Extinction” and fossil and living fossil are
arranged. Exhibit of two species of Coelacanth,
Latimeria charmnae and L. menadoensis will be
sending the message above. Since WAZA, World
Association Zoos and Aquariums, has stated that
standard zoos and aquariums should have at least
one of the In-situ Conservation Programs abroad.
AMF has placed the Coelacanth Survey as the in-
situ conservation project abroad and established the
cooperative relation with the Indonesian Institute of
Sciences LIPI, and also exchanged MOU with

Fig.8. Established’cooperative research relation with
LIPI  Indonesian Institute of Sciences in
2004/11.MOU Exchanged. Dr. Suharsono Director of
LIPI(right), Dr. Kasim Moosa, LIPI-RCO(center) and

Y, ABE.
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SAIAB, South African Institute for Aquatic
Biodiversity, and Comoro National Museum. |
agree the message of Dr. Tony Ribbink, Director of
SAIAB, “Conservation of the coral reef is finally
well connected with those of the Coelacanth, since
rich coral reef biodiversity supply food for the
Coelacanth.

Y- h ZARBHEHERAICHT SREHEX
MEMORANDUM OF UNDERSTANDING FOR CO-OPERATION BETWEEN

W77 Y500 2SR

sans  T2UN - AKERIOISL | g
*y vith the African Coelacanth Ecosystem Programme

South African Institute for Aquatic E o

Fig.9. Established MOU with SAIAB, South African
Institute for Aquatic Biodiversity. 2006/4 MOU
exchanged.

Prologue of AMF Evolution and Extinction

Life emerged about 3.8 billion years ago, and
the world has seen many species briefly flourished
only ebb and disappear. Evolution does not
necessary mean progress. Actually, evolution can
also be seen as the history of extinction. Fossils and
so-called living fossils like coelacanth have a
message for humans, the only creatures with a
civilization. Evolution and extinction is the theme
of the prologue of the aquarium. AMF shows the
fossils and living fossils through the windows of
evolution.

AMF steps to Fathom the Mystery

Temporary exhibits named, “The Coelacanth,
Fathom the Mystery” was held in AMF in 2001
following the Domestic Symposium. AMF has held
and concerned the two international symposiums on
the Coelacanth. AMF international symposiums
was held in February 2002 in Onahama Japan, and
Marathon Symposium in Florida was held in
December 2002. The domestic committee meetings



held in April 2003. Through these symposiums and
meetings, two proceedings have been published
from Aquamarine Fukushima. Following is the my
fish story of events on the evolution and coelacanth
concerned.

Aguarists are always challenging to develop new
stars from the non-charismatic species. The
greeneye family is one of the themes. Tapetum
lucida apparatus in eyeball is common
characteristics with these fishes to reflect the light
of dawn at the depth of continental shelf. Iwaki
City designated the symbol fish of the City as
greeneye, Chlorophatahlmus spp in 2001 and
consigned AMF to make biological survey on the
fish. This is rather tough species to keep alive more
than tuna Evolution and Extinction. This will be a
good simulation for the coelacanth stewardship.

the project.

AMF is conducting to make survey the
greeneye off shore lwaki with the specially ordered
Remote Operated Vehicle, ROV, with pull down
underwater camera, operation unit with TV monitor
has already introduced to AMF. These could be
operated max 300m deep. This is the smallest, right
weight and high quality, portable ROV. Total
weight of vehicle is 38 kg.

AMF project committee has already
established the following  sub-committees;
Technical Survey, Government and Public Relation,
Evolutionary survey and Conservation Awareness
Survey, Educational Survey, Science-Population
Size Survey, Symposium.

AMF desire is to develop the greeneye project
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toward the proposal. We could not be satisfied with
the stuffing or iron coelacanth or movie any more.
Aquarium group has developed techniques making
survey, capturing, transporting and stewardship on
the so many difficult fish same level as coelacanth.
Present author hopes the dream breeding this
phylogenetic milestone in captivity comes true in
near future. AMF is one of the most appropriate
aquariums to conduct survey on the coelacanth.
Coelacanth should be one of the characters of
aquarium in the future.

Zoogeography of Coelacanth, story behind the
scene.

Present author discussed on the distribution of
coelacanth in the zoogeographical viewpoint in the
previous symposium (Abe 2002). For the
Zoogeographical treatment of tropical marine
fishes, the term Indo-western Pacific has been
advocated by a number of authors including Ekman
(1953), Cohen (1960,1973), Talbot (1970) and
others. They mostly agree that the other three
regional areas for tropical fish distribution are West
Africa, the West Indies (Caribbean) and the Eastern
Pacific (Panamanian). The fish fauna of the Indian
Ocean and Western Pacific Ocean face each other
through a transitional zone ranging from southern
coast of Sumatra southward to the north eastern
coast of Australia. It appears that tropical fish fauna
of the Indian Ocean resulted from the dispersal and
differentiation of the pacific species. The number of
species constantly decreases as we proceed in a
westerly direction.

western Pacific
39,504

In the limited 40 families with sources, the number of species in each
3 areas of geographical range presented by % against the total
number in the family

Fig.11. Coelacanth survived in the Indo-western
Pacific.



Summarizing my past zoogeographical study
in the waters of the Arabian Gulf (Kuronuma and
Abe 1972, 1986) and Dr. Mochizuki’s hypothesis
mentioned at the last symposium (Mochizuki 2002),
the distribution of coelacanth will be centered in the
Western Pacific Region as the pattern shown by
many other tropical marine fishes in the Indo-
western Pacific. The discovery of Indonesian
coelacanth was made by Dr. Mark Ardman,
American Biologist.

Theme of AMF is the Oyashio cold current
from north and Kuroshio warm current from the
Indo-Western Pacific link with the greatest fish
story with us AMF.

CLOSING, WITHTHE TV CM,
GRUMBLINGS OF COELACANTH ON OUR
EARTH

Raja Laut Grumbling for the peaceful world.

Three hundred Million years ago Series:
Father of Raja Laut; “OH! It passed 3 hundreds

million years since started Coelacanth!”

Son; “Shall we evolve soon!”
Father; “You are green! Its important don't change

99

now
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Fig.12. Exhibit of the Greatest Fish Story in 2001.



Tablel. the Greatest Fish Story
Year Month Activities

1964 MAR Ueno Zoo Aquarium opened to public to commemorate 80" anniversary of Ueno Zoo.

1982 MAR-MAY Special exhibit of Evolutional Tree, “You are now climbing the evolutional tree” in
Ueno Zoo Aquarium.

1989 OCT Tokyo Sea Life Park opened to public.
1992 JUN 30 Ueno Zoo Aquarium closed
2000 JUL 15 Aquamarine Fukushima open to public
JUL C7 Established 7 years long term Program
2001 MAR Domestic Symposium. Established “Greeneye Research Project”
JUL Exhibit, “Coelacanth, Fathom the Mysteries” at AMF
2002 FEB 16 AMF 1st Coelacanth International Symposium (Proceedings published)
FEB 17 Project Committee was held.
DEC 04-07 Marathon, Florida International Symposium
2003 APR 21 Domestic symposium Il(Proceedings published including the above symposium)
DEC African Coelacanth, Conservation Ecosystem Symposium, East London. SA
2004 NOV Started Cooperative Research with Indonesian Institute of Sciences, LIPI
2005 APR Survey with ROV, in Manado, Sulawesi Island with ROV and Deep Sea Diving
2006 MAY Succeeded Filming Indonesian Coelacanth in in off Buol, Sulawesi
DEC Tracing Coelacanth offshore Buol, Sulawesi, Indonesia
2007 MAY Survey offshore Manado, Sulawesi, Indonesia
OCT Survey off Tanga, Tanzania
NOV 02 Int. Coelacanth Symposium
2008 DEC Survey Trisei Isl. Manado, Sulawesi Isl. Indonesia
2009 OCT Juvenile Coelacanth found off Manado, Sulawesi, Indonesia
2010 NovVv Survey off Papua, Indonesia
2011 MAR Research stopped because of the disasters
2012 MAY Survey North Sulawesi, Two specimens filmed, dissected in Indonesia. Found the
garbage bag in the stomach.
2013 JUN Survey Northern Sulawesi, one specimen filmed.
2014 AUG Program to establish Coelacanth Research Station started in Sulawesi, Lolak/Bitung.
2015 MAY Filmed Coelacanth off Lolak/Bitung.
2016 NOV 02-03 3rd International Coelacanth Symposium, “Fathom the Mysteries” held.
2017 AUG Morphological and anatomical joint studies on both species Indonesian and African was
conducted.

2018 NOV 05-10 10th IAC was held in Onahama Fisheries Port, Fukushima
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Preliminary Study on eDNA of the Coelacanth's Habitat Around Deep Sea Conservation
Areas of North Sulawesi, Indonesia
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Tropical Biosphere Research center, University of the Ryukyus
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3Research center for Oceanography, Indonesian Institute of Science,Indonesia
4Aquamarine Fukushima and Marine Sciences Museum, Iwaki, Japan
SCenter for Strategic Research Project, University of The Ryukyus, Japan
SFaculty of Medicine, University of the Ryukyus, Japan

ABSTRACT: Indonesian marine waters have lots of resources, especially rocky fishes including ornamental
fishes. However, the utilization levels of these resources are difficult to be assessed due to the limitation of
technology and budget. The new technology called Environmental Deoxyribo Nucleic Acid (eDNA)
approaches is a promising one that is expected to overcome those issues because of their efficiency in getting
results and cost effectiveness. Here, we report the results of our preliminary researches on deep sea eDNA.
We collected from 10 stations ranging in 110-200m depths from two areas in North Sulawesi where many
coelacanths have been discovered by the Green Eye Project on ecological and distribution studies of
Indonesian coelacanths, using Nansen bottle water sampler (1500cc). The collected waters were filtered using
Power Water Sterivex DNA Isolation Kits and preserved with the DNAiso Reagent, then were transported to
Center for Strategy Research Project, University of the Ryukyus, Okinawa, Japan, where eDNA analyses
were conducted. Our preliminary results revealed that the concentrations of eDNA are good, indicating eDNA
was successfully extracted. Furthermore, 40 species were detection by using a high through put HHlumina
MiSeq platform for sequencing analyses, even though we couldn't have detected any coelacanth information.

Key words: deep-sea, environmental DNA, and nansen water sampler

INTRODUCTION water column. In the case of multicellular
organisms, eDNA originates from various sources,

Indonesia as a country has contains of the such as metabolic waste, damaged tissue or
highest marine biodiversity on the planet laid sloughed skin cells (Kelly et al., 2014) (Ficetolla et
between 6° E to 10° S and from 95° E to 142° E al., 2008) Ficetola et al. [4 was the first study
comprises about 18.110 islands with coastlines of demonstrating the use of eDNA for detecting an
about 108.920 km. About 78 % of the Indonesia aquatic vertebrate species (invasive American
waters cover territory with shallow seas in the bullfrog) from controlled environments and natural
western and eastern parts, the Sunda and Sahul wetland, published in 2008. However, this
plates separated by the deep Banda Sea is part and technology is still rare implementation at marine
center of the Coral Triangle of the earth, which water especially for deep-sea water.
covers only about 2 percent of the global ocean but
comprises 76 percent of all known coral species. MANAD O NOREH SULAWESINDONESTA
Although some of the donator from all of the world
are giving attention to protect the region’s critical
biological  diversity and  marine-dependent
livelihoods (Anonymous 2004).

Indonesia has a strategic role as a world
maritime shaft in the global supply chain system to
connect the Asia-Pacific area with Australia, since
it is located between the Asian Continent and the
Australia Continent, and also between the Pacific
Ocean and the Indian Ocean. With those potentials,
God blesses Indonesia with immense marine
resources including the biggest marine biodiversity,
to control those marine resources abundance; the
lots of the budget and times are needed.

A new technology approach can be
overcoming of this problem were available can be Collection Sites
implemented at around Indonesian marine waters

SULAWES! ISLAND “ 3
b

h - Fig. 1. Map of collection sites of Deep-sea water
by using the environmental DNA approach. sampler collected from two areas at Lolak

Env_ironmental DNA (‘?DNA) . in aquatic Waters and Manado Bay North of Sulawesi,
environments refers to genetic material found in the Indonesia.
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Here we would like to predict the coelacanth
(Latimeria menadoensis) and the others marine
fisheries resources existence around the discovered
coelacanth sites since years 2006-2015, and also is
a potential fishing location by traditional fishermen
of the both areas explained above by using the new
and sophisticated technology of eDNA. If can be
implementation of this technology around
Indonesian marine waters, then the research
activities of the marine biodiversity abundance will
become more efficient and effective in relationship
with the budget and times.

METHODOLOGY

Deep-sea water sampling was collected from
10 sites ranging from 110m-200m in depth (table 1.)
at front side of the International Coelacanth
Research Center and Museum Base at Lolak Waters
and Manado Bay North of Sulawesi using Nansen
Bottle Sampler (1500 cc) as shown in Fig. 2. The
positions were follows the discovered of coelacanth
by Green Eye Project on 2007-2015, (Masamitsu 1.
etal.)

The collected waters were filtered using Power
Water Sterivex DNA Isolation Kits (Fig.2) and
preserved with the DNAiso Reagent and kept in a
deep freezer -25° C at Faculty of Fisheries and
Marine Science, Sam Ratulangi University, until
they were transported to Center for Strategy
Research Project, University of the Ryukyus,
Okinawa, where eDNA analyses were conducted
following MiFish protocol at (Miya M. et al.2018).
Therefore, e-DNA extraction was conducted at
Center for Strategy Research Project at University
of the Ryukyus Okinawa Japan by using Power
Water Sterivex DNA lsolation Kit Samples by
followed its protocol as follow (Anonymous, 1993).

=0 e i :.' ",{/ e N
Fig. 2. Research activities in the field collections and
at Laboratory of Ryukyu University.

We conducted electrophoresis for each part 15
PCR and 2™-PCR to amplify the

Intense Signal of MiFish eDNA by Using
Universal Primers MiFish-U-F/R, then it was used

for MiSeq sequencing process. All the sequence
was analyzed for sequence identity at taxonomic
assignment processes.

RESULTS AND DISCUSSIONS

The results show us a good quality of DNA
concentration of water samples after extraction.
The eDNA water sampler was collected from those
two areas, Manado Bay and Lolak waters, Sulawesi
sea of Indonesia, were each collections site has five
stations as shown in Table. 1. And we become more
exiting cause the electrophoresis of each part 15-
PCR and 2"-PCR amplification products show as
the sign of the target sequence bp (Fig. 3). As
positive control the river samples as exhibited
intense signal of MiFish eDNA amplification and
negative controls (DW) showed no clear bands.
Suggestions that no contamination cleared and
feasible to be continued to next of the genome work.

Some number of the species has been analyses
at The Center the Strategic research Projects of
University of the Ryukyus.

Table 1. Results of collections site, satellite positions,
sea's depth and the number of fish’s species was
detected at Lolak Waters and Manado Bay North of
Sulawesi.

Stations Positions Sea’s Depth  Species
(Degrees) (Meter) (Number)
Latitude (N) Longitude (E)
1 0.9298 124.0351 115 8
2 0.9338 124.0066 150 6
3 0.9339 123.9961 196 14
4 0.9217 124.9889 170 2
5 0.9128 123.9869 110 11
6 1.4699 124.8199 95 3
7 1.4707 124.8179 120 2
8 1.4686 124.8153 135 8
9 1.4659 1248112 120 6
10 1.4661 124.8156 90 4

As shown in table 1. were 10 sampled sites of
two areas are indicated of column one, the second
column is satellite positions at latitude of north and
longitude of east in degrees, the third column is
seas’ depth were ranged from 95-196 meters
measured by videos eco-sounder with its Global
Positioning System (GPS) and the fifth column are
the detected fish’s species.

Fig. 3. The 1%-PCR and 2"¥-PCR Shows Intense Signal
of MiFish eDNA by Using Universal Primers
MiFish-U-F/R.



Then finally it can be explained (Table. 2),
from all 10 collection sites we found that, the
number of fish species have been obtained for
taxonomic assignment analysis and the results of
species was detection by deposit analysis of eDNA
water sampler, based on fish base database, GBIF,
Mito fish, and NCBI as shown in Table 4. By using
a high through put Illumina MiSeq platform for
sequencing analyses, we detected eDNA from 40
fish’s species fishes. Even though we couldn't get
any information about coelacanth.

Table 2. The results of fishes’ detection at Manado Bay
and Lolak Waters, Sulawesi Sea of Indonesia by using

eDNA
Number Family Species Scientific Name Swimming Locations
Layers
o)

1 F Ch -yl 50  Lolak

2 Dasyatidae Neotrygon kuhlii 170 Lolak

3 Anguillidae Anguilla celebesensis 10 Sariouw,Manado
4 Anguilla japonica (3¢1) 10 Sariouw

Sariouw, Lolak,

5 Anguilla marmorata 10 Manado

6 Engraulidac Encrasicholina punctifer 35  Lolak,Manado
7 Chanidae Chanos Chanos 50 Lolak

8 Sternoptychidae Maurolicus sp. 400  Lolak, Manado
9 Myctophidae Benthosema pterotum 500 Manado

10 Diaphus regain 500 Lolak

1 Myctophum orientale 400  Manado

12 Mugilidae Chelon affinis 20 Lolak

13 Chelon macrolepis (31) 10 Manado

14 Mugil cephalus 120 Manado

15 Serranidae Odontanthias borbonius 300 Manado

16 p Symphy 183 Lolak, Manado
17 Menidae Mene maculate 200 Manado

18 Carangidae Caranx latus (362) 140 Manado

19 Caranx sexfasciatus 146 Lolak, Manado
20 Decapterus akaadsi 170 Manado
21 Decapterus macarellus 200 Lolak
22 Decapterus macrosoma 214 Manado
23 Selar crumenophthalmus 170 Lolak
24 Mullidae Upeneus subvittatus 100 Manado
25 P Ay ichthys tri s 60 Manado
26 Pomacanthus imperator 100 Lolak
27 Oreochromis niloticus 5 Lolak
28 Kuhlia marginata 5 Lolak
29 Kali indica 500 Lolak
30 Oxyeleotris marmorata 10 Sariouw
31 Sicyopierus japonicus (1) 5 Sariouw
32 Sicyopterus lagocephalus 5 Sariouw
33 Euthynnus alletteratus(>%2) 150  Sariouw
34 Katsuwonus pelamis 260 Lolak
35 Rastrelliger kanagurta 90  Lolak, Manado
36 Thunnus albacares 250 Lolak, Manado
37 Thunnus maccoyii 500 Manado
38 Paramonacanthus japonicus 46 Lolak
39 Lagocephalus gloveri 450 Manado
40 Cyclichthys orbicularis 170 Manado

Table 4. Taxonomic assignment analysis and the results
of species detection by Deposit analysis of eDNA water
sampler from Manado Bay and Lolak Waters
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Furthermore, this bioinformatics data was
compared to the fish's distributions and ecological
as reported from the Green Eye project 2007-2015
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(Masamitsu |. et al.) where the site also known as
fishing grounds of those target fishes. Here we can
have explained that, the results of collections sites,
satellite positions, sea's depth and the number of
fish’s species was detected at Lolak Waters and
Manado Bay North of Sulawesi, explained that the
collection site at Lolak Waters relatively higher
fisheries resources existence abundance.

SeaDepth

Seaepth

@QQ&Q

4-b

Fig.4. The relatlonshlps between the collectlon sites
number and sea’s depth as shown at Fig. 4-a by
radar chart and Collections Sites Seas™ Depth
with balloons pattern analyses (4-b)

As shown at Fig. 4. The relationships between
the collection sites number and sea’s depth by radar
chart approach and the number of the fishes’ species
detected was analyzed and perform by using the
balloons pattern for easer to understand.

600
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Swimming Rayer of Species Detection

1 35 7 9713:-13:15:17::19-21:23:25:27/29'31:33 35 37 39

Number of Species Detection

Fig. 5. Relationships between Detected Fishes Species
and Swimming layers of each.

More interesting 40 fishes  species were
detected by environmental DNA tools in this study.
We found that 8 species are the deep-sea fishes’
species or 20 % from the total species detections as
shown in Fig. 5. According to the former researches
results have been done by Green eye Project team
in collaborating among Aquamarine Fukushima,
Sam Ratulangi  University and Indonesian
Institution of Science Republic of Indonesia
under umbrella of International Coelacanth
Research Center and Marine Museum Indonesia by
using the sophisticated equipment of  remotely
operating vehicles (ROV) during periods surveyed
2006-2016 depths, ranged of 150-225 in meters
were encountered swimming layers of the



coelacanth  (Latimeria around

Indonesia seas.

menadoensis)

The mostly species were detection are the
shallower swimming layers, coral fishes and pelagic
species (Fig.6). Only about 7 deep-sea fish species
were detected from eDNA water sampler, caused by
some reasons the water samples were pickup by
Nansen water sampler just limited to the seas” depth
ranges around 200 meters.

Fig. 6. Relationships between the Sample Sites, Fishes
Swimming Layers and the number of the
detected aquatic creatures by spider chart
pattern.
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Fig. 7. The relationships between the collections and
Fishes™ Species Swimming Layers.

Furthermore, we comparing among whole
DNA data samples, Lolak sea and Manado Bay in
Fig. 7, explained that the percentage of the fish’s
species were detected by the environmental DNA
tools and perform by the lunar eclipse pattern. From
this figure show that the mostly the fishes were
detected are living at shallower swimming layers.
About 90 % of the 40 fish’s species are living at
shallower sea waters or less than 300 meters in
depth and around 10 % of the fish’s species are
living at deep-sea or more than 300 meters in depth.
In Fig. 7-b the fish’s species were detected at Lolak
waters, in this figure show that only 8 % of the fish’s
species were detected are at swimming layers
categorized of deep-sea and the others of them are
more than 90 % are living at shallower and at coral
reefs. And Fig. 7-c is at Manado Bay
with 12 % at deep-sea were detected and clear based
on the PCR results. During our surveyed at the
fields by pick up the deep-sea waters at two areas
consisted by 10 stations around the discovery of
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coelacanth and also became the fishing grounds by
local fisherman from long years ago, unfortunately
we have not yet got any DNA of the coelacanth due
to this organism are vey rare in the sea, or because
they living in the sea bed cave.

CONCLUSSIONS AND REMARKS

Based on our results analysis to developed
universal primer MiFish in a metabarcoding
approach to fish eDNA we confirmed that the Lolak
Waters are having relatively higher the fisheries
resources existence abundance comparing of that on
Manado bay. In implementation of the deep-sea
environmental DNA research, the un-contamination
aspect during fields work is absolutely necessary,
therefore for effectiveness and efficiencies research
of the marine fisheries resource’s existence
abundance point of view, the environmental DNA
technology approach is suitable to be applied.
Finally, this marine environmental DNA technology
could be get fruitful in the near future if it could be
implemented to Indonesian marine and freshwater
due to Indonesia country have very wider territorial
in the view of point forecasting the fisheries
resources existence abundance.
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Aguariums in Manga - Possibility of Aquarium Education

Yuji Kurihara
Kyoto National Museum, Japan

ABSTRACT: Today, Manga is the culture of representing Japan and its quality and quantity are world’s
highest and appreciated led by a youth in the foreign countries. Museums, zoos, aquariums also become the
stage or the subject of Manga in a variety ways.Considering the necessity of aquarium education including
species conservation, environmental conservation or SDGs and human resources development of keeper and
experts in aquarium, we can't ignore the power of Manga which is the medium read by many citizens because
of its high expressive power. This presentation introduces these works and think about our future on the water

planet by Manga.
INTRODUCTION

Currently, the Special Exhibition “Swords of
Kyoto” is showing at the Kyoto National Museum.
In the past, exhibitions about swords did not draw
huge crowds — they would typically pull in experts,
as well as the more curious museum-goers. But,
every day, we have suddenly found ourselves
welcoming many female visitors. So much so that
they have been forming a long line, to get in. This
gueue of women was so noticeable that our security
staff have had to manage the unwelcome interest of
certain, let us say; ‘lonely men’ that appeared — not
to see the exhibition, but to pester the waiting
visitors. In Japan, online gaming is extremely
popular, and certain games are aimed at female
audiences. One such game is called “Token Ranbu”,
and in this game legendary swords are depicted as
handsome young men. So, we believe this to be the
reason why we are seeing a sharp rise in female
visitors coming to museums to see Japan’s historic
sword masterpieces, not just in Kyoto, but all over
the country. Currently, this collaborative exhibition
is proving to be very popular.

Manga is one of the cultural representations of
Japan - and many believe it to be the world's best
animation. The quality and quantity of manga is
appreciated - largely with young people at the
vanguard - in every country. The course of study
specifies the utilisation of manga, and comics that
are used for school textbooks and examinations.
Local government utilize Manga to introduce their
history. Many examples are utilizing Manga as
guidebook or introduction. Central government
utilize Manga to introduce their task. Museums or
historical site utilize Manga for display. Manga
Museums and Memorial Museums to Manga Artists
have been established in many places. There is also
a movement to set up a Manga Museum Network in
Japan. Some Manga Museums are contributing to
regional revitalization. Recently, Manga exhibitions
have been held at more than 100 museums or
cultural facilities, every year in Japan. Many manga
exhibitions are held abroad, as well. Manga
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museums have even come to be established abroad.

MUSEUMS BOTH FEATURE ASATHEME
IN, AND PROVIDE APLATTFORM FOR
MANGA

I would like to introduce some examples of the
relationship between Manga and museum.

* Fujihiko Hosono “Gallery Fake”

The main character called Reiji Fujita was the
curator of Metropolitan Museum, but he is learned
in every field, and now in the black market. It
introduces the backstage life of the museum and
the work of the curators.

Eishi Ai, Kei Satomi “ZERO The Man of the
Creation”

The main character, Zero is deeply knowledgeable,
with superior sensory powers and memory, and
completely reproduces everything that exists in
the world.

Kazuo Koike, Seisaku Kano “Auction House”
The main character, Ryu Sogen is a world-famous
art expert, and confronts the "dark side" of the art
word to exact revenge.

Motohiro Kato “C.M.B. Cause list of Shinra
Museum”

The main character has extensive wide knowledge
and solves many difficult cases.

Sachiko Aoki “Z0O0 KEEPER”

Itis afiction, but it prompts some interesting ideas.
The main character has eyes which can perceive
temperature and she finds, treats and captures her
cases.

Masato Fujisaki “Wildlife”

The main character can understand the heartbeat
and respiratory sounds of animals, and can
distinguish a case with perfect pitch.

In these Museum Manga, the main character is
an exceptionally talented expert. It is a little bit
old fashioned, but it shows some of Manga’s charms.

There is a lot of Museum Manga, but time is
limited. I’11 quickly introduce some of them.



« Jiro Okazaki’s “National Museum Story”

» Kazuhiro Fujita “Black Museum - Springald”

» Mariko lwadate “Art museum still on August”

* Mami Kashiwabara “At the mercy of the space”

Recently, comic essays that introduce the
backstage workings of museums, showing the
curators and museum staff, is increasing. For
example;

* Izuma Kuroda “People in the museum”

* Yuri Ono “Working in the art museum”

* Fuki Inoue “You of glasses and the museum”
* Mitsuko Usae “A Museum Girl”

These are very interesting and educational for
beginners or persons who would like to work at a
museum.

AQUARIUMS BOTH FEATURE AS A
THEME IN, AND PROVIDE A OLATTFORM
FOR MANGA

Aquariums and Zoos also become the platform
for, or the subject of Manga in a variety of ways.
Koichi limori “My zoo diary” is the first Manga
featuring a zoo theme. The basis of the main
character is Toshio Nishiyama, who was a keeper at
Ueno Zoo, and former director of Tobu Zoo. This is
documentary manga.

Now, there is a lot of Aquarium Manga, just as
with the aforementioned Museum Manga. These
Manga may be divided into four broad types.

(1) The personification of fish or marine animals;
many works for children like “Finding Nemo” and
“Zootopia”. In Japan, “Jungle Emperor Leo”by
Osamu Tezuka is most famous. For example;

* Kiriko Kubo “Rice in the bucket”.

* Ryoko Sugihara “Natural Aquarium”

» Watanabe Denki Inc. “Aquarium for Life”

* Nakayoshi Yoshida“Asahi! Let’s go to the Zoo”
* Kohei Horikoshi “Twilight Zoo”

* “Kemono Friends”

(2) Documentary records of existing aquariums; for
example, Okinawa Churaumi Agarium or
Asahikawa City Asahiyama Zoo. For example;

* Kenji Yoshida, Fujio Fukamitsu “Okinawa
Churaumi Aquarium Story”

* Yumin Mori, Kei Honjyo “ASAHIYAMA ZOO
STORY”

« Katsumi Tatsuzawa“BENJIE”(DeNA 2018)
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(3) Fiction set in the aquarium; especially the sort of
stories where the aquarium staff are the heroes of
the tale, are most popular, and sometimes the main
character has exceptional abilities, 1 mentioned
before. For example;

* Midori Takanashi “A Sea Animal” - the main
character can relate to Sea Animals.

* Jyotaro Mokumiya, Aoi Amagi “Aquarium Girl”

* Masumi Sudo “Aquarium”

* Masumi Sudo “NANANABANI Garden”

* Maomi Ito “Aquarium of the Little Mermaid”

* Kiyomi Sugishita “Deep Sea Aquarium
MagMell”

» Wataru Ishi “Suizoku Company!”

* Yu Abiko “Welcome to a Happy Aquarium”

» Akiyo Kurosawa “Zoo at all”

* panpanya “Ashizuri Aquarium”

* Nae Serizawa “Desires Aquarium”

* Makoto Ogyu “The tropical fish longs for snow”

(4) The essay style of Manga that introduces the
backstage work of museums, or the work of the
keepers, trainers and staffs at aquariums. For
example;

» Tomokichi Hidaka “I will work in an aquarium”
* Qtaro Hanamizawa “Animal Illustrated Book”

+ Saku Yamaura“Animal trail”

* Kikka “I’m working in Zoo”

* Satoshi Miyakoshi “The casual day at the Zoo”

CONCLUSIONO

A When the Manga of fishing made a hit in the
1970s, a fishing boom came in Japan. Also, when
the Manga of the veterinarian made a hit in the
1990s, a competition rate of the veterinarian
department rose at a stretch.

The influence of Manga is significant as much
as that. The weekly Manga magazine records sales
more than 2 million copies, and there may not be the
hand which does not utilize this.

Considering the necessity for aquariums to
educate — on the subjects of species conservation,
environmental conservation or SDGs and human
resources development for the staff and specialists
at the aquarium - we cannot ignore the power of
Manga, which is a medium read by many citizens
for its high expressive power and ability to
influence. It would be great that if every country
could publish the Manga that featured the theme of
aquariums and environment.



The Primorsky Aquarium: Modern Trends in Its Educational and Awareness-Raising
Activities

Shevchenko Olga
National Scientific Center of Marine Biology, Far Eastern Branch, Russian Academy of Sciences,
Research and Education Center “Primorsky Aquarium”, Russia

ABSTRACT: The Primorsky Aquarium is a branch of the National Scientific Center of Marine Biology (Far
Eastern Branch of the Russian Academy of Sciences). The Aquarium started educational activities right after
its opening in October, 2016. By now, two educational projects, Educational Environment and Growing up
at the Aquarium, have been carried out at the Primorsky Aquarium. The main goal of the Educational
Environment project is to reinforce and deepen the knowledge obtained by pupils at school. Special emphasis
is placed on school children’s self-directed work with data given on information displays at the Aquarium
exhibits. The Growing up at the Aquarium project is designed to develop a cognitive interest in the science
of marine biology in children aged five and older through knowing the natural environment at the Aquarium.
Both projects are aimed at bringing up kind hearted and environmentally educated people who will take good
care of our planet.

Fig. 1. Main building of the rimorsky Aquarium.

The Primorsky Aquarium is a branch of the some topics, with museum exhibits, or tank
National Scientific Center of Marine Biology, Far dwellers (if classes are conducted at the Aquarium
Eastern Branch of the Russian Academy of exhibits), serving not only as a visual aid but also a
Sciences. The Aquarium was open to general public source of information for study purposes. Such
on September 3rd, 2016 (Fig. 1). Its significant lessons are an effective tool for socializing children,
feature is that this research and education center is and they will help to ‘vitalize’ the educational
included into the Russian Academy of Sciences, and process, captivate pupils interest, broaden their
its main goal is to create and display collections of minds and enhance their cognitive abilities.

marine and freshwater inhabitants for research and The integral part of the Aquarium is an
educational purposes. educational block consisting of lecture rooms,
The first educational project, Lesson at the learning laboratories, a movie theatre and a library

Aquarium, was launched right after the opening of equipped with modern equipment. A conference
the Aquarium in October, 2016. Wednesday has hall, classrooms and exhibit collections facilitate
been chosen for the work with organized groups of the implementation of unique educational programs
pupils, and on this weekday admission for other on marine biology and ecology. The Aquarium
visitors is limited. The Lesson at the Aquarium has serves as a teaching ground for preschool and
the same core idea as the Lesson at the Museum school children and university students providing
project does. In Russia museum lessons are them with an opportunity to participate in scientific
extremely popular since they are intended to research process.

reinforce and deepen the knowledge of pupils about The concept of the Lesson at the Aquarium
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project implies a single class or a series of classes
held in the framework of a particular school subject
on the basis of the Aquarium exhibits for the
purpose of in-depth study of the subject. The lesson
necessarily corresponds to particular themes from
the school curriculum and includes additional

research and creative tasks beyond the curriculum
(Fig. 2).

Fig. 2. School children performig a ta;k on their own.

On the basis of the Federal State Educational
Standards a total of 13 lessons have been developed
for children of primary, secondary and upper
secondary schools on such subjects as Science,
Biology and Geography: “Coral Reef Fishes”,
“What is a Fish?”, “Life in Cold Water”, “Save the
Tropical Rainforest”, “Four Homes for Fish ”,
“Tropical Rain Forest Community”, “Life in a
Water Drop”, “Research Methods in Biology”,
“Emerald Green Belt of Earth”, “They are So
Different, Interesting and Sometimes Dangerous”,
“ Far Eastern Seas”, “Explore the Invisible World”,
“Unwind the Spiral of Evolution”.

Distinctive features of the project classes are as
follows:

-Classes are held at one or, rarely, two of the
exhibits;

-Each lesson has its scenario reflecting the specifics
of the exhibit and a developed worksheet;

-During the classes a special emphasis is made on
self-directed work of pupils;

-Children have an opportunity to work with
educational films (the ‘Evolution of Life in the
Ocean’” and ‘Rivers and Lakes’ exhibits),
microscopes (the ‘Microworld’ exhibit), a touch
pool and interactive displays (‘The Sea of Japan’
exhibit);

-Pupils are enabled to perform research in the
learning laboratories.

Being conducted at the Aquarium exhibits, the
classes give children a chance to see live marine and
freshwater animals in conditions most similar to the
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ones of their natural habitats. The content of the
Aquarium exhibits corresponds to the themes of the
lessons and includes topics on nature protection and
commercial fishery. To investigate microorganisms
and cellular texture of different organisms, the
Agquarium has learning laboratories with modern
microscopy equipment.

The Aquarium classes are to be attended by an
organized group of school children accompanied by
their teacher and one parent. The classes are
provided free of charge by specialists of the
Environmental Education Center of the Aquarium.
If pupils want, they can reinforce the obtained
knowledge at workshops or laboratory practical on
the studied topic. The following structure of a lesson
is considered the most efficient: a short lecture
acquainting children with the exhibit, questions on
the topic and individual work by pupils performing
the worksheet tasks. At the end of the lesson
children discuss their results and fill in a feedback
form. On average, over 400 schoolchildren take
lessons at the Aquarium exhibits every Wednesday
(Fig. 3). During the implementation of the project
almost 20,000 children have taken part in it.

Fig. 3. A secondary school pupil doing self-directed
learning beside the information display.

To date, the Lesson at the Aquarium has
developed into the Educational Environment
project and gained larger audience. On Wednesdays
the Aquarium is visited by groups of preschoolers
for whom our specialists hold entertaining
excursions (Fig. 4).

In March, 2018, the Educational Environment
project was joined by organized groups of children
with disabilities. Among them there are visually and
hearing impaired children and children with autism
and Down syndrome. Before their visits qualified
specialists conduct a long-term training, with a
visiting program being developed. In addition to the
educational component, the project gives an
excellent opportunity to socialize these children.



Fig. 4. Children aged 5+ durin an entertaining
excursion at the Aquarium exhibit.

The Aquarium is developing cooperation with
secondary and higher educational institutions of
Vladivostok and Primorsky krai. While young and
school children take classes held by the Aquarium
specialists, university students specializing in such
fields as Biology, Ecology, Ichthyology,
Architecture and Engineering are given lectures by
their teachers at the Aquarium exhibits (Figs 5, 6).

Fi. 5. Students feinforcing the studied material with
the help of information displays.

Fig. 6. Foreign students having classes in the

Aquarium’s lecture room after their visit to the exhibits.

The Russian language classes conducted at the
Aquarium are extremely popular among foreign
students studying Biology in various universities of
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Vladivostok. The significant feature of this
language program is its applicability: students study
the specialty language being surrounded by aquatic
inhabitants. Such interactive lectures contribute to a
better assimilation of both vocabulary and
biological knowledge.

The second large scale project of the
Primorsky Aquarium, Growing up at the Aquarium,
began its work in October 2018. Its main idea is to
raise humanity in children aged 5-15 through the
creation of an educational space which is focused
on the manifestation of such qualities such as
kindness, empathy, compassion, responsibility, and
helps to develop in children personal responsibility
and cognitive interest in the science of marine
biology.

The Growing up at the Aquarium project
objectives are as follows:

-To acquaint children with science as a way of
knowing the world;

‘To generate  conditions  for  cultivating
environmental literacy among children aged 5-15;

‘To create conditions for raising children’s
awareness about the unicity of aquatic inhabitants
and forming careful attitude to them;

-To provide necessary conditions for nurturing in
children aged 5-15 the best human qualities, team
working skills and personal responsibility in
interaction with Nature on the basis of their
cognitive interest in marine biology;

-To produce an emotive environment for children
with disabilities;

-To implement programs, the content of which is
based on the child’s cognitive interest in marine
biology in the context of its continuous study.

The project implies the continuous study of
marine biology and consists of 4 learning stages,
each of them is designed for children of particular
age and will be held from October to May. At each
stage children get information from various fields of
marine biology.

The first of them is “Belyok” (‘belyok’ is the
Russian name for a newborn pup of the Baikal seal),
an environmental biology studio for children aged 5
to 7, which started its work 3 years ago. Here
children get acquainted with such professions as
biologist-divers, marine mammal trainers, marine
biologists, paleontologists, ichthyologists that are
related to providing the aquatic dwellers of the
Agquarium with comfortable living conditions (Fig.
7).

One of the main goals of the kids’ studio is to
instill a positive attitude to the environment in
children and lead them to understanding of intrinsic
value of any living being. Since most studio alumni
want to know more about the aquatic world and its



inhabitants, they pass to the new learning stages of
the Growing up at the Aquarium project.

Fig. 7. Preschoolers getting acquainted with the
profession of ichthyology in the Research Building for
Adaptation of the Primorsky Aquarium.

The second learning stage, “Young
ichthyologist”, is aimed at children aged 7-8.
During the classes children will “dive” into the
world of aquarium fish to become familiar with
their behaviors. The pupils will learn how to
produce conditions favorable to certain fish species
and collectively choose plants and fishes to add to
their common fish tank which will be later placed at
one of the Aquarium’s exhibits. This stage is
designed to plunge a pupil into research activity and
involve him into the process of creating a habitat
comfortable for his/her pet fish. A child who knows
special aspects of keeping of aquatic inhabitants
will never do any harm to them and learn what
‘taking care of someone’ means.

The following stage, a “Man and Sea” art
studio, is designed for children at the age of 9-10.
Its purpose is to cultivate empathy in a child. Pupils
will learn about the harmony of the surrounding
world and see the beauty of marine inhabitants.
With the help of collaborative and individual art
projects children will understand how to tell people
about the problems of the World Ocean, and what
each individual can do to protect it. The participants
will express their feelings through creative art
works and share their experiences with peers within
scheduled meetings (Fig. 8).

“Aqua Laboratory”, the fourth stage of the
project, invites school children aged 11 and older
and is intended to develop personal responsibility
and team working skills in children. The classes will
be held in the Aquarium’s learning laboratories
equipped with research microscopes. Children will
study microscopic organisms constituting plankton
and investigate a complex life cycle of marine
invertebrates and specifics of their anatomy (Figs 9,
10).
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Fig. 8. Children depicting the world of aquatic animals.

F o e

Fig. 9. The world in a water drop can be seen using a
light microscope.

in

Fig. 10. Modern research equipment used
educational projects of the Primorsky Aquarium.

One of the “Aqua Laboratory” sections is
dedicated to the evolution of life in the ocean. Using
the paleontological collection and exhibits of the
Aquarium, pupils will trace how anthropods,
mollusks and chordates have been changing in the
course of millions of years. The stage also includes
paleontological excursions to the Zhitkov Peninsula
of Russky Island where Triassic layers crop out. A
separate section of the program deals with dinosaurs
and ichthyosaurs, and the final part of the stage is
dedicated to man and his place on Earth.




The Growing up at the Aquarium classes are
provided free of charge by specialists of the
Environmental Education Center of the Primorsky
Aquarium and take place several times a week.

The project is designed to bring up small
biologists, starting with children of preschool age.
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And even if in future the project alumni choose
some other professions, not connected with natural
sciences, they will turn into environmentally
educated people taking good care of our planet.

The website of the Primorsky Aquarium is
WWW.primocean.ru.



Charting a Course for Sustainable Fisheries

Julie Packard
Monterey Bay Aquarium, USA

ABSTRACT: Over a quarter century has passed since the international aquarium community gathered in
Monaco at the first IAC meeting to share ideas and best practices. Over time, our missions have evolved as
the world has changed, toward more focus on our role in solving the growing environmental crisis that
surrounds us. But, are we doing enough? Freshwater aquatic systems are a basic requirement for human
survival, from drinking water to food security. And, healthy ocean and aquatic ecosystems are critical to
enabling life on Earth to exist. Their future will determine our future... and, in fact, our very survival. The
ocean is our lungs, our pantry, our playground, a massive driver of global commerce and a storehouse for
innovation to meet human needs. But, we know now that these aquatic systems are changing at a dangerous
pace.

Our global community of aquariums has a massive untapped opportunity to turn this tide. We have done a
good job of helping millions of visitors know more and care more about the ocean and aquatic life, but we
haven't done nearly enough to guide them to take the next step. Fortunately, we have created an amazing
array of effective models for ocean and aquatic conservation, from marine protected areas to fisheries
governance reform to consumer movements for sustainable seafood. And, we now have a road map in the
new UN Sustainable Development Goals which include specific targets for freshwater and life in the sea.

I am confident we can turn the tide -- by investing in people and ideas to demonstrate solutions, nurturing
hope and aspiration, and showing our audiences how they can engage to make change. The collective action
of everyone in this room -- whatever we decide to do at our institutions in the next few years -- will help
shape the future for humanity on this planet.

INTRODUCTION

Global climate change is clearly the biggest
The global aquarium community has done a threat to healthy ocean ecosystems. Already
fantastic job in providing experiences that are greenhouse gas emissions are causing big changes
engaging, educational and fun for our visitors. And in ocean circulation and ecosystem composition.
since we first gathered as an international Pollution from land-based sources — plastic,
community in Monaco 58 years ago, we’ve been nutrients, and chemicals — is a second major concern.
talking about the urgency of taking our missions to Unsustainable fishing is the third big impact area;
the next level, to help people not only know more how much seafood can we extract from the sea and
and care more about the aquatic world, but also to still expect it to function and to feed the millions

do more on its behalf. Today I'm happy to say that who depend on it for sustenance and livelihoods?

the vast majority of us have the word conservation World catch of wild fish peaked in the mid-
in our mission statements. But are we doing enough 1980’s and has remained level. Since that time,
to make good on that promise? aquaculture has escalated to meet the growing

Healthy ocean and aquatic ecosystems are global demand, expanding at a nearly exponential
critical to life on Earth. Their future will determine pace to meet the needs of a growing population.
our future. The ocean is our lungs, our pantry, our While many forms of aquaculture have undesirable
playground, a vast driver of economic security and environmental impacts, done in a sustainable way,
a storehouse for innovation to meet human needs. aquaculture will be key to enabling food and
But, we know now that the aquatic systems that economic security to millions of people. The good
provide these services are being degraded at a news is that aquaculture practices are rapidly

dangerous pace. improving and on their way to sustainability. In
contrast, we have a long way to go to achieve

THE CHALLENGE WE FACE sustainable wild fisheries.
The ocean today is changing before our eyes, Humans have looked to the sea for sustenance

becoming more imp