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Meso- and bathypelagic fishes over a mid-ocean ridge system: vertical patterns and topographic association
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The vertical distribution of the deep-pelagic fish assemblages relative to a mid-ocean ridge system
will be described from an acoustic and discrete-depth trawling survey conducted during summer 2004
as part of the international Census of Marine Life field project MAR-ECO (www.mar-eco.no). The 36-
station, zig-zag transect along the northern Mid-Atlantic Ridge (MAR; Iceland to the Azores) covered
the full depth range (0 to >3000 m), from the surface to the ridge, using a combination of gear types to
gain a more comprehensive understanding of the pelagic fauna (i.e. reduce gear selectivity).
Abundance per volume of deep-pelagic fishes was highest in the epipelagic zone and within the
benthic boundary layer (BBL; 0-200 m above the seafloor). Minimum fish abundance occurred at
depths below 2300 m and above the BBL. Biomass per volume of deep-pelagic fishes over the MAR
reached a maximum within the BBL, revealing a previously unknown topographic aggregation of a
bathypelagic fish assemblage with a mid-ocean ridge system. With the exception of the BBL, biomass
per volume reached a water column maximum in the bathypelagic zone between 1500-2300 m, in
contrast to previously studied abyssal regimes whose biomass decreases exponentially from the
surface downwards. As much of the summit of the MAR extends into this depth layer, a likely
explanation for this midwater maximum is ridge association. Multivariate statistical analyses
suggested that the dominant biomass component among the deep-pelagic fishes over the northern
MAR was a wide-ranging assemblage of bathypelagic fishes that was remarkably consistent along the
length of the ridge from Iceland to the Azores. Integrating these results with those of previous studies
in oceanic ecosystems, there appears to be adequate evidence to conclude that special hydrodynamic
and biotic features of mid-ocean ridge systems cause changes in the ecological structure of deep-
pelagic fish assemblages relative to abyssal ecosystems. Lacking terrigenous input of allochthonous
organic carbon, increased demersal fish diversity and biomass over the MAR relative to the abyssal
plains may be maintained by increased bathypelagic food resources. The aggregation of bathypelagic
fishes with MAR topographic features was primarily a large adult phenomenon. Considering the
immense areal extent of mid-ocean ridge systems globally, this strategy may have significant trophic
transfer and reproductive benefits for individual fish populations.
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Evolution of deep-sea fishes: A molecular phylogenetic perspective
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Animal mitochondrial genome (mitogenome) is a closed circular, double-stranded DNA molecule of
about 16.5 kilobases (kb) in length, comprising 37 genes (13 protein coding, 22 tRNAs, and two rRNA
genes) plus a control region. Because of simple and uniform organization, such as lack of
intermolecular genetic recombinations, maternal inheritance, and a relatively rapid evolutionary rate,
mitochondrial (mt) DNAs have been extensively used for studying population structures,
phylogeography, and phylogenetic relationships at various taxonomic levels. In particular, the whole
mitogenome sequences and the gene arrangements can be informative at deep phylogenetic
relationships. Our research group has developed a rapid and economical method for determining whole
mitogenome sequences using a long PCR technique and many fish-versatile PCR primers (Miya and
Nishida 1999). Using this method, we have determined whole mitogenome sequences for »900 fish
species in an attempt to recover evolutionary history of various fish groups. The published phylogenies
from our study group have covered entire spectrum of ray-finned fish diversity, enabling us to develop
a single “super tree” with a time scale. On the basis of that super tree, I will illustrate how and when
various deep-sea fish groups have evolved during long history of ray-finned fish (450 million year) and
characterize their patterns of diversification.
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Jewels of the Deep Sea -Precious Corals-

B S Bk IREE

Okinawa Churaumi Aquarium

FPIEE

Masanori Nonaka

EAYIET. ARLET) S PG R TEMBCEREOHM THAIN TE /2, HETIIILFT
R AL N S, EAIR 2 MRS NS X D272 0, BB UEAKIICEEI NS X D12/
(Kosuge, 1993), 2O XS WERNH 2ICEHEnND5 T, T OEYBEOMIZEEHIZIER D2, FRIC
HAMEDOFEAY > JHEICBET 2 EYWHFHNRIIIFEEALEELS, BREOMBIZMGEE X1 T 5% (Debenham,
per. com.) SIS, SHBOWENEELEEZZ SN D,

MBS S /K REE T, BREEMEF S RAY > JHEOHE - EBRICHE DA (Nonaka et al., 2006) .
RIS 2B E ML TIToTnD, TOEFRICDOWTIE, IR FTY > JWE2 O ¥S
EHFETHREZITV, HFONEARZITICHEANERGFZEDO TWS, £z, FEHSNITINTY
BWEHIARDREICOWTHFABRNSLET, T DEIEE WO FH-RIEAED D 0RENE S
I, ZOBIRZ —RDOAXICEKRTZIEDHL S HED., SHRKKRENE DX DITROHA TN N
ENERET S,

Species of the family Coralliidae (Octocorallia: Gorgonacea) have been known since antiquity as
precious coral, because their beautiful and hard skeletons have been very valuable for use as jewelry,
medicine, and other products. In Japan, the fishery of precious corals was started during the Meiji-Era
(Kosuge, 1993), and has continued to the present in the Kochi, Kagoshima and Okinawa regions. As
precious corals resources have been decreasing worldwide (Debenham, per. com.), their study,
especially of Japanese species, is becoming increasingly important.

At the Okinawa Churaumi Aquarium (Okinawa, Japan), we have kept and displayed colonies of
various species of Corallium for over two years (Nonaka et al., 2006). During 2005 we investigated
resources for harvest of precious corals in the Ryukyu Islands. We have found that there are
taxonomic problems to solve and that we also must investigate their reproduction, growth rates, and
general ecology. Our goal is to farm these corals in captivity at the Aquarium, leading to conservation
of Corallium spp. living in the deep sea.
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In the last 30 years, our knowledge on deep-water has been largely enriched, particularly in the
Indo-West Pacific. Accumulation of specimens and accompanied data enables us to develop
substantially the taxonomy of many taxa. In this presentation, I would like to show results of my
ongoing study of the deep-water caridean family Glyphocrangonidae derived from morphology-based
taxonomy. The family consists only of the genus Glyphocrangon A. Milne-Edwards, 1881. Species of
the genus exclusively inhabit deep-water at depths of 157-6373 m deep. The deepest record represents
the deepest of the decapod crustaceans. Glyphocrangonids are distributed in warm temperate to
tropical waters in the Indian, Pacific and Atlantic oceans. Examination of abundant samples from the
world oceans, including type materials of the previously described species, resulted in the findings of
many new species. Particularly remarkable is the existence of a number of species complexes. These
complexes consist of geographically isolated species. Komai (2004) recognized 57 species in the Indo-
West Pacific, of which 29 species were described as new to science. Since then eight new species have
been added to the Indo-West Pacific fauna, but I have confirmed the existence of undescribed species in
samples from newly investigated areas. High degree of endemism is remarkable particularly in the
Philippine-Indonesian Archipelago, Japanese-Taiwan Archipelago, Australia and New Caledonia and
adjacent islands. For example, so far, there are no common species between New Caledonia and eastern
Australia. Although the larval stages of Glyphocrangon species are poorly known, all known species
have large and few eggs. This suggests that the larval development is highly abbreviated in
Glyphocrangon. It has been reported that the known larvae hatched in the laboratory were zoea, but
there have been no records of Glyphocrangon larvae from plankton samples. The larvae are not
planktonic, but probably demersal, and therefore, it can be assumed that they have rather low ability
of dispersal during larval stages. Furthermore the heavily built body structure also suggests that adults
Glyphocrangon are not active swimmers. I suspect that local populations of common ancestors were
easily isolated by geographical barrier because of the low ability of dispersal in both larval and adult
stages. It is interesting to note that species inhabiting bathyal zone tends to be more restricted in
geographical range than species inhabiting lower bathyal or abyssal zones.
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Biology and evolution of deep-sea stylasterid corals (Cnidaria: Hydrozoa: Stylasteridae)
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Stylasterid corals are among the most important habitat-forming organisms on hard substrates in
the deep-sea. Stylasterids (also known as ‘hydrocorals’) are also one of the most diverse groups of
corals, with more than 250 extant described species, of which >90% are found solely in deep-sea
habitats. Here, I review the studies on the biology, ecology and evolution of the Stylasteridae, from the
early explorations in shallow waters and in the deep-sea to the recent advent of molecular systematics.
In addition, I present information on life history and species associations, and conclude that further
research in ecology is important to better understand the evolution of stylasterid coral diversity and
their role in both shallow-water and deep-sea ecosystems.
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Biology of “mega-mysterious” megamouth shark
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Megamouth shark is a huge shark, attaining nearly 6 meters in total length. Nobody had ever
dreamed presence of such a huge and unknown shark in the ocean until its accidental capture in
Hawaii in 1976. It was one of the most surprising ichthyological discoveries in the 20" century. The
shark was finally recognized as a species, representing a new species, genus and family of the lamnoid
(salmon) sharks, and the scientific name Megachasma pelagios was given to the shark.

Since 1976, 38 individuals were captured, landed or witnessed, but almost nothing is known about
its biology, and the megamouth sharks is a mega-mysterious shark even at present.

In order to illuminate the unknown biology of the megamouth shark, all the records were
analyzed, and a specimen was dissected for analysis of feeding behavior.

Capture records suggest that the megamouth shark is distributed in tropical to temperate waters of
the world oceans, attains its sexual maturity at about 4 meters in total length, copulates in higher
latitudes, and gives birth to young in lower latitudes. Embryos are still unknown.

The megamouth shark is known to feed on planktonic animals, same as the basking shark and
whale shark. However, anatomical observation of the megamouth shark suggests that it takes a
unique feeding way, which is a new method to the sharks, different from those of other two plankton
feeding sharks.
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Diversity and Distribution of Chimaeroid Fishes. One Woman’s Quest to Promote Global Ratfish Awareness
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The Chimaeroid fishes (Subclass Euchondrocephali, Order Chimaeriformes), commonly referred to
at “ratfishes” are a relatively obscure group of bizarre shark relatives. Despite their deep-water habitat
and cryptic behaviors, these fishes have captured the imagination of scientists and artists alike. In
recent years the discovery and description of new species has significantly increased understanding of
the global diversity and distribution of chimaeroid fishes which are currently represented by 36
species worldwide. In particular, seven new species within the Family Chimaeridae have been
described in the past 10 years, representing a nearly 30% increase in diversity. Additional species are
in the process of being recognized, with at least 4 new species to be described in the next year. A
global analysis of diversity and distribution is revealing new information regarding species
distributions and geographic ranges. Using modern georeferencing techniques distributional patterns
of chimaeroid species worldwide were examined. This offers a powerful tool for mapping species,
predicting species ranges and distributions, and also for fisheries management and conservation
applications. Additional information from deep water ROV’s and submersibles also has the potential to
increase knowledge of species ranges and habitat associations.
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Discovery, diversity and distribution of New Zealand deep-sea fishes
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A brief history of exploration and discovery of New Zealand fishes is presented. Over the last 25
vears this work has doubled the number of known deep-sea fishes to over 800 species. Examples are
shown of specimens freshly caught on seamounts during the 2003 NORFANZ voyage in the Tasman
Sea. Although a large number of new deep-sea fishes have been discovered, many more await
discovery. To date, sampling intensity at offshore sites has been insufficient to measure complete
faunal diversity and composition, with many remote areas and most areas »>2000 m deep still
unsampled. Nevertheless, comparison of fish diversity and composition at sites with good sampling
effort show these deep-sea faunas are rich in numbers of species but are not uniform in character, with
high wvariability in species composition and patterns of distribution. Some species distributions
(including areas of endemism) follow bathymetric features. It is proposed that ancient oceanic ridges
and chains of seamount have influenced the dispersal and evolution of the present day fish fauna of
New Zealand. Future voyages will test this hypothesis, which may be equally valid for deep-sea fish
faunas elsewhere, including Japan.
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Long-term captivity of deep demersal fishes in tropical waters
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The marine fauna off Okinawa Island is characterized by beautiful tropical coral reefs and many

colorful tropical fishes, because of the strong influence of the warm Kuroshio Current from the south.
In general, it is difficult to achieve long term success in keeping deep-sea demersal fishes from tropical
waters, owing to the temperature differences between the deeper and surface layers. Since the opening
of the former Okinawa Expo Aquarium more than 3 decades ago, we have been trying to collect deep-
sea fishes from the depths of 100-980m off Okinawa Island (25-27N), and keep them alive for research
and exhibit purposes.

Our samples of deep-sea fishes were taken mainly by using hook and reel, traps, long-lines and
occasionally an ROV. Most of the fishes we collected from the deep suffered decompression disease,
exhibiting expansion of the swimbladder, protrusion of the stomach from the mouth and "bends"
(necrosis of tissues by thrombosis). The most serious problem that prohibits long-term keeping deep-sea
fishes is the “bends”. In this presentation, we introduce one of our successful experiments to treat
decompression disease using a treatment tank which is pressurized by forces of gravity produced by a
narrow high water column.

As a consequence of our attempts, we have succeeded in long-term captivity of many deep-sea
demersal fishes under ordinary shallow-water pressure. Ruby snapper ( Etelis coruscans), deep-sea
spiny dogfishes (Squalus spp.), Blacksail snake mackerel ( Thyrsitoides marleyi) and Threetooth puffer
(Triodon macropterus) represent our successes, and have provided us many opportunities for their
long term observation of deep-sea fishes. However, we are now successfully keeping only 42 species of
deep-sea fishes, representing only 6.5% of the species recorded from the Okinawan deep-sea.
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Behaviour and habitat selection of deep-sea fishes
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How many species live in the deep sea? How do they look like? What is their behavioural
repertoire and which activities in space and time do they display? Admittedly we are still far away of
being able to satisfactorily answering such kind of questions, but in the study of deep-sea fishes some
advancements have been made during recent years using several methodological approaches. Here 1
shortly review and evaluate five of the most promising approaches to investigate behaviour and/or
habitat selection and provide some suggestions of how research of deep-sea fish behavioural ecology
might be optimized in the future. The five approaches are: (1) Functional morphology, (2) Field
sampling, (3) Acoustics, (4) In-situ observation, and (5) Ex-situ observation.

Functional morphology often arises as a “by-product” of taxonomic and systematic studies, is
strongly comparative and correlative, and can be also used to examine hypotheses on behavioural
strategies. Field sampling with towed opening-closing gear can provide information on vertical and
horizontal distribution in the pelagic, static gear allows studies of aggregation formation and
distribution patterns on or close to the bottom. With acoustic instruments migrations and aggregation
formation can be tracked three-dimensionally within a limited range. In-situ observations can be made
by deployed cameras which are often equipped with attraction devices, or by underwater vehicles
which allow to study behaviour and habitat selection over larger distances, both vertically and
horizontally. Tagging with transponders allows additional investigation of migration activity. Ex-situ
observation of deep-sea fishes brought to the surface has been carried out only to a limited extend and
was mostly restricted to respiration and other physiological examination.

The best in order to obtain a profound knowledge of the behaviour and habitat selection of deep-
sea fishes would be to combine various methods and to further improve them towards this purpose. For
instance, underwater vehicles can be equipped with acoustics and fish sampling devices. Slow
acclimatization to surface conditions may allow deep-sea fishes to be kept in tanks for longer periods
and study their behaviour more entirely. In parallel, however, it will be important to enhance basic
taxonomic and systematic work. Many collections of deep-sea fishes are still awaiting detailed
morphological studies that promise exciting and often completely new insights into life in the deep sea.
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Deep diving behavior of northern elephant seals
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Northern elephant seals Mirounga angustirostris are “mesopelagic mammal”. They dive about 400
m continuously throughout migration period and the maximum dive depth recorded is 1581 m. The
air-breathing animals like seals must return to the surface to replenish oxygen, and their average dive
duration is about 20 min. They convert stored oxygen into energy during a dive. Therefore, it is
expected that the process of foraging (for example, diving to the depths where their prey concentrated,
searching for, pursuing, and catching the prey) is carried out efficiently while holding breath.

Northern elephant seals spending as much as 80% of the time underwater during the migration
travel and rest not while surfacing, but during dive. As they must acquire enough fat and return to the
breeding area to prepare next breeding or molting season, it is important to use their energy and time
efficiently for feeding, traveling and resting. Marine animals are known for using their negative or
positive buoyancy to descend or ascend. Using this “gliding method”, animals can move without
flipper movement, so they can save energy. In addition, they save travel time by managing vertical
and horizontal swim speed along with changing body angle during descent and ascent. In this study,
we use acceleration data loggers to monitor seals’ body angle and flipper movement and elucidate
how seals save energy and time during migration.
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Physiology and ecology of deep diving animals
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Science on diving birds and mammals, which commenced as diving physiology in late 1930’s by
Irving (1939) and Scholander (1940) has changed remarkably as more complex science in the last
several decades by applying the advanced technology in study of free diving animals in the fields.
Thus studies on free diving animals took the components of physiological and ecological aspects of
living animals in its context, and we obtained better understanding on diving behavior of many
animals in relation to foraging behavior and diving physiology. However, as far as deep diving
behavior of some animals, studies are insufficient and challenges to solve major questions about deep
diving behavior have remained.

Generally assuming that regardless the body size, the deeper animals dive the more energy they
need to do it, then several questions arise. One of major questions is “Do deep divers has developed
peculiar energy saving system for deep diving like as glide dive mode?” and another is “Do they
developed unique system of prey detection like as prediction system to increase foraging efficiency?”.
I will review physiology and ecology of deep diving behavior of birds and mammals and discuss matter
arisen from points of view of above aspects in my presentation.
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“Sounding” in the deep-sea: how sperm whales find and exploit prey in diverse ocean layers
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The sperm whale is a major marine predator, and stomach contents reveal that they have a very
diverse diet dominated by squids and fish. Recent research using acoustic and movement recording
tags has confirmed that sperm whales use powerful echolocation clicks for foraging at depth, and that
50% of their time budget is spent actively encountering prey. Though considered to be a mesopelagic
predator, our tag data reveals that sperm whales also actively forage in epipelagic, bathypelagic, and
benthic habitats. Diving patterns in the Gulf of Mexico correlate with patterns recorded with
backscatter patterns recorded with a 38kHz sonar, including indications of diel movements near sunset
and the presence of prey at and below the primary deep-scattering layer. The intense and low-
frequency echolocation clicks generated by sperm whales during diving allow them to search for prey
throughout the water column, and whales are observed to switch foraging layers between, and often
within, dives. Though we still have only very limited information about the specific prey consumed by
tagged whales, acoustic searching appears to enable sperm whales to opportunistically exploit diverse
resources that may be patchy in time and space.
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Reproductive biology of Ceratioid Anglerfishes. What became clear so far
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Currently, ca 29,000 species of fish are reported. Fish has made their way to every corner of the
aquatic environment of the Earth, and are by far the most prosperous of vertebrates. Among Teleosts,
Ceratioid Anglerfishes are a unique presence. They are the most specious taxa at depth greater than
2,500 m, and currently, 11 families and about 160 species are reported. Ceratioids possess a
bioluminescent luring apparatus called the esca, which is attached to the tip of the first dorsal fin ray to
lure their prey, and they are the high ranking predators of the deep sea ecosystem. The biggest
characteristic of this suborder is male parasitizing the female body, only such example among the
vertebrates. This unique mode of reproduction is reported from 5 families of Ceratioidei. Although
reports on male parasitism and parasitized females are being accumulated, studies on the mechanism of
parasitism are scarce. How parasitic males obtain nutrients from the host female is not known.
Intrigcued and charmed by this truly unique mode of reproduction, I have worked on Ceratioid
Anglerfishes reproductive biology whenever the opportunity to work on this fascinating animal came
by. My studies were focused on Cryptopsaras couseii, a species most well represented in museum
collections. Newly acquired specimens and museum specimens cataloged at Hokkaido University and
National Science Museum, Tokyo were used. Other than microscopic observations and measurements
of specimens, sibling analysis and stable isotope analysis between host female and parasitized males,
and TEM observation on sperm ultra-microstructure were carried out. Results of these studies will be
presented at the symposium.

Should you catch a parasitized female Ceratioid Anglerfish during one of your future research
cruises, do provide me with a chance to work on that specimen. Your help and cooperation will be
greatly appreciated.
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Adaptations for Living Deep
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The environmental challenges for animals living deep in the water column include reductions in
light, temperature, food supply, oxygen concentration, and opportunities for reproduction. Species that
have successfully adapted to the deep pelagic habitat exhibit a variety of differences from their
shallow-water relatives. Among such adaptations are: highly-developed vision systems, diverse
bioluminescent capabilities, novel reproductive strategies, both convergent and divergent evolution of
body forms, and radical changes in trophic position and feeding strategies. Access to deep water with
undersea vehicles has made it possible to observe deep pelagic animals in their natural surroundings,
and to collect and maintain them in the laboratory and potentially for exhibition.
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Challenge of Longtime feeding for Deep-Sea Organisms and the Life-Support System
“DEEPAQUARIUM” to Keep the Deep-Sea Organismes under High Pressure Environment
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The deep-sea organism, not only a microbe but the multicellular organism lives in deep sea. The
organisms have adjusted to various extreme environments. The relationship of deep-sea environment and
deep-sea multicellular organism, especially to clarify about adaptation of animal tissue cells were the
purpose of our research. We carried out the following developments; the capture device of multicellular
organisms (for example, fish, bivalve, crustacean) in deep sea, keeping and feeding system in captivity
under high pressure water, and the optical microscope system for tissue cultured cell observation under
high pressure environment. Furthermore, we have tried keeping and feeding of the multicellular
organism of deep sea under atmospheric environment, and biological response research of the cultured
cell under high-pressure environment.

The capture device was carried out in the payload pallet of research submersibles, and operating was
confirmed. We captured Simenchelys parasiticus, Simenchelys parasiticus, Alvinocaris shrimp,
Buccinidae sp. and Zoarcidae sp. by using keep-pressure tank from the seabed of deep-sea. The capture
which maintained pressure by adjustment of switch valve and improvement of a procedure was 80% of
success rate. By the high-pressure environmental keeping and feeding experiment for three months using
“DEEPAQUARIUM” (equipment which considers keeping as capture of deep-sea organisms), 60% of
keeping was possible. A rapid pressure change for a short time caused abnormality to the feeding
behavior of the multicellular organism. Decompression in a long time can minimize the damage to the
organisms. Continuous breeding is tried in cooperation with Enoshima Aquarium aiming at long-term
breeding of the organismes of the ocean.
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Reproduction of deep-sea vesicomyid bivalves
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Successful fertilization is a critical factor in the life-history of free-spawning aquatic animals. In
case of shallow water animals, environmental factors including bright sunlight, lunar period, tidal
cycle are known to be cues for spawning. Our knowledge of the reproductive biology and ecology of
most deep-sea animals is very limited due to the logistic difficulties of deep-sea investigations.
Although the literature concerning deep-sea reproductive biology is limited, reproductive patterns for
deep-sea animals range from seasonal to continuous spawners. For example, seasonal spawners
typically have mature gametes during spring or fall, following the elevated seasonal flux of organic
carbon derived from dense phytoplankton blooms in surface waters. Vesicomyid bivalves are a
common taxon at deep-sea vents and seeps. These bivalves have no digestive system. Nutrition is from
symbiont bacteria in their gill cells. I would like to present reproductive ecology of vesicomyid
bivalves using the long-term deep-sea observatory and submersibles.
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Abstract: The ocean water column is a nearly limitless and weightless environment, and its
properties have allowed the evolution and radiation of animal morphologies that could exist nowhere
else on earth. Gelatinous animals, such as medusae, siphonophores, ctenophores and pelagic tunicates
are some of the most typical and common organisms of the open ocean and deep sea. Several different
phyletic groups have converged on body plans characterized by soft, watery tissues. This general
adaptation provides for buoyancy, camouflage, and efficiency of metabolism and growth. Gelatinous
organisms can be large individually, and some are even larger as colonies. They variously employ
toxins, adhesives, muscular, ciliary and mucous systems in feeding mechanisms that maximize contact
with prey organisms or food particles, while minimizing energy expenditure. Reproductive strategies
often include asexual mechanisms and mating behaviors that maximize fertilization success in the vast
volumes of the deep ocean. The beauty, mystery, and apparent simplicity disguising unexpected
sophistication of gelatinous plankton all make them some of the most intriguing creatures in the sea.
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Observations of mesopelagic large cephalopods in the wild by recent under-water visual equipments.
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We have been conducted studies on systematic, ecology and potential biomass of deep-sea large
cephalopods around Japanese waters by using under-water digital camera system since 2002. We have
successfully obtained digital still images of a live giant squid in its natural environment at 900m depth
off Ogasawara Chichijima Island in 2004. This finding was broadcasted by worldwide media and
internets and was evaluated one of the invaluable scientific discoveries. In 2005, we have developed a
new under-water high definition video-camera system with Japan Broadcasting Corporation (NHK)
and filmed another deep-sea large squid, Taningia danae swimming and hunting as well as light
emitting from arm-tip large photophores in the depths between 240-940 m off Ogasawara Islands. In
2006, we have improved the video-camera system to be compact enough to handle on small fishing
vessels. On 4™ December, 2006, we hooked on a live giant squid and filmed it with a video camera
when it appeared at the surface. This video footage was also introduced by worldwide media and
through the internets. We have lightened misty of deep-sea large cephalopods a little by little with
developing new under-water visual equipments. Here we show the way of our progress and newly
obtained knowledge of deep-sea squids through our research project.
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Although seemingly vast and beautiful, in reality the deep sea too has been severely damaged by
human activities.

Reports from deep-sea scientific expeditions in the Atlantic, Pacific and Indian Oceans (such as
WHOI, MBARI, NIWA, RSMAS, JAMSTAC) unequivocally demonstrate the fragility and vulnerability
of deep-sea life to deleterious human activities.

This report introduces “beauty”, which is the beautiful, truly wonderful and strange life studied

and recorded by deep-sea biologists and geologists. Then it examines the strange and terrible effects
produced by “beast”, Homo sapiens. The “beauty” is nature, down down down in the deep sea, so deep
vet not deep enough to escape our human destruction. The “beast” is ourselves.
We know the problems and we know the solutions. To ensure continuing life for both beauty and the
beast, whether deep down in the sea or high up on the land, we know that we must cut back
production and consumerism, we know we must cut back population growth, we know we must slow
down our frantic human pace. However, are we ready to solve the problems we have created? It
seems that Homo sapiens is not, not at all, “sapiens”.

177




MDD EZY
Marine Wildlife in Okinawan Water

B S BIKHREE

Okinawa Churaumi Aquarium

NHEGE=

Senzo Uchida

BEE O ke 13, mvbsts GRERFIE) FUOmOZ E2FL TWwWa, mMiE#SX. U5
BEMZ. 1,200km 127z > TIVRIZEZR > TWD, 6> T, Z OREHEENTICRE248 2 S 31, 123
ENSIBUEDRRIIN I ENZMWRTH S, JLimlIfE» 5. mumd g, il 5I0E . dmidit
KEETH D, ZOWHHOHELESY DL EAEBEIZIZ = SDOBELR T 5N 5,

5T, B A DRFFICHEL 2 > T RIC, #iEOILih 2 RN 2 E R ER,. S ELL O SN EE,
=DHIZHESORMICEET 25BN, FEEIOMERRE D —DOWEIBE TH 5. MHE3ES /KIEEED
)RR SGENIIEOWEOKZ L T, L0 = D0HIcAR T 5HOEZTHDITHES VWS ET
5,

TR DHEIE B A B I & W D MBI EICIN A, #IZ20°0C~30°COEmWKIEZFFDORBOFE S 2
. SUNBHE EIRIEEIC B 2N DR AR L Tnh b,

M AR 2 L TnWB T4 A HEOEIMIC S S 2 S3IERITDR 0, KIEEEZBOEMZIEL . fH
FL TEROBEICHL TWd, WHITALDHEANDOROOKE ZH TN,
AFEE T Z O =D OBRBICFDEMWEZ HEN I 2,

FHEERL TWDHE, BEEREL 282 D OICEEN T 25, SEIGEES >R LAD—ERT

HDZMS, K2 OFEIADHIBETH2HMBICHERZEZD T, BHEITHILET S,

The “Okinawan waters” of this title refer to the ocean areas around the Nansei (Ryukyu)
Archipelago, which stretches 1,200 km in length, from Kyuyshu in the north to Taiwan in the south.
This area spreads between latitudes 24 to 31 degrees N and longitudes 123 to 131 degrees E. The
northernmost island in the Archipelago is Tanegashima, the southernmost, Hateruma, the
westernmost, Yonaguni, and the easternmost, Kitadaito. Three distinctive environments can be found
in these Okinawan waters: the first, coral reefs surrounding islands; the second, open seas with a big,
strong, warm current (the Kuroshio); and the third, deep seas (the Ryukyu Trench to the east, and the
Okinawa Trough to the west).

The Exhibit Concept of our Churaumi Aquarium is “Travelling in Okinawan Waters”, that is,
following a guided journey to meet the interesting animals living on our shores, in our coral reefs, in
our open seas, and in our deeps. Because of geographical location, and the influences of the warm
Kuroshio (constant temperatures of 20 to 30 degrees C.), our Okinawan fauna is very diverse and
fascinating, especially compared with more northern regions.

We humans are terrestrial animals, and as such, usually have limited opportunites to meet marine
animals in our daily lives. However, our Aquarium successfully collects and keeps marine animals in
captivity, and thus is literally a continuous “window on the sea” for terrestrial humankind. We strive
daily to fulfill our roles of display to vistors, education, and scientific observation. For this Deep-Sea
Symposium, I introduce the marvellous marine animals living in our three marine environments,
including normally shallow-water species that occasionally visit the deep seas.
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“Mysteries of the Deep” a temporary exhibit of deepwater animals of Monterey Canyon.
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Monterey Bay Aquarium founder David Packard’s fascination with the deep canyons located in
Monterey Bay led the aquarium to start early investigations into the animals living in this unique
environment. Our goal was to study the possibility of collecting and displaying these deep sea animals
to the public. Early work started in 1987 with mid-water tows on research vessels from Scripps
Institution of Oceanography and Moss Landing Marine Laboratories finally utilizing research vessels of
the Monterey Bay Aquarium Research Institute, MBARI. MBARI's unique remotely controlled
underwater vehicle was key in the success of the aquarium’s goals to make both observations and
collections of deep sea creatures.

The Mysteries of the Deep exhibit design team began with a list of 80 potential animals for possible
consideration for the temporary exhibit; the final number was about 60. These 60 animals were both
robust and long-lived and new and of unusual appearance making them suitable for aquarium exhibit.
Early efforts at keeping animals from the deep sea taught the collectors and aquarists that special
equipment and techniques would be needed to keep these animals in good health for long periods of
time. Specially designed holding and display tanks required water temperature and light controls as
well as the capacity to maintain correct oxygen levels, very low dissolved oxygen in some cases for
certain animals. Correct collection techniques and ship-board care were shown to be critical to long-
term survival.

The final exhibit featured a wide range of diverse animals collected from sheer canyon walls, mid-
water and from the sea-floor. Pom-pom anemones, predatory tunicates, sponges, mid-water eel pouts,
ratfishes and catsharks represent a selection of the exhibit. The Mysteries of the Deep was open to the
public in March of 1999 and remained popular up to 2003 when this temporary exhibit was closed.
Collection, care, specialized exhibit life support systems, and the species displayed will be discussed in a
visual presentation.
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