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Akan

1. Description of the Natural Environment

1.1. Volcanoes and Lakes Surrounding Lake Akan

The region is at the southwestern tip of the Chishima volcanic zone on the
Akan-Kussharo volcano group, which is mainly made up of Quaternary volcanoes,
including the Akan, Kussharo and Mashu calderas. The Akan caldera is the oldest of the
calderas in the region (formed around 120,000 years ago), followed by the Kussharo
caldera, formed somewhere between 30,000 to more than 100,000 years ago, while the
Mashu caldera is among the newest in the northeast, being formed around 7,000 years

ago.

There are volcanoes in the Akan caldera, including the active Mt. Meakan (Meakan-dake;
1,499m), the highest peak in the region, as well as lakes and reservoirs, such as Lake
Akan, Lake Penketo, Lake Panketo and Lake Onneto. The caldera is surrounded by
subarctic evergreen forests of Yezo spruce Picea jezoensis and Sakhalin fir Abies

sachalinensis.

“Ancient Lake Akan” in the center of the caldera partially filled up with lava flow
erupted from Mt. Furebetsu (Furebetsu-dake) and Mt. Fuppushi (Fuppushi-dake) in the
southwestern part of the caldera. Later, the water level retrogressed due to erosion near
Pirikaneppu in the southeastern part of the caldera, exposing the lake floor. Around
12,000-13,000 years ago, Mt. Oakan, in the inner eastern part of the caldera, started
erupting and the lava flow caused a partial dam (near the top of the waterfall today),
forming the “Former Lake Akan”. Later, 12,000 years ago, Mt. Oakan, slightly to the east
of the center of the caldera, erupted, the large lava flows forming a ring formation of lakes
and reservoirs, including the present-day Lake Akan, Lake Taro, Lake Jiro, Lake Penketo,
Lake Panketo, Hyotan Marsh and Junsai Marsh. Among these lakes are wetlands

formed by later deposits.
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1. Formation of ancient volcanoes (outer rim)

(100,000s of years ago)

- Mt Iyudanipuri Mt Ahoro Mt Kikin

2. Formation of the Akan caldera (150,000 years

Mt Akan

3. Formation of the caldera and Lake Akan
(100,000-150,000 years ago)

4. Eruption of Mt Furebetsu and Mt Fuppushi
(10,000s of years ago)

Mt Furebetsu Mt Fuppushi Kussharo

5. Eruption of Mt Meakan (20,000 years ago) and
Mt Oakan (10,000 years ago)

Mt. Meakan Mt. Oakan . Lake

Fig. Evolution of Akan Caldera (Kushiro City 2013)
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1.2. Fauna

The Lake Akan watershed catchment and surrounding area is covered in expanses of
virgin forest, which is home to mammals, birds and insects. There are nine confirmed
families and 24 species of mammals, including large mammals such as the brown bear
Ursus arctos and sika deer Cervus nippon yesoensis, as well as the red fox Vulpes vulpes
schrencki, the mountain hare Lepus timidus ainu and the Eurasian red squirrel Sciurus

vulgaris orientis.

There are nearly 150 confirmed species of birds, including the black woodpecker
Dryocopus martius, the white-tailed sea-eagle Haliaeetus albicilla, the Steller’s sea-eagle
H. pelagicus (VU, IUCN Red List) and the Blakiston’s fish owl Ketupa blakistoni
blakistoni (EN, TUCN Red List).

There are reported to be 9 orders, 119 families and 1,098 species of insects in Akan
National Park. The Japanese burrowing cricket Velarifictorus micado and field cricket
Loxoblemmus campestris, found in fumaroles on the southern shore of Lake Akan, are
1dentified as potential relict species distributed throughout temperate regions. In terms
of benthic animals, there are reported to be 1 order, 1 family and 3 species of flatworms; 1
species of roundworms; 2 orders, 3 families and 4 species of gastropod mollusks; 1 order, 1
family and 1 species of bivalves; 3 orders, 5 families and 11 species of oligochaetes; 1
species of leeches; 3 orders, 3 families and 3 species of malacostracans; and 7 orders, 193

species of insects.

1.3. Flora

The Lake Akan watershed catchment area is dominated by northern evergreen coniferous
Yezo spruce Picea jezoensis, Sakhalin spruce Picea glehnii and Sakhalin fir Abies
sachalinensis. Changes in forest species by elevation (vertical distribution) can be seen
from foot to summit on Mt. Oakan and Mt. Meakan, from coniferous forests to the
Erman’s birch Betula ermanii zone, the Japanese stone pine Pinus pumila zone and

alpine plant communities. The volcanic gravel vegetation is widely distributed in the
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summit area of Mt. Meakan. A community of Japanese stone pine on Mt. Atusanupuri is
growing in a special environment (lowland at an altitude of 160m) that has been

significantly impacted by volcanic activity.

While there are few endemic plant species in the region, there is a relatively high number
of plant species (around 700 species of higher plants) from various environments.
Included among these are many that bear the name ‘Akan’ in Japanese, such as
meakan-kinbai ‘Mt Meakan winter jasmine’ (Sibbalidia miyabe1), meakan-fusuma ‘Mt
Meakan’s blanket’ (Arenaria merckioides Maxim. var. merckioides) and akan-suge ‘Akan

sedge’ (Carex Ioliacea). Salix arbutifolia is included as VU in the ITUCN Red List.

Marimo Aegagropila linnaei grows in Lake Akan and is designated as a special natural
monument of Japan. There are reported to be 259 taxonomical groups of freshwater algae,

including marimo.

2. Proposed OUV

2.1. Akan Lakes

While Lake Akan and the surrounding lakes and wetlands formed at the same time from
the same water system, the smaller bodies of water in the lower reaches of the
Ibeshibetsu River in the north and the Shirakoroju swamp area in the south have been
filled in by sedimentation from the surrounding rivers and have now become wetlands.
Thus, the lakes have a laboratory-like element to them, providing the opportunity to
witness the various stages of transition of a lake from the same source turning into a
swamp and then a wetland. These lakes are also diverse in water quality from
oligotrophic to eutrophic to dystrophic, not only due to the differences in size and shape,
but also due to the catchment area and the effect of the surrounding environment. This
diversity in lake environments is an important basis for each body of water having its

own community of aquatic organisms.
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2.2. Marimo Aegagropila linnaei
Lake Akan and the surrounding lakes have undergone unique transitions due to the
impact of volcanoes, with a diverse lake ecosystems that have fostered marimo and other

rare biota.

Marimo is distributed in high latitude regions of the Northern Hemisphere; its main
habitat is in East Asia, particularly Japan, and Northern Europe around the Baltic Sea. A
recent study has confirmed that the marimo in these two regions is the same species.
Further, while spherical marimo once grew in several places in Europe, it now only grows
in two places: Japan and Iceland (Lake Myvatn). Furthermore, the study also showed
that marimo is on the verge of extinction in Lake Myvatn and that DNA analysis has

indicated that all of the marimo in the world is very likely to have originated in Japan.

Marimo has three growth forms: epilithic, free-floating filaments and aggregated balls.
All three growth forms can be observed in Lake Akan. Marimo only grows into large balls
and clusters of balls in Lake Akan and Lake Myvatn in Iceland. Lake Akan is the only
place in Japan where marimo has been confirmed to grow into balls the size of a fist or
larger, and there are only two places in the northern part of Lake Akan where it will grow.

For this reason, marimo has been designated as a special natural monument of Japan.

The following four elements are considered to be factors specific to growing marimo.

1) Lake Akan originated as a caldera lake caused by a volcanic eruption; a unique basin
topography formed through the complex geological action of erosion, eruption,
damming and depositing. Surrounding rivers carried in sediment, developing
shoaling inlets, particularly on the northern and western sides, creating an
environment in which it is easy for spherical marimo to roll around.

2) The complex inlet system and the topography of the lakeshore deposited silt, stones
and gravel were on the lake floor, resulting in different bottom sediment in different
places, diversifying the marimo habitat.

3) The very strong winds that blow from the southern side of Lake Akan effectively

create moderate waves on the shallow lake floor, maintaining the spherical shape of
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the marimo.

4) The presence of springs has been confirmed on the floor of Lake Akan. Together with
the water flowing in from the outer rim to the north, which mainly consists of
rainwater, the water coming from Mt. Meakan to the south, with high sulfur and
hydrogen sulfide content, and the water from Mt. Oakan, with high concentrations of

minerals, give the water in Lake Akan a very complex composition.

The marimo population has depleted in its distribution region within Japan. The
Ministry of the Environment has designated it on the RDB as Critically Endangered and
Endangered (CR + EN). Even in Lake Akan, the habitat has deteriorated, with decreased
water quality and decreased transparency resulting from discharged effluent as the
post-war hot spring industry has developed, and algae blooming in summer.
Countermeasures have since been carried out, such as establishing a sewage system to
preserve the water quality, the establishment of the Marimo Preservation Society, the
establishment of the Marimo Conservation Measures Committee in 2009, made up of 22
public and private sector groups and the formulation of the Marimo Protection

Management Plan.

2.3. Yuno-taki Fall

The Onneto Yuno-taki source and the slope of the waterfall are home to various microbes,
including cyanobacteria, which emit oxygen during photosynthesis, and
manganese-oxidizing bacteria, which bind the oxygen to manganese ions in the hot spring.
The combined action of these microbes forms manganese dioxide on the surface of the

slope of the waterfall; this rare location can produce over 1 ton of sediment in a year.

There are huge land-based manganese dioxide deposits now being discovered that are
believed to have been deposited in the primordial ocean in the Precambrian era. The
formation mechanism of currently-active manganese dioxide deposits around deep-sea
hydrothermal deposits and of manganese nodules that slowly form over a wide area of sea

floor is still a mystery. Accordingly, searching for manganese dioxide deposits that are
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still forming naturally holds the key to understanding events of the past.

The presence of manganese-oxidizing bacteria thought to be a different species from those
in the Onneto hot spring has been confirmed near an area of hydrothermal activity on the
ocean floor. The deposit-forming process involving microbes capable of oxidizing
manganese is thought to be the same both on the ocean floor and on land. However, in
order to use this as a research material requires deep-sea research vessels and prolonged
investigation, which present a major obstacle. Further, while the manganese deposits
that are still being formed on land are found in caves along the headwaters of the
Tennessee River and in various places in Japan, they are very small and it has been
difficult to clarify whether the actual manganese oxidization in the natural environment

is being achieved by a chemical mechanism or by a microbiological mechanism.

The scale of the Yuno-taki Fall manganese deposit is unparalleled for a manganese
deposit that is still being formed on land. It is the largest in the world in which the
manganese formation process can be examined directly and relatively easily. Research to
clarify the mineral formation mechanism is being carried out in various fields, including

geoscience, microbiology, mineralogy, volcanology, geology and hydrology.

3. Comparative Cases

3.1. Myvatn and Lax4 (Iceland, tentative list, (viii) (ix) (x))

The Myvatn region is both geologically and biologically unique and is valued for
conservation. Rainwater accumulated in the porous subterranean volcanic bedrock
travels underground, forming a series of springs that flow to the surface and into rivers
and lakes in the various water systems. The largest water system is the wetland region
around Myvatn and Laxa. Lake Myvatn (37km?) is situated 278m above sea level and
encompasses over 50 islands. The scenery landscape of the lake shore and the islands is
distinguished by the impressive pseudocraters, formed by phreatic eruptions when hot
lava flowed into the lake around 2,300 years ago. The most famous of these craters are

the Skutustadagigar craters, which has a special protection status.
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Myvatn and Laxa have one of the largest breeding populations of waterbirds in the world.
A total of 115 species of wild birds have been recording living in the region, including 28
species of ducks. There are 15 species of ducks that regularly breed in the region; the
most frequent of these are the tufted duck Aythya fuligula, the greater scaup Aythya
marila and the Eurasian wigeon Anas penelope. Often frequently-seen ducks include the
Barrow's goldeneye Bucephala islandica, the red-breasted merganser Mergus serrator,
the common scoter Melanitta nigra and the mallard Anas platyrhynchos. Three of the
duck species that breed in the region are rarely seen in other parts of Iceland. Myvatn
and the surrounding region is the only confirmed breeding ground in Europe for the
Barrow's goldeneye; it is also the easternmost breeding ground for the harlequin duck
Histrionicus histrionicus. Besides ducks, there are also over 300 pairs of Slavonian grebes
Podiceps auritus that breed in the region, as well as the whooper swan Cygnus cygnus,
red-necked phalarope Phalaropus Iobatus, great northern divers Gavia Immer,

red-throated divers Gavia stellata and other waterbirds.

The main reason for this ecology abounding in wild birds is the rich nutrients supply
provided by the lake. Due to the abundance of primary products and the high population
of insects and other small organisms, the lake is an abundant food source for the birds.
The size of the lake, the wide expanse of shallows, the large number of islands, the long
stretch of shoreline, the dry climate, the varied topography and other factors have all
contributed to the formation of this ecology abounding in wild birds. Since Myvatn is
shallow (a2 maximum depth of 4m, except in areas where siliceous sediment (diatomite)
has been extracted), the lake floor gets enough daylight to sustain a wealth of vegetation,

including the rare algae species marimo Aegagropila linnaei.

3.2. Shark Bay, Western Australia (Australia, 1991, (vii) (viii) (ix) (x))
The world’s largest and most diverse stromatolites (hard, dome-shaped structures formed
by microbial mats) can be seen in the hypersaline Hamelin Pool in Shark Bay. Analogous

structures dominated marine ecosystems on Earth for more than 3 billion years.
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The stromatolites of Hamelin Pool were the first modern, living examples to be
recognized that have a morphological diversity and abundance comparable to those that
inhabited Proterozoic seas. As such, they are one of the world’s best examples of a living
analog for the study of the nature and evolution of the earth’s biosphere up until the early
Cambrian. The Wooramel Seagrass Bank is also of great geological interest due to the
extensive deposit of limestone sands associated with the bank, formed by the

precipitation of calcium carbonate from hypersaline waters.

4. Challenges

4.1. Lake Akan and Marimo

There are many questions that cannot be answered by earth science, such as the biota in
the lakes in various stages of transition, inter-species relationships and their impact on
the lake ecosystems and not enough research is being carried out to explain the biological
and ecological processes. In terms of diversity, 40 years of continuous research has shown
that Lake Myvatn is unique in Europe for its diversity of biota, particularly among
waterbirds, and progress is being made on clarifying population dynamics. World
Heritage inscription has never been done for a single species. An IUCN study made
mention of Criteria (x) with the statement that “the value of a single species alone is not
enough to prove World Heritage OUV; those sites have not been inscribed in the past,
such as wild donkey sanctuaries in India”. It would probably be difficult to get Lake Akan
inscribed on a World Heritage list, only for a single species of marimo Aegagropila

linnaei.

4.2. Yuno-taki Fall

In Shark Bay, Western Australia, one of the comparative cases, the photosynthetic
microorganisms (cyanobacteria) not only produced the world’s first oxygen on a beach in
the Precambrian era, but also continue to produce stromatolites, products formed by the
deposition growth of calcium carbonate, and are inscribed in the World Heritage list as a

living fossil.
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Manganese-oxidizing bacteria in the Yuno-taki Fall produce manganese dioxide deposits
using oxygen produced by cyanobacteria. While this differs from Shark Bay in terms of
producing stromatolites by collective microorganism action, there are similarities in

terms of biomineralization, where living organisms are involved in producing minerals.

61



2) HMERBAE

o [IFEH (KLEEYSHKM) BHEREMR —9A20H-

Akan National Park
Lakes of the Akan District:

those multifactorial ecosystem and biodiversity
caused by unique volcanism

Isamu Wakana
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Akan National Park is locatedin
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Lakes and volcanos at Akan area

Origin and lake type of the Akan lakes
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Diversity of water source flowing into the Akan lakes

Diverse origin of biota and environmental structure of the lakes

In addition to the variation in trephic level, th i i ity (pH, elerments,
salinity etc ) of the inflowi Further i i iological diversity, Especially in
Lake Akan, el i il i i ;

P orin
occurnear the water sources.

change, the Akan lakes exhibithigh bicdiversity,

Water temperature
=

L ]

Diversity of environmental structure on land

Land vegetation changed by temperature and pH of soil

Wapor fumarch e (5T 95T

ST ol teerporsture madtured & 25 ¢ un derth o st ace with Bermocouls { July 1920, 2014)

Conclusions: the lakes as a catalog of freshwater ecosystem

1. The nature of the Akan district, based on a typical subarctic forest vegetation;
has varied ecosystems influenced by unigue volcanic activity.

2. The diversity of ecosystems supports high biodiversity and many different
trophic levels in lak ound ML Geakan,

recenwved significant amounts of sedil
years

4. Itis ikely thatover the millennia the water system, composed of cold, warm
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Major Marimo populations in Lake Akan
and their polymorphic growth forms

Morphological and ecological characteristics

of Marimo in Lake Akan

1) Distribution of Marimo balls in Lake Akan Is restricted like global

distribution

2) Huge Marimo balls, which are not seen in other grossly-visible organisms,
occur (| i i is 30 cm)

3) The balls develop populations at the two hern inlets (but two western
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Schematic diagram showing relationship between the Diversity of environmental structure
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Formation process of Lake Akan as Marimo habitat

ears

Mt Fursbetzu Mt Fuppushi
Tl 7eT

Akan Volcano
LE 4T

BE#BALTS

Formation process of Lake Akan as Marimo habitat

Mt O-akan Lake Panke
L GE LRSS afieirbey

Finally, Lake Akan was formed in the west side of the Akan Caldera
about 12,000 years ago by damming after voleanic eruption of Mt

O-akan. For this reason, the lake has complicated shoreline and Its
substratum is rich in diversity.

Diversity of environmental structure
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Conclusions

1) Growth and distribution of Marimo are influenced by various
environmental factors

2) Thediversity of the envi in Lake Akan brings
phological and ecological y of Marimo
3) F of balls req some special environmental

conditions and thelr precise combination, and that has become a base of
the scarcity of the existence
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-...Thank you for attention
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Two Types of Biomineralization

Organisms indirectly Organisms directly
produce biominerals produce biominerals
(bio-induced) (bio-controlled)

-
@ The organism takes in the o ~a
substances necessary for
its biological activities

into its body from the
‘ surrounding environment

The organism breaks

down the' sibstanees it The organism breaks down

£ @ has taken into its body 'the §ubstances it has taken, s
<. Ous « and turns these into new into 1!:5 body and turns these P
Sa @, substances, then into sou;cei pf the ]
J T eliminates them from its comnonents for hinminerals o
hadv
® e
I
ac”o

The substances
liminated fi th . .
5 m.nnat PO e The organism directly
, > organism’s body react in a biomi 1
Biominerals succession with the proguces blominera s Biominerals
: . internally through its
components dissolved in
the surrounding
environment, producing

Biominerals are produced as Biominerals become part of the
substances that co-exist with the organism’s body (hard tissues)
organism The organism utilizes the

Biominerals that are produced in microbial
Bones, teeth, seashells, pearls, etc.
mats, including stromatolites, etc.
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