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Mushrooms that appear from early to

late spring

The scarlet waxcap (Hygrocybe coccinea) is known
as a mushroom that heralds the arrival of spring,
growing at the base of nezasa bamboo plants in the
blackened soil after a controlled brush burn.
Ciborinia camelliae grows at the base of camelia
trees, and curiously shaped black morels (Morchella
conica) can be seen at family vacation village
campgrounds. A type of Cordyceps fungus called
Ophiocordyceps can be found growing on moss,
while the scaly sawgill (Neolentinus lepideus) can be
seen on fallen pine trees.
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Mushrooms that appear from early to
late summer

Many different mushrooms can be seen in the
summer at family campgrounds. A colorful array of
mushrooms awaits right after the rain in particular.
Mushrooms that appear during this time of year
include Caesar’ s mushroom (Amanita
caesareoides) with its appealing bright coloration;
Rugiboletus extremiorientalis, whose cap is over 20
cm in diameter; and the summer porcini (Boletus
reticulatus), which has the same delicious flavor as
the Italian porcinil.
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Fall mushrooms

Fall is known as mushroom season in Japan, because
it’ s the time of year when delicious edible
mushrooms such as the matsutake appear.
Unfortunately, there are no matsutake to be found
on Akiyoshidai, a limestone plateau, but
mushrooms you can find include the delicious
clustered domecap (Lyophyllum decastes) as well as
the weeping milk cap (Lactarius volemus), which is a
wildly popular edible mushroom in Tochigi
Prefecture. Other mushrooms that are fun to spot
are the bleeding fairy helmet (Mycena haematopus)
and the stinky squid (Pseudocolus fusiformis).
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Winter mushrooms

In winter, the wild enoki (Flammulina velutipes) and
shiitake (Lentinula edodes), edible mushrooms
prized for their superb flavor, can sometimes be
found growing on felled or stacked wood.
Cultivated enoki mushrooms are pure white, but the
cap color of this mushroom in the wild is usually a
yellowish-brown. The nameko mushroom
(Oudemansiella mucida) often grows on standing
dead trees, and it is edible as well.
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The mushrooms of Akiyoshidai

Mushrooms are organisms that belong to the kingdom
of fungi.

Akiyoshidai is a partially forested grassland on a
limestone plateau, and distinctive mushroom varieties
can be found there. In recent years, 406 species of

~~~~~~~~~~ 2 mushroom have been observed at Akiyoshidai. They

include the scarlet waxcap (Hygrocybe coccinea),
which has a special status among mushrooms in
Yamaguchi Prefecture, and the summer truffle (Tuber
aestivum), which is a species of truffle. In this exhibit,
the mushrooms of Akiyoshidai are categorized by
season.

Note: This information comes from the records of the
Yamaguchi Mushroom Club between 2006 and 2024.
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Hygrocybe coccinea Tuber aestivum
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Hygrocybe coccinea Ciborinia camelliae Morchella conica
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Lyophyllum decastes Lactarius volemus Mycena haematopus
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Pseudocolus schellenbergiae
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Cordyceps heteropoda Neolentinus sp. Txas Dy XYY INRG
lammulina velutipes Lentinula edodes Mucidula mucida
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Amanita satotamagotake Rugiboletus rxtremiorientalis Boletus reticulatus
NZATF vOF=#4
Heimioporus japonicus Amanita virgineoides
547k ES %) SCALE
AR BEAR MEBIIZ2—I7LINRIVAZEDD) SCALE1:5



012375
テキストボックス



012375
テキストボックス




WS/ RV A WA50XH450

HESHEDERNGEEDFA

1960FHTAETOEETIE. EEFFDERICL,
BELLIOHRIBIELTREZATEE LI, TG
HTRESIE, FREECEZHELDICEL. 20D
FEREALGTILET, BETHIBELGIEORRICE
ERALTEZLL,
BERFEEEROMEPEELLTLEDN. AL
BEROBHEHICESLTEL L

Traditional uses of the grasses of the
Akiyoshidai region

Until around the 1960s in Japan, grass was used as feed
for cattle and horses, and it was also composted
together with manure to assist in agriculture. In the
Akiyoshidai region, grass was also used as mulch for
vegetable cultivation and could also be mixed directly
into the acidic, clay-rich soil to improve its characteristics.
Grass could also be used as thatching for roofs or as
medicinal herbs. These grasslands were a natural
resource that benefited the people that grew up in
proximity to them.
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Yamayaki: Preserving the Grasslands

The Akiyoshidai grasslands are semi-natural,
maintained through controlled burning called
Yamayaki. Without it, the area would eventually
turn into forest. While the current system of
collective burning began in 1925, Yamayaki has
been practiced for centuries. Today, however, the
labor-intensive task of creating firebreaks (clearing
vegetation to prevent fire spread) faces challenges
due to an aging population and labor shortages.
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Conservation Efforts

In recent years, increased activities like walking and
trail running have led to vegetation decline and soil
exposure along trails. To combat this, volunteers
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The Grassland Landscape of Akiyoshidai
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work to restore these paths by planting sod.
Additionally, in areas where tall grass has stifled
wildflowers, early summer mowing is conducted to
regenerate a vibrant, flower-rich environment.
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Transition of the Grassland Landscape
on the Akiyoshidai Karst Plateau (Higashidai)
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The grassland of Akiyoshidai

The grassland of Akiyoshidai is a semi-natural
grassland maintained through human activity, such as
controlled brush burns and hay harvesting, which have
a history spanning over 300 years. The use of grasses to
support human livelihoods has declined, and the
grassland has shrunk to about 30 percent of its size 120
years ago. By protecting this grassland, which is home
to many endangered species, we preserve these
ecosystems, landscapes, and cultures for the benefit of
future generations.
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Cutting the grass in the grassland

BIREMIRICTCEABTWSTs, KEDBH TANS ETABSNET,
BidHh RETEMLOEEREST. APEENZOHN—BHTLI. 5T
—BORRIFELOBEN STHAIFIALTVET,

Due to the numerous limestone outcroppings at the surface, the areas where
large machinery can be used to cut grass are limited. In general, this task
must be handled manually. In the olden days, it was done with sickles;
nowadays, with brush cutters. Even today, some farmers cut the grass on the
plateau and use it for their fields.
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Using grass as feed for farm animals
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Cows love nezasa bamboo. Although most of the grass harvested from the
Akiyoshidai grassland was dried and stored for winter feed, some of it was
fed to animals fresh after being cut. Nezasa bamboo is good for animal feed,
asitis high in protein.

FROBELDIHIBETNSE
Using grass as mulch for vegetable farming
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Laying grass as mulch at the base of eddo plants prevents the tubers from
drying or being scorched by the sun in addition to inhibiting weeds. After
harvest, it is plowed directly into the field, improving soil quality and serving
as fertilizer. Grass that is cut in fall and winter can be stored and used as
mulch for watermelons the following summer.
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The use of senburi as a medicinal herb
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In the past, each household would harvest, dry, and store an herb called
senburi. An infusion could then be drunk as a stomach remedy. Senburi is
now designated as a protected plant within Akiyoshidai Quasi-National Park,
and gathering it is prohibited.
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Starting the fire
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Firebreaks
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Trail Maintenance

HERBEDENY
Mowing for Grassland Restoration
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Flowers in Spring

After the Yamayaki (controlled burning), the
sun-warmed earth brings Leibnitzia anandria and
Pasqueflowers into early bloom. By April, a colorful
array of tiny flowers like Golden star grass and
Lithospermum zollingeri appear at your feet—be
sure to look closely. As the pale pink Valerian
blooms, the grasslands are soon covered in vibrant
green.
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Flowers in Autumn

Autumn is the peak season for flowers. Yellow,
white, pink, and purple blossoms compete in
bloom, weaving a rich tapestry. The "Seven Autumn
Herbs," including the Balloon Flower, are all native
here, alongside the unique Akiyoshi Thistle. At dusk,
the vast fields of silver grass turn from shimmering
silver to gold, captivating every visitor.
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Flowers in Summer

In summer, the breeze makes the endless greenery
shimmer. Early summer features the elegant
Murasaki and chocolate-colored Vincetoxicum
atratum, while the moth-pollinated Suzusaiko
opens only at night. In the midsummer heat, the
orange Leopard Lily stands out vividly, and tiny
Hinano-kinchaku bloom quietly along the trails.
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Flowers in Late Autumn

As autumn deepens, Japanese Asters begin to
bloom. The Grass of Parnassus features beautiful
white petals, while the vivid blue Gentian remains a
favorite. Swertia japonica, once a common stomach
medicine, also appears. The year ends with the
Japanese Onion, as the withered plains quietly
await the return of spring and the next Yamayaki.
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Plants of the Akiyoshidai
Grasslands

In the grasslands of Akiyoshidai, approximately 600
diverse plant species thrive in harmony with the local
environment. About 10% of these are classified as
endangered. Having been maintained for at least 300
years, these grasslands remain a sanctuary for many
flowers that were once common across Japan.
Furthermore, the unique microenvironments created
by the karst plateau support this rich botanical
diversity.
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Small Groves in the Grasslands

Most tree saplings in the grasslands are cleared by the
annual Yamayaki fires. However, some survive—such
as seeds dropped by birds into limestone crevices or
fire-resistant species like the Sawtooth Oak—
eventually forming small groves. Those containing
trees common to the surrounding mountains are
known as "bushes," where Japanese Camellia and
Machilus thunbergii are frequently found.
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Invasion of Alien Species

Alien species tend to establish themselves in areas
where the land or soil has been disturbed. Currently,
approximately 30% of the plants in Akiyoshidai's
grasslands, forests, and villages are non-native.
Many of these are found along roads, in parking
lots, or on abandoned farmland, having been
introduced via seeds stuck to shoes and tires, or
mixed into livestock feed.
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| This member of the Cyperaceae (sedge) family grows in close proximity to
the limestone rocks within the grassland. It appears to depend on an
| ! environment strongly influenced by the limestone, as its population
decreases the further it is from the rocks. Some reports indicate that its
distribution is concentrated within a radius of approximately 50 cm from the
limestone. It typically blooms around May.

THRRY
Carex poculisquama
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Leibnitzia anandria Pulsatilla cernua

AFVNAHY
Hypoxis aurea Lour.

ahYavy REIVAXZ
Ixeris chinensis subsp.strigosa Lithospermum zollingeri
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Valeriana fauriei
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Lithospermum murasaki Vincetoxicum atratum

ARHA3
Vincetoxicum pycnostelma

a4z=1aY EF/EFFvY
Lilium leichtlinii f. pseudotigrinum Heterosamara tatarinowii
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Platycodon grandiflorus
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THFRIAVTHI TIYIFY
Cirsium dipsacolepis var. calcicola Aster scaber

EXedza
Saussurea pulchella

LZYFerTY
Swertia pseudochinensis
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Gentiana scabra var. buergeri
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w7y YRZvFay
Swertia japonica Allium thunbergii

TRANFYY
Parnassia palustris var. palustris

YI/FY
Aster hispidus var. hispidus
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Scattered Sawtooth Oaks
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Sawtooth and Jolcham oaks have thick bark that resists the heat of Yamayaki
(controlled burning). Once they grow taller than the flames, they continue to
mature, dotting the landscape. Some were originally planted in former
doline fields to be used as logs for shiitake mushroom cultivation.
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Bushes of Jigokudai
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Camellia japonica
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Machilus thunbergii
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Solidago altissima
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Canada Goldenrod prefers nutrient-rich, low-acidity soil. Since the soil of the
Akiyoshidai grasslands is nutrient-poor and highly acidic, this species cannot
easily invade the natural plains. Instead, its distribution is limited to former
farmlands and pastures where the soil conditions have been altered.
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Rudbeckia hirta
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Introduced to Japan for decoration during the Taisho era (1912-1926), this
species has since naturalized nationwide. At Akiyoshidai, it is commonly
found in disturbed areas such as along the Karst Road and around the
Chojagamori parking lot.
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Andropogon virginicus
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Broomsedge Bluestem has invaded parking lots, forest roads, and parts of
the grasslands. Because it tolerates nutrient-poor and acidic soils, there is a
risk it may spread further into the protected grasslands. Concerns are also
growing regarding its potential to hybridize with native grass species.
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Ancient coral ree

Fossils of ancient sea creatures, including coral,
fusulinids, and crinoids, are often found at
Akiyoshidai. These were organisms that inhabited
shallow seas where the sunlight could penetrate,
and they possessed calcareous shells or skeletons.
Coral reefs grew and formed layers on the summit of
a volcano that erupted from the sea floor and rose
to the water’ s surface. This process continued for
some 80 million years, causing the limestone of
Akiyoshidai to be nearly 1,000 meters thick.
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Plate tectonics

There are over a dozen plates that slowly move
along the surface of the earth. When plates moving
in opposing directions collide, the heavier one
subducts beneath the lighter one. Here, coral reefs
that had been attached to a heavy oceanic plate was
subducted beneath a lighter continental plate.
When this happened, the coral reefs became part of
the continental plate and were transformed into the
limestone of Akiyoshidai.
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Plate tectonics

There are over a dozen plates that slowly move
along the surface of the earth. When plates moving
in opposing directions collide, the heavier one
subducts beneath the lighter one. Here, coral reefs
that had been attached to a heavy oceanic plate was
subducted beneath a lighter continental plate.
When this happened, the coral reefs became part of
the continental plate and were transformed into the
limestone of Akiyoshidai.
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n accretionary prism is an accumulation of rock
formed when a heavy oceanic plate subducts
beneath a lighter continental plate, and sediments
such as sand and mud, along with seamounts riding
on the oceanic plate, are scraped off and added to
the edge of the continent. Much of the Japanese
archipelago consists of accretionary prisms.
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How Akiyoshidai was formed

Akiyoshidai originated from coral reefs that formed in
warm seas eons ago. Approximately 340 million years
ago, coral reefs grew on top of a volcano near the
equator. These reefs eventually hardened into
limestone nearly 1,000 meters thick. Later,
approximately 260 million years ago, that limestone
became a part of the continental plate near a marine

trench. The limestone was subsequently uplifted to the

surface, becoming what is now Akiyoshidai.
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Stratigraphic inversion

Akiyoshidai’ s limestone originated from coral
reefs. Coral reefs form layers as they grow, so the
newer layers are typically higher than the older
layers. However, in 1923, Dr. Yoshiaki Ozawa
discovered that Akiyoshidai’ s upper layers were
older, and the lower layers were more recent. This
“inverted structure” was explained through
research on the evolutionary process of fusilinid
fossils.
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Limestone corrosion

Karst topography is the result of the corrosion of
rock that is readily soluble in water, such as
limestone, salt, and gypsum. This corrosion activity
is a process that combines chemical dissolution, in
which rock is dissolved through a chemical reaction,
and physical erosion, in which the rock is eroded
away by flowing water. Calcium carbonate, the main
component of limestone, dissolves easily in acidic
water, which is why Akiyoshidai is dominated by
karst topography.
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Typical karst topography

Countless fissures have formed throughout the
limestone of Akiyoshidai, creating channels for
water that result in the formation of subsurface
caves. On the surface, dolines and sinkholes form
from water ingress in locations with numerous
fissures, while in areas with fewer fissures, the loss
of soil exposes the bedrock, creating karrenfeld
terrain. Karst springs are where the underground
water flowing through the caves emerges among
the foothills.
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Karst topography

Akiyoshidai is one of the largest karst regions in Japan,
covering about 100 square kilometers. Throughout
that area, one can see a landscape consisting of karst
topography formed by the dissolving of limestone in
water. This dissolution occurs along fissures in the rock
to cause the development of caves, and water is
sucked underground, causing rivers to vanish from the
surface. The plateau is covered with dolines and

karrenfeld terrain, while sinkholes, ponors, and karst

springs can be found in the foothills.

HIVA MBR
Karst spring
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Solutional morphology

The shape of the space left behind when limestone
dissolves in water is referred to as “solutional
morphology.” There is significant variation in
solutional morphology, depending on whether a
cave is submerged underwater, near the water
table, in the open air, or buried by sediment. By
examining a cave’ s solutional morphology, we can
understand the environmental conditions under
which that cave formed.
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Speleothems

Water dissolves limestone, but its ability to dissolve
is not unlimited. Speleothems are formed by the
solidification of calcium carbonate that cannot be
completely dissolved in water. Limestone before its
dissolution is comprised of the same primary
substance—calcium carbonate—as the
speleothems that form after solidification.
Speleothems vary greatly in shape depending on
whether they form on the ceiling, on the floor, on
walls, or on sloped surfaces.
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How caves are formed

Caves are subterranean spaces large enough for a
human being to enter, and they grow through the

dissolution of limestone by water along fissures. At

7
=3

(24

iy S Ei

R
1%

(

o P
Akiyoshidai, rock has dissolved away along countless
; i KT TEHEAE BRIETEBELE ) T
Amirs cARO= D558 B fissures throughout the limestone, resulting in
Speleothems that form on the ceiling Speleothems that form on the floor
S lacti « Stal i . .
0da straws and stalactites talagmites multi-level underwater limestone caves[A1.1]. When
Bk SO 2 i = uplift causes a cave to reach the open air, streams of
a el = HD = A =
2 s 2 = water inside the cave will erode away the walls and
& = g X deposit sediment on the floor. Ceiling collapses can
also result in the formation of spacious chambers.
0 ged 0 d o) d a o) P
od g 00 e P P PNOto
e 0 0 0 dissolved Bl TEHHAR NEcTEBELE
orizontally at the height of the wate o S h—F - TO=Z b= ULRR—
Speleothems that form on walls Speleothems that form on sloped surfaces
€Xposedtotnea aterfio g along the walls and 1100 - Curtains « Flowstone, rimstone
a 0O P Oo1l0
0) d d o) go opo d
0] g (photo 4

E
O
Jm
m
3
20
:
%
b

E3 22 SCALE
MEBIIZa—I 7L NABAZ/ NIV SCALE 1:5



012375
テキストボックス



012375
テキストボックス




HREWE  7FIATVELY
Troglobite: Pseudachorutes akiyoshiensis
(a species of springtail))
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Troglobites, troglophiles, and trogloxenes

Troglobites: These are species that can only survive in
caves. They are characterized by a lack of eyesight, a thin,
transparent integument, and elongated antennae and
legs. Many of them are endemic.

Troglophiles: These are species that dwell both in caves
and on the surface. Many of them are colorful and possess
eyes.

Trogloxenes: These are species that travel between caves
and the outside world. Bats are the most typical example,
as they restin caves during the day and emerge at night to
forage. They cannot survive solely in caves.
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¥ Troglobites that inhabit the caves of Akiyoshidai

Trechiama akiyoshensis: In caves without light, this beetle’ s lack of eyes is
not a survival disadvantage; on the contrary, it is an advantage because it
allows the creature to conserve energy.

HELORBICELT SRR LEHN
RITFFAILY  REPRANRCEELTV S, BHRYICESEVRE
TS THITT T LB EEITS,

Troglobites that inhabit the caves of Akiyoshidai

Giant bristletails from the family Campodeoidea: These arthropods have
developed elongated antennae and cerci. In caves where eyesight cannot be
relied upon, the sense of touch is extremely important for making decisions.

WIEE A /XRVEE  WI180XH150

HREEES  ThOAEYRT
Troglophile: Epanerchodus etoi
(a species of millipede)
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Cave ecosystems

Plants cannot grow inside caves where sunlight
does not reach. As a result, the environment inside
caves is extremely poor in nutrient sources.
Cave-dwelling animals feed on decaying wood and
animal carcasses brought in by rivers, as well as the
droppings left by bats that travel between caves
and the outside world. Though bat droppings may
seem dirty from a human perspective, they are a
valuable source of nutrition for cave-dwelling
animals. Cave ecosystems are connected to the
surface world through flowing water and bats.

HEEORRICERT 2 AN
THYHAYSIAATE GRHBEHTRATVS, AERTRENMaN S5%
FHREH G, FERITEB,

Troglobites that inhabit the caves of Akiyoshidai

Pseudocrangonyx akatsukai: The internal structure of this amphipod’ s body
is clearly visible. Inside the cave, it has no need to protect itself against
ultraviolet radiation, so its cuticle is extremely thin and transparent

BHEREE  F VA>3V EY
Trogloxene: Greater horseshoe bat
(Rhinolophus ferrumequinum)
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Creatures that have adapted to
cave environments

Inside caves, there is total darkness, nearly 100 percent
humidity, and a temperature that hardly changes
throughout the year. Even this unique environment is
the habitat of numerous creatures, including
arthropods, shellfish, and bats. True cave-dwelling
animals (troglobites) that spend their entire lives in
caves in particular have evolved traits that include

reduced eyes, extremely thin integument, and
elongated antennae, cerci, and legs.
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Fusulinids

Fusulinids are a group of single-celled protists in a group
known as Foraminifera (“hole bearers” ). As single-celled
organisms, they are similar to amoebas and paramecia.
They appeared during the Carboniferous period of the
Paleozoic era (350 million years ago) and went extinct by
the end of the Permian period (250 million years ago).
Early fusulinids had a small, disc-shaped shell 0.3 mm in
diameter, but over the course of their evolution, they
increased in size, with some exceeding 1 cmin length.
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Nautiluses (Bactritida)

Nautiluses belong to cephalopod class within the
mollusk phylum. They are the ancestors of
ammonites as well as modern squid and octopuses.
They first appeared during the Ordovician period of
the Paleozoic era (480 million years ago). Early
nautiluses known as Orthoceras possessed straight,
uncoiled shells with a sharply conical shape.
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Ammonites

Numerous ammonite fossils were discovered on the
surface of the limestone at a hill called Maruyama
[A1.1]in the 1980s when topsoil was removed in
order to quarry limestone for cement production.
More than 30 species of ammonites were identified
there, and over half were described as new species.
The occurrence of ammonite fossils is uneven, as
denser concentrations are found in rocks deposited
under specific environmental conditions.
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Gastropods

Although conch shells, turban shells, abalones, and
snails are groups that can be commonly seen today,
they have a long history going back to the Cambrian
period of the Paleozoic era (540 million years ago).
Gastropods have a flat foot attached to their belly
that they use to creep along the ground. The
fossilized gastropods found at Akiyoshidai belong
mostly to extinct groups.
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Fossils found in the limestone
of Akiyoshidai

TAkiyoshidai was a coral reef that underwent
continuous growth from the Middle Carboniferous
period[A1.1] of the Paleozoic era (350 million years ago)
to the Late Permian period[A2.1] (250 million years
ago). It contains the fossils of fusulinids, ammonites,
nautiluses, gastropods, bivalves, brachiopods,
stromatolites, calcareous algae, trilobites, crinoids,
rugose coral, and bryozoans.
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Fusulinids

Bivalves—a group that includes modern-day clams,
oysters, and scallops, and are almost as familiar to us as
gastropods—first appeared approximately 100 million
years after the gastropods, during the Ordovician period
of the Paleozoic era (480 million years ago). Bivalves were
rare during the Paleozoic era, but they became
increasingly diverse starting in the Triassic period of the
Mesozoic era. Only a very small number of species have
been found at Akiyoshidai, including species closely
related to Japanese baking scallops and Pteria brevialata
(aspecies of wing oysters).
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Trilobites

An independent class, Trilobita, has been established
within the phylum Arthropoda, which includes
shrimp, crabs, and insects. Trilobites first appeared
during the Cambrian period of the Paleozoic era (540
million years ago). During the first half of the
Paleozoic era, they diversified into a large number of
species and reached a large population level.
However, their numbers declined somewhat during
the Carboniferous and Permian periods, and they
went extinct at the end of the Permian period.
Trilobites are only rarely found at Akiyoshidai.
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collected at a beach in Igami, Nagato

Brachiopods

Brachiopods are often mistaken for bivalves
because of their double shell, but they belong to a
completely different phylum—Brachiopoda—and
they possess two shells: a dorsal shell and a ventral
shell. While bivalves are more prevalent today,
brachiopods seem to have been more plentiful
during the Paleozoic era.
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Crinoids

Crinoids are members of the class Crinoidea within
the phylum Echinodermata. They are closely related
to sea urchins, starfish, and sea cucumbers. They first
appeared during the Ordovician period of the
Paleozoic era (450 million years ago). Most went
extinct during the mass extinction at the end of the
Permian, and only a few species survive today. The
crinoid fossils found in the limestone at Akiyoshidai
consist of scattered skeletal fragments. Pieces of
calyx have also been found, but they are rare.

Coptothyris grayi, a modern species of brachiopod,
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Stromatolites

Stromatolites appeared two billion years ago,
during the Proterozoic era (Precambrian age).
Stromatolites have been confirmed to still exist in
Shark Bay, Australia. Stromatolites are created by
photosynthetic cyanobacteria (blue-green algae)
that reproduce on the surface of the seabed,
forming microbial mats. They incorporate
sedimentary sand and silt into their structure,
resulting in mound-like formations. Stromatolite
fossils are commonly found at Akiyoshidai.
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Rugose corals (Rugosa)

Rugose corals, also known as horn corals, are
members of phylum Cnidaria, which includes sea
anemones and jellyfish. These corals are older than
modern corals, appearing during the Ordovician
period of the Paleozoic era (450 million years ago)
and going extinct at the end of the Permian period of
the Paleozoic era (250 million years ago). Specimens
found in the Akiyoshidai limestone include both
colonial corals and solitary corals with skeletons
shaped like ox horns.
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Calcareous algae

The appearance of prokaryotes on earth was
followed by the emergence of eukaryotes, which
possess a nucleus in which the DNA is stored. These
eukaryotes include algae, which appeared at least
as early as the Cambrian period of the Paleozoic era
(540 million years ago). Calcareous algae are algae
that possess a calcareous skeleton. Calcareous algae
were important reef-building organisms, and their
fossils are found in large amounts at Akiyoshidai.
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Bryozoans

Despite being an independent phylum with thousands
of species, the bryozoans are not well known. The
individual organisms are small—just 1 mm or so in
size, and they live in colonies. Each zooid has small
tentacles and an excretory hole outside the tentacles.
They first appeared during the Ordovician period of
the Paleozoic era (450 million years ago), and they still
exist today. They are an important reef-building
organism found in the Akiyoshidai limestone.
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A-1 Lepidolina multiseptata, an evolutionarily advanced species of
fusulinid

Scientific name: Lepidolina, multiseptata,shiraiwensis(Ozawa)

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Late Permian period, Paleozoic era (approx. 260 million years ago)
This fusulinid species had a strongly inflated fusiform shell roughly 7 mm in
length. Instead of having folded septa, its shell has a distinct internal structure
with spiral and axial septula that intersect in a lattice pattern. It is the most
evolutionarily advanced fusulinid found at Akiyoshidai, and the youngest fossil
produced from Akiyoshidai limestone.
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A-2 Parafusulina kaerimizuensis, an elongated fusulinid

Scientific name: Parafusulina,kaerimizensis(Ozawa)

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Permian period, Paleozoic era (approx. 270 million years ago)

This fusulinid had elongated shells that grew to a length of nearly 1 cm. When
this species was described for the first time, its type locality was specified as the
Kaerimizu doline at Akiyoshidai, and the place name “Kaerimizu” was
incorporated into its scientific name. Its shell has strongly folded septa, and the
central coiling axis of the shell is filled with calcified material.
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A-3 Pseudofusulina vulgaris, a large, evolutionarily advanced
fusulinid

Scientific name: Pseudofusulina,vulgaris(Schellwien)
Where found: Isa, Mine, Yamaguchi Prefecture
Time period: Early Permian period, Paleozoic era (approx. 280 million years ago)

This fusulinid species had a strongly inflated fusiform shell roughly 5 mm in
length. It was somewhat more evolutionarily advanced than smaller species
from earlier time periods. Its septal wall was strongly folded over its entire
length, and the shell’s cross-section shows a zigzag pattern. The marble sold
under the brand name Gimpa in the Akiyoshidai area contains a large number of
fusulinid fossils, most of which belong to the genus Pseudofusulina.
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B-1 Two ammonite fossils jutting out from the weathered
limestone surface

Scientific name: Pseudoparalegoceras ,compressum (Hyatt)

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara

The majority of ammonite fossils found in the limestone of the Isa area belong

to species of genus Pseudoparalegoceras. They have a smooth-surfaced shell

with a medium-sized umbilicus. Large specimens can grow up to 20 cm in

diameter.
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B-2 An ammonite with a flat shell and small umbilicus

Scientific name: Pseudoparalegoceras ,compressum (Hyatt)

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-3 An ammonite with a flat shell and small umbilicus

Scientific name: Gastrioceras,matsumotoi

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-4 An ammonite with a flat shell and small umbilicus

Scientific name: Pseudoparalegoceras,compressum

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-5 An ammonite with slightly curved ribs on its surface and a
small umbilicus

Scientific name:Fagingoceras,ruzhencevi

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-6 A fragment of an ammonite with curved ribs on its flat surface

Scientificname:

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-3 An ammonite with a smooth surface and closed umbilicus

Scientific name: Proshumardites,morrowanus

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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B-8 A Cretaceous ammonite from Hokkaido (fossil label [A#3)

Scientific name: Gaudryceras,tenuiliratum

Where found: Hidaka Mountain, Hokkaido Prefecture

Time period: Santonian age, Cretaceous period, Mesozoic era (approx. 90
million years ago)

This is a fossil of a common ammonite species that occurs in large numbers in

the Yezo Group, which is distributed throughout the Hidaka Mountains of

Hokkaido.
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D-1 A gastropod closely related to modern slit snails

Scientific name: Mourlonia,hayasakai(Shikama and Nishida)

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara

Mourlonia has a deep slit at its shell opening. It is considered to be the ancestor

of modern slit snails.
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D-2 A gastropods whose shell has a finely etched pattern

Scientificname: Luciellina sp.

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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D-3 A gastropod belonging to the Bellerophontidae family
(unidentified)

Scientific name: Bellerophonidae gen. et sp. indet.

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara

This group possess flat, coiled shells and is often mistaken for ammonites or

similar fossils. According to some theories, these don’ t actually belong to the

gastropod class.
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E-1 A bivalve closely related to Japanese baking scallops

Scientific name: Aviculopecten

Where found: Isa, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara
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F-1 Cleiothyridina brachiopods, which occur in large amounts in
quail marble

Scientific name: Cleiothyridina royssii

Where found: Yowaradai, Shuho-cho, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Takayoshi Fukudomi

This brachiopod species has a shell that is broadly elliptical in shape, and whose

surface is decorated with lamellar growth lines. Many of the brachiopod shells

found in quail limestone belong to this species.
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F-2 Brachiopod belonging to the Rhynchonellidae family

Scientific name: Rhynchonellidae gen. et sp. indet.

Where found: Isa, Isa-cho, Mine, Yamaguchi Prefecture

Time period: Middle Carboniferous period, Paleozoic era (approx. 320 million
years ago)

Collector: Masanori Nohara

The hinge of the two shells creates a zigzag pattern. When closed, this

brachiopod is nearly spherical in shape.
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Why are animal fossils found in caves?

For the most part, the animal bones found in the caves
of Akiyoshidai are from animals that fell down vertical
shafts and died, though they also include animals that
strayed into the caves or lived inside them. Bones from
animals that fell to the bottom of shafts are sometimes
found mixed with older fossilized bones. Limestone
caves are alkaline, which makes it less likely for the
bones to dissolve and allows ancient fossils to be
preserved for long periods of time.
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The repeating ice ages and warm periods
of the Quaternary world

The oldest fossils found in the limestone caves of
Akiyoshidai date back to the Late Pleistocene epoch
(approximately 100,000 years ago), based on when
those animals went extinct. During glacial periods,
the region would become subarctic, and the lower
sea levels [A1.1]would cause a land bridge to form
connecting Japan to the continent. This made it
possible for large mammals and humans to migrate
across to Japan. Climate change is also thought to
have involved changes to the vegetation, which
affected the living environment of animals.
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Elephant fossils found at Akiyoshidai

Multiple elephant fossils have been reported in the
caves of Akiyoshidai. Most of them have been
identified as Naumann's elephant, named after
Heinrich Edmund Naumann in the 1860s. Its molars
had a distinctive structure known as “loxodont
plica.” * However, some fossils also lacked this
loxodont plica, suggesting that they might be from
an elephant more similar to Mammuthus
protomammonteus or Asian elephants. Further
study is required.

w ) FYIRVV YD LEAEO—HBOLE
“-ﬁ - B g LAYV RY FU%=
- E M EHIGSETRIR—AZ DR
. R B % SRS B it
Teom
A fossil fragment of an upper molar of
(iEatla® Naumann's elephant

Scientific name: Palaeoloxodon naumanni
Where found: Beppu Ipponsugi Cave,
Shuho-cho, Mine, Yamaguchi
Prefecture
Time period: Late Pleistocene epoch, the
Quaternary period
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Elephant molars don’ t have the complex shape of human molars. Instead, they
consist of multiple thin plates of enamel (occlusal plates) arranged side-by-side
and cemented together. The cross-section of these occlusal plates gradually
wears down from chewing, exposing the occlusal surface. Loxodont plica
describes the characteristic patterns that form on those worn surfaces (occlusal
plates).
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Vertebrate fossils found
in the caves of Akiyoshid

Bones and fossils of vertebrates from new eras are
sometimes discovered in the caves of Akiyoshidai.
While the bones of species that currently inhabit
Akiyoshidai, such as deer and wild boar, are abundant,
bones from species that don't inhabit the area, such as
lynxes, wolves, and otters, are also found. Additionally,

fossils of extinct species, such as Naumann's elephant

and Sinomegaceros yabei, are sometimes found.
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What is Sinomegaceros yabei?

Sinomegaceros yabei is a giant deer that inhabited
Japan during the Late Pleistocene epoch of the
Quaternary period of the Cenozoic era (300,000
years ago). Its fossils have been found at Akiyoshidai
and in Gunma Prefecture. It stood 1.8 meters high at
the shoulder and was 2.6 meters in length, which is
larger than the deer found in Japan today. It also
had antlers that spread out like palms.
Sinomegaceros yabei is believed to have gone
extinct during the early Jomon period (12,000 years
ago).
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Animal fossils of the Mine Group

The Hirabara Formation and Aso Formation, which
consist of marine strata, contain mainly bivalve
fossils, a small number of gastropod fossils, and
brachiopods. Numerous insect fossils have also
been found in the mudstone at a specific
stratigraphic level within the Momonoki Formation,
which consists of terrestrial strata. In 2010, fossils of
dicynodonts, a mammal-like reptile, were
discovered in the Momonoki Formation.
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The Mine Coalfield

The Omine Coalfield is a coal deposit found in the
Mine Group. It was one of Japan’ s largest coalfields,
with more than 50 coal seams each over 1 meter
thick covering an area of 70 square kilometers.
While most of the other coalfields in Japan consist of
bituminous coal from the Paleogene period of the
Cenozoic era, the Omine coal consists of anthracite,
which was even used to make briquettes for the
navy. The coalfield was in use from around 1885
until around 1992.
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Plant fossils of the Mine Group

The Momonoki Formation, which consists of
terrestrial strata, sandwiches numerous limestone
and plant fossil strata. The fossils found in it include
spore-producing plants such as bryophytes, ferns,
and horsetails, as well as gymnosperms such as
ginkgo, cycads, and conifers. The lower and upper
strata of the Hirabara Formation and Aso Formation
also contain a few plant fossil strata as well as coal.
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The Suo Metamorphic Complex—Triassic
regional metamorphic rock

The Suo Metamorphic Complex is a wide-ranging
stretch of metamorphic rock with isotopic ages
roughly contemporaneous with the deposition of
the Mine Group. Structurally, it is located below the
Permian Complex of the Akiyoshi Belt. It is possible
that the movement of metamorphic rock was
responsible for causing the formation of the Mine
Group’ s sedimentary basin.
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Fossils found in the Mine Group
The Permian Complex, which includes Akiyoshidai
limestone, is an unconformity overlaid by the Mine
Group, an accumulation of sediment that dates to the

Late Triassic period of the Mesozoic era (230 million
years ago). It includes both shallow marine and
non-marine deposits consisting of sandstone,
mudstone, and conglomerate that sandwiches several
coal seams. The terrestrial strata contain plant fossils
such as ferns, horsetails, and cycads, while the marine
strata contain bivalves, gastropods, and brachiopods.
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3B-1 Fern Fossil

Scientific name: Cladophlebis sp,

Where found: Momonoki, Omine-cho, Mine

Time period: Late Triassic period, Mesozoic era (230 million years ago)
Collector: Masanori Nohara

This is the fern fossil most commonly found in the Mine Group. The taxonomic
identity of a fern cannot be determined without looking at the morphology of
the sporangium, but sporangia are often missing from fossils, so ferns are given
aname known as a morphological genus according to their leaf morphology. An
example is the genus Cladophlebis. More than 10 species of Cladophlebis ferns
are known from the Mine Group.
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Limestone deposited on the undersea
volcano (Akiyoshi limestone)

A basaltic volcano that erupted from the ocean floor
reached the water’ s surface. A coral reef formed on
top and increased in thickness over a long period of
time. Over the course of 100 million years, from 350
to 250 million years ago, the reef was 100 meters
thick. Itis divided into 21 fossil zones.
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Sandstone and mudstone deposited
around ocean trenches near land

Clastic rock accumulated near the land. Sand
flowing down from the land accumulated in marine
trenches, and suspended matter carried by rivers
accumulated on nearby slopes, forming black
mudstone. These depositions date to the end of the
Middle Permian period. They are slightly younger
than the uppermost limestone and chert, and a
large amount of sediment—several kilometers
thick—was deposited in a short period of time.
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and tuff deposited on the deep sea floor

Radiolaria, which are a type of plankton, and the
skeletons of benthic siliceous sponges were
deposited at the base of the undersea volcano and
in the deep waters of the open ocean, forming
chert. The deposition rate was slow, and it took over
100 million years to reach a depth of about 10
meters. Volcanic ash from volcanic islands nearby
also reached this area during the Middle Permian
period[A1.1], forming a layer of acidic tuff (several
meters thick) on top. Black mudstone was deposited
on top of that.
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How the Permian Complex was formed

The seafloor of the Pacific Ocean today is moving
toward the Japan Trench at a rate of about 10 cm per
year. The Akiyoshidai coral reefs are believed to
have moved in the same way toward Japan. It
appears that these three types of sediment mixed
together near the trench as the oceanic plate
subducted beneath the continental plate.
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The Permian Complex, which
surrounds the Akiyoshidai
limestone

The Permian Complex, which includes the Akiyoshidai
limestone, is comprised of three sedimentary deposits
in different locations. One is the limestone deposited
on top of an undersea volcano; the second is chert and
tuff deposited on the deep sea floor; and the third is
sandstone and mudstone deposited around ocean
trenches near land. These three types of sedimentary

rock mixed together in the trench to form a complex

(accretionary prism).
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Granodiorite intrusions in Akiyoshidai
limestone

Granodiorite intrusions occurred throughout
western Japan as a result of volcanic activity during
the Cretaceous period (approximately 100 million
years ago). It is a fairly ordinary granodiorite
composed of feldspar, quartz, small amounts of
biotite, and hornblende. This rock was a source of
metal ions for contact metasomatic ore deposits.
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Rock minerals found in copper deposits
(contact metasomatic ore deposits)

Portions of the crystalline limestone that came into
contact with granodiorite was replaced with veins
of material from contact metasomatic ore deposits.
This caused the formation of silicate materials, such
as garnet, hedenbergite, and wollastonite, as well as
metallic minerals, such as copper pyrite, iron pyrite,
and galenite. Copper mines have been built to
access the copper ore[A3.1]. There were also
subsequent alterations that caused the formation of
secondary minerals, such as malachite, chrysocolla,
and limonite.
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Crystalline limestone

The heat generated during the intrusion of
granodiorite caused limestone to recrystallize,
resulting in crystalline limestone around the
intrusions. Furthermore, brecciated crystalline
limestone has been formed throughout the
Akiyoshidai limestone[A2.1]—most likely due to
volcanic activity that was occurring at around the
same time.
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Granodiorite intrusions in
Akiyoshidai limestone

There are intrusions of granodiorite into the limestone
of the Ofuku area in the western portion of Akiyoshidai
and in the limestone of the Naganobori[Al.1] area in
the eastern portion of Akiyoshidai. These intrusions are
surrounded by crystalline limestone. Furthermore,
copper and iron deposits were formed when the
limestone came into contact with magma. The result
was the Yamato Mine in Ofuku and the Naganobori
Copper Mine in Naganobori.
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The red topsoil (terra rossa) of
Akiyoshidai

The topsoil near the surface is roughly black in color
due to the inclusion of organic material, but when
you go deeper, the average coloration is
reddish-brown. This topsoil contains less silicon
than normal but is plentiful in iron and aluminum. It
is similar to bauxite, which is a source of aluminum.
Volcanic ash layers are sometimes interspersed
within this soil.
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Iron nodules

While walking on the plateau, you might come

across chunks of stone that are dark brown in color
and spherical or oval in shape, a few centimeters in
diameter. These stones are very hard, being
composed of iron oxide (hematite). They are
believed to have formed when iron accumulated
inside the red soil. Further research is awaited.
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Weathered gravel layers

Akiyoshidai today has no rivers that flow onto the
plateau from outside it, so it is impossible for
non-limestone sand and gravel to be deposited
here. However, gravel layers are occasionally found
because in earlier times, there were rivers (and
caves) that flowed from outside onto the plateau,
forming what are known as weathered gravel layers
[A1.1]. These layers are a valuable resource when
considering the history of Akiyoshidai’ s
topographical formation.
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Sedimentary deposits found on
Akiyoshidai

The limestone of Akiyoshidai is covered with a topsoil
known as terra rossa that is unique to limestone
regions. It was once thought to be the residue left over
from the dissolution of limestone, but recent
discoveries show that it also contains large amounts of
other materials, such as aeolian deposits as well as
yellow sand blown over from the mainland and ash
from Japanese volcanoes. Weathered gravel and iron
nodules can also be found on the plateau.
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Shell-bearing mollusks that inhabit the
grasslands and surrounding woodlands

The Kyushu-shiro-maimai with its pale cream-colored
shell can be found on the leaves of Japanese pampas
grass and on the branches of shrubs in the
limestone-rich grasslands of the plateau. The
San’ in-maimai snail (Euhadra dixoni), which has
reddish-brown stripes along its white body, lives on
tree trunks in the forest. Large Tsukushi-maimai
snails (Euhadra herklotsi) can be found on fallen
leaves at your feet and on the undersides of fallen
trees. You may also see the Kawamoto-giseru snail
(Megalophaedusa kawamotoi), which is shaped like a
long, thin smoking pipe.
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Freshwater mollusk

The underground water of Akiyoshi Cave is cold,
remaining 14-15 degrees Celsius throughout the year.
That water flows out of the cave and through the
mountains, fields, and towns. Freshwater is the water
we drink, and it nourishes plants and crops. Mollusks
can also be found living in the flowing water of small
streams and irrigation channels. Freshwater snails
known as kawanina (Semisulcospira libertina) serve as
food for firefly larvae. A freshwater clam known as
mashijimi (Corbicula leana) is eaten as food.
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Shell-bearing mollusks that inhabit caves
(limestone caves)

The rain that falls at Akiyoshidai seeps into the
ground, slowly dissolving the limestone that makes
up the ground and creating limestone caves. The
inside of a cave is a dark world, but shell-bearing
mollusks live in such environments. In a world
where nothing is visible, snails with poorly
developed eyes can be found on cave walls and in
running water.
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Operculate snails

Terrestrial snails are related to mollusks that originally
inhabited the sea. Like marine snails, some terrestrial
snail varieties have a trapdoor-like structure called an
operculum. This structure is useful for protecting the
snail from predators and to keep it from drying out.
These snails can be seen among the fallen leaves in the
forest and around limestone in the grasslands.
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Shell-bearing mollusks found in
the karst grasslands, forests, and
limestone caves of AKkiyoshidai

The ground at Akiyoshidai is composed of limestone,
and many shellfish and snail varieties can be found
here, depending on the environment.
Benigoma-okatanishi (Georissa shikokuensis) is a
species of snail with a red shell that can be found on
the limestone surface in the grasslands of the plateau.
Another snail, the Kyushu-shiro-maimai (Aegista
eumenes), has a white shell and is found on plant
leaves. The Akiyoshi-mijintsubo snail (Akiyoshia uenoi)

is a freshwater snail that inhabits the rivers flowing

through underground caves.
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Micromollusks with tiny shells

There are believed to be approximately 880 species
of terrestrial shell-bearing mollusks in Japan. Some
species are large, with shells up to 5 cm in size, but
many are small with shells 1 cm or smaller in size.
Living in the grasslands and under the fallen leaves
in the forest of Akiyoshidai, there are tiny mollusks
(micromollusks) so small they can only be seen with
a magnifying glass.
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Snails with funny names

Mollusks are named in a variety of ways ranging from
the shape of their shell to the location where they live or
the name of their discoverer. Some of the snails from
Akiyoshidai have interesting names. For example, the
chikuyake-maimai snail (“hairy Chikuya snail” ), which
has fine hair-like bristles (periostracum) along the edge
ofits shell. The Takikawa-obeso-maimai snail (“big belly
button snail” ) has a large opening on the underside of
its shell that resembles a belly button. There is also the
kobeso-maimai snail (“small belly button snail” ), which
has a squished umbilicus hole.
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Georissa shikokuensis Moria nipponica
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Aegista eumenes Euhadra dixoni Euhadra herklotsi Megalophaedusa kawamotoi
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THFRIAVIVVYAR RITFIARFTHFIH
Akiyoshia uenoi Cavernacmella kuzuuensis

W180XH150

REZY YRYIVRHA

Cyclophorus herklotsi Spirostoma japonicum

Fa21UY20dAAC
Diplommatina tanegashimae kyushuensis

EP A C =2
Nakadaella micron

AYFEHA 2IZHA
Trochochlamys crenulata Sinoennea iwakawa

W/\EE F/SZVEE WI180XH150

IIVIREZY BENTAANYIAIA
Nakadaella micron Aegista aperta

ANYRAIA
Satsuma myomphala

TITEHA
Cyclotus campanulatus
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@ Georissa shikokuensis

This snail is a micromollusk with a shell that is about 2.5 mm high and red in
color. It is the size of a sesame seed and lives in groups on the surface of
limestone. It is found specifically in limestone areas. It can be found in the
woods and in the thickets around dolines in the Akiyoshidai area. Within
Yamaguchi Prefecture, this snail is found around limestone in the cities of Mine
and Hagi.
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@ Euhadra dixoni

This snail lives in the forests around Akiyoshidai and in the forests of
mountainous areas. Its shell is cone-shaped and roughly 30 mm in height. Some
individuals have entirely white shells, while others have black banding on a
white background. Itis an arboreal species that lives on tree leaves and trunks.
Although itis named after the San’ in region, which faces the Sea of Japan, it
can also be found on the opposite coast facing the Seto Inland Sea.
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(3 Euhadra herklotsi

This large snail of the Euhadra genus has a shell roughly 40 mm in diameter. It is
found on fallen leaves and tree trunks in the forests surrounding the plateau.
Individuals of this species have diverse coloration patterns, with some having
yellowish-brown or black banding. They are widely distributed on Kyushu, and
Yamaguchi is thought to be the easternmost limit of their distribution on
Honshu.
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@ Aegista eumenes

This snail has a small, low, cone-shaped shell with a diameter of about 14 mm
and a height of about 11 mm. Its shell is white in color with a pale brown tint at
the bottom. It can be found on limestone surfaces in grasslands as well as on the
leaves of shrubs and in forests. It prefers grasslands, and its distribution ranges
from western Yamaguchi to Hiraodai in Kyushu.
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Bryophytes associated with limestone

The bryophytes associated with limestone at
Akiyoshidai include the liverwort Porella
stephaniana and the mosses Seligeria austriaca,
Neckeromnion calcicola, Pinnatella makinoi,
Myurella sibirica, and Taxiphyllopsis iwatsukii.
Taxiphyllopsis iwatsukii in particular is on decline or
extinct in most of the country, but specimens have
been confirmed in Yamaguchi Prefecture, and its
population is on the upswing. Continuous
monitoring of this and[A1.1] other species will
probably be necessary going forward.
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Bryophytes found in arid regions of the
plateau

In 1968, a 6.2-km-long karst road was constructed at
Akiyoshidai, connecting the entrances of Akiyoshi Cave
and Taisho Cave. Tourists are attracted to limestone
formations along the road that resemble herds of sheep
in the grasslands. The plateau is dry with few ponds and
streams, and bryophytes with curled leaves and shiny
surfaces that have adapted to the arid climate can be
found. Typical species include Racomitrium barbuloides,
Didymodon vinealis, Hyophila propagulifera,
Ptycomitrium gardneri and Hypnum plumaeforme.
Liverworts, though few in number, can be found on the
limestone and at the bases of tree trunks.
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Bryophytes found in limestone caves and
dolines

Akiyoshidai is dotted with caves and dolines of
various sizes, including Akiyoshi Cave. In this type of
terrain, air of a constant temperature blows through
the crevices in the limestone walls throu?houtt e
year, and the high humidity levels enable a great
abundance and variety of bryophyte species. For
examﬁle, a temperate/subarctic moss called
Tetraphis pellucida can be found on cedar trees near
the entrance of Taisho Cave, while the humid soil of
the Nishiyama doline[A2.1] is home to Fissidens
bogoriensis and Syrrhopodon armatus, and the
tropical/subtropical Floribundaria floribunda grows
along the footpaths at Taisho Cave.
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The bryophytes of Akiyoshidai

Akiyoshidai is one of Japan’s most significant limestone
areas, and many researchers have conducted
geological and biological research there. Professor
Takayuki Shiomi (1979) reported on moss species that
were unique to limestone areas and species with a
north-south distribution. A wide variety of mosses can
be found at Akiyoshidai due to influence of its geology,
topography, and microclimate. Here, they will be

covered from three perspectives: affinity for limestone,

caves and dolines, and arid areas.
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Porella stephaniana Seligeria patula var. alpestris Neckeromnion calcicola

LA 3dy RYFIY
Myurella sibirica Neolentinus sp.
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Syrrhopodon armatus) Fissidens bogoriensis
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Special natural environments for bats
and organisms with reduced eyes

aeFrAIvEY BoRELfzas30TE
Miniopterus schreibersii Pseudocrangonyx
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The terrain after heavy rainfall

KERFRIDORS TR/ —IWTHRNESB7K Ry FHAR/ —IVEDDKDEE LItk T
Water returning to Inugamori Ponor near Taisho Cave Flooding around Inugamori Ponor

HTKBERLT 58 (R TR R
10mEL EIcET % BTLELBYVET,)
N R RIE Atemporary lake ing groundwater
& D;:l =1 /T_L\Ejﬂ.@ﬂ(b‘ﬂm LIetsF (A temporary lake with a depth of over 10 meters
Flooding around Akiyoshidai Eco Museum can form as the water returns.)
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The Akiyoshidai Groundwater
System, a registered Ramsar site

The Akiyoshidai Groundwater System, which has been
registered under the Ramsar Convention, includes
Akiyoshi Cave and numerous other caves, creating a
natural environment inhabited by bats and creatures
with reduced eyes. The groundwater system of
Akiyoshi Cave is a typical pass-through groundwater
system. Karst groundwater systems are characterized
by large fluctuations in the water level, and
groundwater can gush out of the ground at numerous

locations. As the water returns, temporary lakes

reaching depths of over 10 meters can form.
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Moles and Mice: Life in Underground
Tunnel Networks

Many species of moles and mice build extensive
underground tunnel networks, where they rest and
raise their young. These tunnels are shared among
different species. While the Large Japanese Mole,
Japanese Shrew-mole, and Dsinezumi Shrew use
them to hunt for earthworms and soil insects, the
Japanese Grass Vole uses the same pathways to find
plant rhizomes.
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Rearing Young in Dens: Foxes and
Badgers

After the annual Yamayaki (controlled burning),
various mammal traces become visible across the
Akiyoshidai plateau. You can find the dens of foxes,
raccoon dogs, and badgers on the slopes of
"dolines" (sinkholes). These dens are easily spotted
even from a distance, as the excavated soil and
stones form a terrace-like mound at the entrance. If
you are lucky, you might even catch a glimpse of
them raising their pups between April and May.
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The Harvest Mouse: Life in the Grasslands

The harvest mouse is the smallest rodent in Japan,
weighing less than 10 grams. It skillfully climbs grass
stalks, using its tail like a fifth limb to grip the
leaves. Between spring and autumn, it weaves
spherical nests from pampas grass and other
grasses to raise its young. While they primarily feed
on seeds, they also eat insects. Life is full of danger
for these tiny creatures, as their nests are often
targeted by predators such as foxes, weasels, and
snakes.
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The Japanese Giant Flying Squirrel
: A Forest Dweller

Natural forests flourish near the entrances of
Akiyoshido and Taishodo caves, connecting to the
surrounding mountains. These woods are home to
forest mammals, most notably the Japanese giant
flying squirrel. As nocturnal, tree-dwelling animals,
they rarely descend to the ground, instead gliding
gracefully through the night forest between trees.
They are herbivores that feed on leaves, buds,
flowers, and seeds, spending their daylight hours
resting inside tree hollows.
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Mammals of Akiyoshidai

Akiyoshidai consists of vast grasslands maintained by
controlled burning, surrounded by lush forests. The
grasslands are home to various small mammals, such
as moles and mice that build intricate tunnel networks
underground, and the harvest mouse, which weaves
its nest among silver grass leaves. Larger animals like
raccoon dogs, foxes, badgers, and sika deer move back
and forth between the forest and the open fields.
Meanwhile, the surrounding woods provide a habitat
for Japanese giant flying squirrels and forest-dwelling

mice.
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RV UYF TV
Lepus brachyurus Martes melampus
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ZRYIZXZ AEEY S
Mogera wogura Crocidura dsinezumi Alexandromys montebelli
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Micromys minutus Harvest mouse nest
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THFEYR ZRVYTFIR EFEs F—XIcHBEN IBEERDT T IR DIHDT V35
Vulpes vulpes Meles anakuma Nyctereutes procyonoides A burrow located in a doline Badger’ s dung pit after the mountain burning
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Petaurista leucogenys AHarvest Mouse Peeking from a Tree Hollow Feeding Signs of the Japanese Giant Flying Squirrel
7247k E A SCALE

WORERRER 5 MEBITOZ 21—V 7L 23mAEE/ RV SCALE 1:5



012375
テキストボックス



012375
テキストボックス






