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Environmental Forum in Lake Toya

Date: June 14 (Saturday), 2008. 13:00~17:00
Place: Toya Sogo Center (132 Toyako Town. Tel: 0142-82-5111)

Object

Lake Toya is a volcanic caldera lake that belongs to the Osaru River system. The southern
section of the lake has Mt. Usu that erupts at an interval of 23-50 years (the most recent eruption
was 2000). There are also several hot spring resorts located at the base of Mt. Usu, and the
eruption of Mt. Usu has a great impact on the people living in the vicinity of Lake Toya. Moreover,
during electricity development in 1939 water was diverted from the Osaru River to Lake Toya. A
sulfur mine is located upstream of the diversion tubes and as a result, strong acidic wastewater
with a pH of 1.7 flows into Lake Toya, and this resulted in a reduction in pH to 5.3 in 1970. Lake
Toya has been subject to both natural and human disturbance, and as a result, it presents an
important model system for lakes worldwide.

There are two sections in this forum, a symposium and a panel discussion. In the symposium, 8
specialists from various research fields studied Lake Toya and Mt. Usu will present their research
reports. In the panel discussion, 8 specialists as well as representatives from Toya Town, Hokkaido
Government, and Ministry of the Environment will discuss various environments (ecosystem,
water quality, soil, and volcano) and resources (lake water, underground mineral, food, and
energy) of Lake Toya and Mt. Usu in the past, present, and future. The contents of this forum will
be published in the format of a pamphlet, and will be announced through a web page.

Program

1. Symposium on Lake Toya Environment

1. Lake Toya and surrounding environments: Effects of natural and artificial disturbances.
Hiroshi Ueda (Field Science Center for Northern Biosphere, Hokkaido University)

2. Mt.Usu and human activities in the postglacial period
Yasushi Kosugi (Graduated School of Letters, Hokkaido University)

3. Thermal environment of Lake Toya under global warming
Shin-ichi Urano (Graduate School of Agriculture, Hokkaido University)

4. Physical and chemical properties of Lake Toya: Relation to the volcanic activity of Mt. Usu
Kazuhisa A. Chikita (Department of Natural History Sciences, Faculty of Science,
Hokkaido University)

5. Population dynamics of phyto- and zooplankton in Lake Toya
Takashi Denboh (Field Science Center for Northern Biosphere, Hokkaido University)

6. Population dynamics of sockeye salmon in Lake Toya
Takashi Matsuishi (Graduate School of Fisheries Sciences, Hokkaido University)

7. Vegetation changes on the volcano Mount Usu
Shiro Tsuyuzaki (Graduate School of Environmental Earth Science, Hokkaido University)

8. Population fluctuation of sika deer on Nakanoshima Island of Lake Toya
Koichi Kaji (Tokyo University of Agriculture and Technology, Institute of Symbiotic Science
and Technology)

2. Panel Discussion on Lake Toya Environment and Resources in the Past,
Present, and Future
Eight symposists
Mr. Keniji Ito (Toyako Town)
Mr. Yasuhiro Toyota (lburi Forestry Center, Hokkaido Government)
Mr. Shinichi Sakamoto (Hokkaido Office, Ministry of the Environment)
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Lake Toya and surrounding environments:
Effects of natural and artificial disturbances

Field Science Center for Northern Biosphere, Hokkaido University
Hiroshi Ueda

Lake Toya is a volcanic caldera lake that belongs to the Osaru River system, the lake covers an
area of 70.7 km® (Japan's 9t largest lake) and has a maximum depth of 179.7 m (Japan's 4t deepest
lake). The southern section of the lake has Mt. Usu that had nine volcanic eruptions since
recorded history and during the 20th century erupted 4 times. According to the people living in the
vicinity of Lake Toya, the eruption of Mt Usu has a great impact on their life. This includes long
term evacuation and extensive damage to the town, there are also several hot spring resorts
located at the base of Mt. Usu which suffer from lost business after an eruption.

The rivers flowing into Lake Toya drain only from the outer rim mountains of the volcanic
caldera and the outflow is via the Sobetsu Waterfall into the Osaru River. However, during
electricity development in 1939 water was diverted from the Osaru River to Lake Toya and three
hydropower facilities were established. In addition, a sulfur mine is located upstream of the
diversion tubes and as a result, strong acidic wastewater with a pH of 1.7 flows into Lake Toya.
This resulted in a reduction in pH to 5.3, which greatly affected the biota of the lake and fish
populations became greatly reduced. Since 1972, slaked lime has been added to the lake to
neutralize the acidic sulfur mine wastewater (Fig. 1).

The volcanic ash from eruptions pours into the lake causing a rise in pH. This resulted in
precipitation of organic matter to the bottom of the water column and as a result, this has affected
the primary production of the lake. It became clear that adding phosphate to the lake would
increase the primary production. In the years before the acidification, the catch of lacustrine
sockeye salmon use to be 37 tons on average (although there was large fluctuations), but in recent
years this has reduced to less than 1 ton (Fig. 1).

Interestingly, after Mt Usu’s eruption in 2000 the biomass of zooplankton increased, however,
the haul of lacustrine sockeye salmon remained low. Overall, Lake Toya has been subject to both
natural and human disturbance, and as a result, it presents an important model system for lakes
worldwide.
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Fig. 1. Changes in pH and lacustrine sockeye salmon catch in Toya Lake (1920-2006)



BRI EEIKEAD A B RS

EEEARFRFR AT
Nz R

WEE AL R IR 3 Ok B 35 1 B HBERBURE C 0 B s IR B)IC & & & 5 ik - MR, A
BRI R IZ & 72 2B O KINME K & Zhis b 7 5 Mg - dRic K B - A - S
DKEBEHEFR LMK TH S, ZDOKS BWMET 2 HBRBEOHR T, ASHITRHITHEN
BEARA—VEZRFIENPEE, ZOLM»SGREIIVVHEDLZ L (BAMETEZ E5L),
FRBREOMIE & & I 7= 5Bt 2% L&, 20k aARBEROZES & A
WWEID TEEE 2%, EEASILERIRICIZBAE TR £ kI h T 5, AEERIEO A E6E Y %
BNz U CHOKIIC I 2 AARBRIEOZ NN 2 NHEIBD 4 4 F 2 v 7 i 20035,
OFEBRILOILAFIENFAE L, BERBREO BREEISEERN 52 4 2 -V %20 %, 2O

FPEROFERELEL D HLS . TIBTHATCH 5,

Q% D%, WEBREABIE U SSCEHE A HEFT h ORSCR ] - NTAERRNC A Z 2 TON
&GS 5,

QBUE, HF2@) 2R T 5 E K SMIT1 7O AR LM A LR IZ AT U T2 O ATICAE
L7230 Thd (HHEL),

O L 22BEXEIE IR O M, Ak d - 72fiElIZ W T A B) 2 L Tni:
(YEz ZICHMPRESIZ) (BH2),

OBRBEOICHBREEPICEEL 2 R~aiHOANZBE, BEET285 1 205K T, &%
HYUU 7= B NEVILER 72 & %17 - Tz,

@M P LIRS W25 £ T
DO, % Z TOFRNEFHDOLA -
BEEIIfTHbhaL D, HBRAb) -
) IIFFHIFD — I e F v v
e U Sz,

DA IR ORI, &
SO - IHIA S h, BifE
TIIZDORMBE L EDBDAIC
ToTWb,

CGTHER L - RIEW A EI DB IR6:E B

Mt.Usu and human activities in the postglacial period

Northern Culture, Graduated School of Letters, Hokkaido University
Yasushi Kosugi

In the northern area along Funka bay, a remarkable fluctuation of topographical, floral and
faunal features occurred during the postglacial period. Such fluctuation was caused not only by
the marine transgression and regression which were synchronized with the abrupt global change
in temperature, but also the volcanic eruptions from Mt.Usu and Mt.Komagatake which were
accompanied by earthquakes and tsunamis. These natural environmental changes sometimes had
disastrous effects on human societies in this area. However, peoples have rebuilt their new
settlements and cultures without completely leaving this area. At present, there is a lot of evidence
which demonstrate such fluctuations of the natural environment and human activities in the
northern area along Funka bay. I introduce a dynamic process of human adaptation to the
changes in the natural environment during the postglacial period, for example I will discuss the
Usu-6 site which is found near Usu bay.

(DThe natural environment around Usu bay was seriously destroyed when the sector collapse of
Mt.Usu was occurred. It is dated at least before ten thousands and several thousand years ago,
although it was previously thought to be between 9,000 and 7,000 years ago.

(@After the sector collapse, the coastal environment had generally recovered and the Jomon
transgression was in progress. The Initial Jomon people began their activities in this area about
8,000 years ago.

@The huge rock debris that formed rockshelter (a) fell into the present place after the 17th
century eruption of Mt.Usu.

@This debris was originally positioned at rockshelter (b), when the shell middens were created by
the Jomon peoples (see Photo 2).

(®The Initial and Early Jomon peo-
ple who intensively abandoned
shells in rockshelter (b), heat-
treated the shellfishes in a sec-
ond adjoining rockshelter (c).

®The processing and abandon-
ment of shellfishes in the rock-
shelters disappeared from the

Middle to Final Jomon. Rock-

shelters (b, ¢c) had been used as

the location of temporary camps
while hunting.

(DRockshelter (c) was also used as
the quarry for the construction
of the Muroran harbor during
the Pacific War. At present,
rockshelter (c) partially remains.

Rockshelter(a)

The Usu-6 site reconstructed with CG
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Thermal environment of Lake Toya under global warming

Graduate School of Agriculture, Hokkaido University
Shin-ichi Urano

The affect of global warming and climate change on the thermal conditions of large lakes on the
earth surfaces are unclear. Therefore, water temperatures in Lake Toya were examined both at
the surface near the shore and at six depths of Om, 5m, 10m, 15m, 25m, and 45m at 300m off-shore
from 1981 to 2004, respectively. From these data, the changes of thermal condition were
considered over the past 24 years in the lake.

Lake Toya is a temperate lake which has two circulation periods, Jan. and Apr. The water
temperature of the deep layer is the constant at 4 ‘C throughout the year. The temperature
change occurs in the upper layer at depth to about 50m, and the metalimnion appears at depths
from 10m to 15m in summer. The surface layer (epilimnion) temperature is below 4 °C in winter,
but there is usually no ice formation at the surface. Surface water temperatures start to rise in Apr.
and reach the maximum early in Aug. The rate of temperature rise reduces with water depth.

Figure 1 shows the changes in water temperature over the 24 years from 1981 to 2004 in Lake
Toya. The values are annual moving means of 365 daily values. The values from 1981 to 1994 for
0m-55m were estimated from surface water temperature near the shore, and the mean water
temperatures of Om-100m are the estimated values assuming 4 °C at 100m depth. As shown in
figure 1, the annual mean water temperatures in the lake have increased since 1981. Both the
surface and mean temperature of Om-55m increased 0.766 ‘C and the mean of 0m-100m increased
0.425 °C over the 24 years. AMeDAS data shows that the air temperatures around Lake Toya
increased by about 1 °C for the 20 years from 1980 to 2000. In addition Endo (1999) reported that
in Lake Biwa the water temperatures increased by about 1 °C for the 10 years from 1985 to 1995. In
comparison to these data the temperature rise in Lake Toya is relatively small. But it is clear that
the water temperature in the lake has increased due to the affect of global warming.

The rise of water temperature brings a change in the heat balance of the lake. As an estimation
of the heat balance terms, the evaporation rates (latent heat transfer) and sensible heat transfer
were showed no clear change, but the net radiation and the heat storage of lake have increased
over the past 24 years.
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Fig. 1. Changes of water temperatures in Lake Toya for 24 years from 1981 to 2004
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Physical and chemical properties of Lake Toya:
Relation to the volcanic activity of Mt. Usu

Department of Natural History Sciences, Faculty of Science, Hokkaido University
Kazuhisa A. Chikita

Lake Toya receives the direct effects of volcanic activities of Mt. Usu, since the volcano is
located on the rim of the Toya-ko caldera, i.e., its northern part in the drainage basin of the lake. I
observed physical responses of the lake to the volcanic eruptions in 1977 and 2000. The 1977
eruption occurred on the summit of Usu Volcano in August, when the lake was thermally stratified.
The eruption supplied much tephra to Lake Toya as dry falls and mudflows from on the
mountainside. The 2000 eruption occurred as a phreatic explosion on the mountainside in March,
when the lake exhibited weak thermal stratification. The 2000 eruption supplied most of the
tephra by mudflows down the mountainside to the lake (Fig. 1). Lake Toya thus exhibits different
responses to the variety of eruptive modes of Usu Volcano. The thermal effects of the eruption on
the lake depend also on the amount and grain size of the tephra.

Akita (1992) proposed that the Toya-ko hot spring (Na-Cl - SO. or Na-HCOs - SOs type - pH=6.3
to 7) on the southern lake shore is not supplied by the lake water, but by precipitated water
percolated into Mt. Usu. Lake Toya and Lake Shikotsu are unfrozen in winter, which are at the
northern limits of Japan (Yoshimura, 1937). Boehrer et al. (2008) found that Lake Toya is dimictic
but Lake Shikotsu is meromictic with the limit of vertical circulation to ca. 200m depth.

I try to perform three-dimensional numeri-
cal simulations of mudflows induced by the

2000 eruption (Fig. 2), and to compare be-
Paricd of vertical . - .
i ——— tween the simulations and the observations
imermal smuiification a'_“ig. 1).
Mk 1o A pril) Elost mmsd fivwes
om0 10 April 2000 ] : HL
Texgerare  Laks Toya

0

Tl
"

Wisar dopth

Tepgumapine  Lalie Toya
a1 Mt

Fig. 1. Mudflows induced by the 2000 eruption Fig. 2. Topographic model of Lake Toya used
of Usu Volcano. in the 3D simulation of mudflows induced by
the 2000 eruption.
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Population dynamics of phyto- and zooplankton in Lake Toya

Field Science Center for Northern Biosphere, Hokkaido University
Takashi Denboh

Microscopic organisms that live in the water column of a lake are given the name plankton
(from the Greek planktos, meaning “wander”) because they are suspended or wander around in
the water column. In general, the microscopic organisms are composed of phyto- and zooplankton.
About 30 and 10 species of phyto- and zooplankton have been reported in Lake Toya, respectively.
These planktons are the most important aquatic organisms in an ecosystem of a pelagic zone of a
lake.

Fluctuation in biomass of phytoplankton in a stratified lake such as Lake Toya is influenced by
physical (mainly light and water temperature), chemical (mainly nutrient) and grazing factors. In
Lake Toya, towards the end of winter increased solar radiation permits unlimited growth of
phytoplankton adaptive to low water temperature because the circulation of the whole water
column supplies abundance of nutrients. Several species such as Dinobryon (Chrysophytes) and
Aulacoseira (Bacillariophytes) that form a colony or a filament dominate during spring. As an
upper stratum of warmer water develops in late spring, the lake will be stratified into two layers.
Thus, grazing pressure by herbivorous zooplanktons increases and algal growth becomes
phosphorus-limited in the epilimnion of the lake, leading to a rapid reduction in total algal biomass.
Subsequently, herbivorous zooplanktons become food-limited and are themselves predated by
small planktivorous fishes, leading to a reduction in size and abundance. Overall, Bosmina (a
smaller cladoceran species) were the dominant zooplankton in Lake Toya for several years prior to
2000.

However, immediately after the Mt. Usu eruption in 2000, PO4-P concentration of the lake water
temporarily increased due to the addition of volcanic ashes. In a similar manner as PO«P,
chlorophyll a concentration in the photic zone temporarily increased. It was considered that
phytoplankton increased by using nutrients, especially PO4-P, added from the ashes to the lake
water. Eventually, the composition of zooplankton community drastically changed, and several
species temporarily appeared at the same time. Afterwards, the size of dominant zooplankton
species changed from a small one (Bosmina) to a large one (Daphnia).
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Fig. 1. Abundance of zooplanktons during the monitoring period of 1992-2006 in Lake Toya
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Population dynamics of sockeye salmon in Lake Toya

Graduate School of Fisheries Sciences, Hokkaido University
Takashi Matsuishi
Field Science Center for Northern Biosphere, Hokkaido University
Hiroshi Ueda

Sockeye salmon are the most dominant and important fish in Lake Toya. They are caught by
both gillnet by the fishermen of Toya Fishery Cooperative Association (TFCA) and angling by
recreational fishermen. According to the statistics of TFCA, recent catch has been under 1 t
annually, although annual catches were about 37 t on average before the acidification of the lake.
However these catch do not directly express the population dynamics of the sockeye salmon in
Lake Toya, because the catch do not include the angling catch. We estimated the population
dynamics of sockeye salmon in Toya Lake from the specially permitted gillnet survey data from
1991 by Toya Lake Station, Hokkaido University and angler survey data obtained by the Faculty of
Fisheries Sciences, Hokkaido University using the ADAPT VPA method.

The stock size of sockeye salmon was estimated about 800 thousand individuals in 1992 but
decreased to less than 100 thousand individuals (Fig. 1). However, according to the angling catch
data, populations have been increasing since 2005.

Because the growth rate of fish were faster from 1997 (Fig. 2) and the index of reproductive
success obtained from the gillnet survey was also stable, it is thought that the stock would recover
if the spawning stock is conserved and the juvenile release is conducted properly.

A joint research program is running among anglers, TFCA and Hokkaido University from
November 2007. In the program, 100 thousand juvenile fish will be released on June 2008, and the
growth and survival of the released juveniles will be observed to improve future management.
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Fig. 2. Average folk length of Sockeye salmon in Toya Lake (Specially permitted Gillnet survey)
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Vegetation changes on the volcano Mount Usu

Graduate School of Environmental Earth Science, Hokkaido University, Sapporo 0810 Japan
Shiro Tsuyuzaki

Mount Usu which is located between Funka Bay and Toya Lake, is an active volcano which
eruptsing periodically every few decades. This volcano is famous in volcanology, and also gives us
many new insights on the invasion and establishment patterns of plants after disturbances, includ-
ing volcanic eruptions (Table 1).

Table 1. Four proverbs for succession on Mount Usu (Shigesada & Tsuyuzaki 2008). The charac-
teristics of early successional stages on Mount Usu are summarized by the following four proverbs.

1) A rolling stone gathers no moss Mosses and lichens do not develop large belowground organs and as a result
they can not establish on rolling pumice and volcanic ash. Therefore, mosses and lichens do not dominate the ground
surface before it becomes stable.
1]
L]

.y A rolling stone gathers no moss @+ You can't squeeze blood out of stone

T
Cr €0

b 'ﬁ:‘-‘
Pumice/Ash ':"-ll.“':ﬁ bl 1 .

2) You can’t squeeze blood out of stone When annual plantss exist in the early stages of succession, the annuals

Former topsoil

immigrate to denuded area after disturbances. After the eruptions at Mount Usu there are few annuls left, except in
the seedbank. Therefore, annuals do not dominant ate the plant communitie.

3) Unsung heroes The only plants that can survive in areas covered by pumice and/or volcanic ash in the early sta-
ges of succession are large perennial herbaceous plants. The establishment of plants developing large belowground or-
gans is faster on unstable ground surface. For example, Polygonum sachalinense (Giant Knotweed) recovers by the
upward movements of rhizomes buried in the former topsoil
which can be at depths of 1-2 m below the present ground | Fable of the hare and the tortoise
surface.

Unsung heroes

4

4) Fable of the hare and the tortoise When the vegetation recovery is promoted by the dominance of fabaceous
species in early successional stages, the fabaceous species may exclude the immigration of cohabitants (= Hare).
However, bare ground in earlier stages can promote faster, forest recovery which includes trees with heights of more
than 10 m and forest-typed herbaceous species on the forest floor (= Tortoise).

Reference: Shigesada N & Tsuyuzaki S (eds). 2008. Natural History of disturbance and succession. Hokkaido Uni-
versity Press (in Japanese)
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Population fluctuation of sika deer on Nakanoshima Island of Lake Toya

Tokyo University of Agriculture and Technology, Institute of Symbiotic Science and Technology
Koichi Kaji
Kansai Research Center, Forestry and Forest Products Research Institute (FFPRI)
Hiroshi Takahashi

Three sika deer were introduced on to Nakanoshima Island (area: 5.2 km®), Lake Toya,
Hokkaido between 1956 and 1966. Under conditions free of predators and hunting, the deer
population increased at a rate of 16% annually and reached a peak of 299 animals in autumn 1983.
However, this rapid increase in population caused severe damage to the vegetation, and the
population decreased to approximately half in the harsh winter of 1983/1984 due to food limitation
(n=67) and removal (n=96).

Following the decline in population, the body size of the remaining individuals became smaller,
and falling leaves rather than live vegetation became the primary food source throughout the year.
Following the 1984 crash, the population continued to increase at a rate of 7% per year as the deer
depended on fallen leaves and Japanese plum yew (Cephalotaxus harringtonia), which was
originally unpalatable for deer. In March 2003, the population size reached 437 deer (83.5
deer/km®) which was 1.6 times higher than the first peak. However, the population crashed in the
winter of 2003—2004, when Japanese plum yew was eliminated by deer.

At present the deer on the Nakanoshima Island feed only on fallen leaves and the population is
around 200 deer. The deer from Nakanoshima Island switched from high quality, but limited food
resource to a low quality abundant food resource and this makes the change in their population
unique world-wide.
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