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                1. Introductien

   Today I am going to talk about the changes in the

ecosystem of Lake Stixxra from the beginning of the 20th

century. 'I'he ecosystein of Lake Suura has been suffer-

ing from the various htiman activ･ities for a long time,

At the beginning of the 20th century this lal<e used to be

classified as a mesotrophlc lake, Since l960's, however,

Japane$e economy has grown remarkably year by year

and accordingly the human activities in the watershed

area of Lake Suwa, such as the intensive agriculture, the

precision and food industries and totirism, have become

considerably･ augmented. These intensified human

activities have brought more and more nutrients into tbe

lake and consequently this lake has changed into a

hypertrophic lake. By "hypertrophic" I rnean "highly

eutrophicated". Nowadays, the thick layer of the vivid

green Mic7oc}-stis cox,ers the lal<e surface from late June

to October every year,

   In order to cope with this situation, the local gov-

ernment and the inhabitants around the lake started to

inquire into the po$sible ways to clean the lake in 1966,

and worl{ed out a plan of a large-scale waste water

treatment plant, which deals with the domestic, indus-

trial and other waste water, and human feces and urine

from the cities around the lake. in Octeber 1979. a part

of the $ewage plant began to operate,

   The purpose of this presentation is to show you the

changes in some chemical and biological parameters ef

the ecosystem of Lal<e Suwa frgm the beginning of this

century, and to pre-estimate the effect of the partial

operation of the sewage piant on the lake ecos>rstem.

2. LecatioR and merphometrie feature of Lake Suwa

   Lake Su"r,a is located in the central part of Japan

proper. Figure 1 shows t}/ke morphometric feature of

Lalsce Suwa. This lake is morphometrica3Iy character-

ized as shallow. Its surface area covers l3.3 kiTt, How-

ever, its maxlmum depth is only 6.5m and the mean

depth is 4.Im. The }ake lies in a relatively high land of

759m above sea level. This is in the tectonic belt

crossing the Japanese Islands, and Lake Suwa is one of

the tectonic lal<es on this belt. A,lore than 20 yivers and

streams flow- into the lake from the catchment area, but

the Riv-er Tenrttu is the only otitlet.
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Fig. 1. The contour map of the water depth of Lal<e

 Suwa and the location of the cities around the lake.
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The　urban　a夏幽eas　are　1（）cated　cl・se　t（＞the　sh・re　line（Fi簿

These襖rban　areas　contain　quite　a　ntm、ber　of　faじ2）．
S犠wa　aRd　hu撮a熱activltles3。Lake

△40reover．　there匙ories　of　precis三〇n　a：、d蒼ood　industriesLake　Suwa　hasow，　we　al・e暮〇三n募to　explaill　how

are　iots　of　hote｝s　alld　res匙rants　aroし1nd　the　lake，∫or　thisAbo臓200．Ol）O　peop｝esし歪f｛ered　fro三n　hulミ蔵al〕　activit三es

area　attracts　m乏my匙。毛塾rists　on　account　of　it＄hot　sprillgs．live　w三thin　the　catchmellt　area　of　the　lake．　Figure　2

shows　the　la轟（i　u＄e　of　the　catchmellt　area　of　La｝くe　S“wa．
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（Quated　from　Matstida，　M。，　Olくino，　T．1982）．
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Suwa,

   About 65% of the cultivat.ed land is the paddy

fields and the rest is the upland vegetable fields (Fig. 2).

Especialltt fer the vegetab3e fields, they･ use a lot of

fertilizers, and consequent}y the nitrogen compounds

from these areas have been another factor g,hich ac-

celerates the eutrophication of the lake,

   The bait for cuitured carps in the fioating net cages

in the lake is the }ast artificial source supplying nutients

to the lake ecosttstem, They feed carps with the artifi-

cial bait rich in nitrogen and phosphorus. In l978, as "J･ill

be shown in the Fig. 5 later, the landing amount of the

cultured carps increased 13 times as great as that in

1964,

   Furthermore, Lal<e Suwa suffers from the cSvil

engineering activities, such as dredging, reclaiming, ancl

embanl<ing of the lake shore al] of which have changed

the lake morphometrically. Nowadays, more than 90 %

of the Iake shore has been embanked artificiallv and the

surface area has decreased by 8.3% by the reclamation.

Thus, the lake has been suffering from the various

human activities.

      4. Influx of the nutrients inte the lake

   Now, we are going to show- a rough estimation

about the nutrients influx to Lake Suwa from the

various sources (ZE'ab]e l). Although the data are not the

latest ones, it can be seen in this table that the niain

source of the influx of nutients is the waste from the

domestic life, that is, the domesticities and the human

feces treatment plant. These suorces account for soine

3896 for nitrogen and 5796 for phosphorus. The bait for

culttared carps is the least artificial source ef nutrients

(Table 1), The nutrients from the factories and the

cultivated fields are some 10 to 20% ,

   In total, about 3 metric tons of nitrogen and O.3

metric ton of phosphorus flowed into the lake in a day

in 1975. And the nitrogen and the phosphorus originated

from various hunian activities amount to 75 % and 87 %

of the total, respectively.

   Next, we will show you how Lake Suwa has under-

gone drastic changes in the past 80 years.

Table 1. Influx of nitrogen and

       sources in 1975

phosphorus flowing into Lake Stiwa from various

Source
1<g

Influx
'dav･-'iv

ofN
o
/
6

Influx

l<g.dayTi
ofP
%

Domesticities 420 12 .6 ll6 35 .7

Humanfecestreatn?ent plant 856 25 .7 68 21 .o

Factories 364 10 ,9 53 16 .3

Cultivatedfields 754 22 .7 :37 11 .ii

Ferests 247 7 .4 4.2 l .3

Baitforcarps we 3 .o 8.t･) 2 .6

Miscellaneous 586 17 .7 38 ll .7

Total 3 ,327 100 324.7 ioo

<Modified from tke office report of Nagano Prefecture 1975)

               5. TranspareRcy

   Since the l910's during which the first scientific

research of Lal<e Suwa was conducted by Dr. Tanaka, a

considerable number of scientists have carried out the

investigations. Figure3, which is based upon their

studies, shows the change in the transparency of the lake

water. The upper line indicates the maximura numer-

ical value of each year while the lower line indicates the

miniraum ntimerical valtte of each year,

   As you can see from this figure, the maximum

transparency was about 2.7m and the minimum "J･as

about lm in the l9iO's, but about l960 they began to

decrease drastically and in the surnmers of the l970's

they often reached about O m.

   The 1966's was the period when Japan adopted the

high economic growth pelicy and our economic activ-

ities were rapidly accelerated as Fig. 4 shows.
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       6. Ecenomic growth and Lake Suwa

   Figure 4 shows the changes in GNP (Gross National

Preduct) and the production of sy-nthetic detergent for

domestic use, The high econoinic growth poHcy adopt-

ed in the 196e's brought about the exponential increase

iil Japanese GNP. The similar increase can be seen in

the production of the synthetic detergent for domestic

use "J･hich was selected as an example of the accelerated

industrial procluctions. The reason why- we selected the

sy-nthetic detergent for domestic use is that it contains

the phosphortis conipounds as a builder, The synthetic

detergent for demestic use contains 2 to 596 of phosphor-

us on a weight basis.

   As l told yeu, the largest source of phosphorus

flowing into Lake Suwa "r-as the waste water from

domesticities, It comprises about 36% of the total

infltix. A part of this phosphorus comes from the

synthetic detergent. This figtire suggests the rapid in-

crease in the phosphorus loaci from the synthetic deter-

gent in the hydrosphere including Lake Suwa,

 ct
 o M
pa
ri

 o
 H
 "
 -H

 pa
 z
 o

250

200

ISO

loe

se

o

- GNP (Gross Natj.onaZ

--------- Synthetic detergent
         for domestic use

    '  -------
'
'

tl
'
'
'
'
t--
'
'
'
'

ll
'
t
'
t
'
'
'

?roduct)

              A
             It is
      tl St tt i"
    ttt It tttl

   lt li ti
 t- lt 'v-t

iooo

1945 i950 1955 1960 I965 1970 l975 1980
                                                 Year

 Changes ±n the Japanese GN? and the production
    of synthetic detergent for domestic use

           (Modified from Yondur± yearbook l982)

800

6ee

400

200

o

u
o
eq

p
r
ce
tn

k co
o:voopv
  co

eoH rrvml
p
an "
.S 'rl
v
co>' ee
m pt

ig v
O ･H
   v
: ut
o¢･H ee
-oo rr
:
as
o
M
pa

Fig. 4. Changes in the Japanese GNP and the annual production of synthetic detergent for domestic use in

  Japan (Modified from Yomiuri yearbook 1982).



Changes in the Ecosy$tem of Lake Suwa AttendaEit upon Htiman Activities lll

   It is worthy to note that the increase in the GNP

and the production of the sy･nthetic detergent coincided

the decrease in the transparenc}r- of the water of Lal<e

Suwa. Genera]ly speal{ing, the decrease in the transpar-

enc>･' of the lake water indicate$ the acceleration of the

eutrophication of lakes. The corelation between the

GNP or the production of the synthetic detergent and

the transparency of the lake water suggests that the

eutrophication which has been proceeding in Lake Suwa

since the 196e's is an artificial one.

7. Changes iR the coneenfration of N and P in Lake

  Suwa

   You wi]a tmderstand from Table 2 that Lake Suwa

has undergone a remarkable change in the standing

stock of nitrogen and phosphorus. The tota} amount of

nitrogen has increased btt about 6 tiines and tke total

aniount of phosphorus about 15 tjmes as much as 50

years ago. Lake Suwa has been changed into an

extraordinary productive lake, now-,

Table 2. Changes in the coRcentration of

       Lake Suwa in "g!1
nitrogen and phosphorus in the water of

Date Tl TIN TP RP

193IAug. 26e wn 20 -
19ti9Sept. 490 220 80 l4

1958.May. 1160 ma 80 l4

1966july. - 193 30 3

1969June. l350 32rJ - -
1977Aug. 1630-2020' 2-6e 260-340 80-100

1981Aug. l220--150e 19e-630 160-290 24--40

CI'N: Total nitrogen TIN:

TP: Total phosphorus RP
Total inorganic nitrogen

: Reactive phosphorus

             (MQdified from Sakamoto 1974)

            8. Changes in fish catch

   Well, I will show you the change in fish catch from

I.ake Suwa <Fig. 5). Lal<e Suwa is noted for the greatest

fish catch for the unit area in Japan. This figure is

based upon the statistics concerning the yields ef

aquatic raacro-organisms from the iake since 1895.

   The yields of aquatic organisms to man froTn the

}ake have changed by many factors including the ¢hange

in the coramercial demand, the changes in the composi-

tion and standing stock of organisms, the change in the

number of fishermen, the technological improvement of

fi$heries, and the influence of the Second World War,

Roughly speaking, the total fish catch has been stable at

about 4eO metric tons a year after the Second World

xx'ar (Fig. 5).

   When it comes to the component of the fish catch,

however, there has been a notable change in recent

years. Especialiy, among benthic flshes and shells,

Corbicula and shrimps have remarkably clecreased <Fig.

5), As a resuit, 7e96 of the total fish catch is pond smelt

now, and if we adcl carps and crucian carps to it, more

than 90% goes to these three kinds of fishes. Pond smelt

is one of the few species that can take good advantage

of the eutrophication of the lake, because there are

pienty of rotifers in the water, which make a good feod

for the fry of pond smelt and enable them to grow in

large quantities. In addition to that, there are few fishes

that eat pond smelt in this lake. In order to promote the

landing of pond srnelt and enable them to grow in Iarge

quantities. In addition to that, there are few fishes that

eat pond smelt in this lake. In order to prQrnote the

landiRg of pond smelt, the col}ection of fish eggs, fertil-

ization and stock are ail artificially done here.

   Figure 5 a}so indicates the remarkable increase ita

the yield of carps by aquaculture. The total landing of

the cultured carps exceeded four times as much as that

by fisheries in 1978.

   We know that the change in the cemposition of

aquatic organisms caught by fishers does not akvays
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reflect the in sittt change. However, these are the only

clata about the aqttatic macro-organisms in Lake Suwa

which cover nearly 90 years. Thanl<s to these data, we

can know the outline of the change in the composition of

aquatic macro-organisms from the times before the

scientific researches began.
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     9. Changes in the reoted aquatic plants

   Figure 6 is $howing the changes in the standing

crops of the rooted aciuatic plants-and the changes in the

percentages of three different groups of life form Df the

aquatic plants in Lake Suwa.

   The total standing crop of the rooted acEuatic piants

in the whole lake reached the maximun'i in 1966. The

standing crop at that time was about 196e metric tons.

It decreased by 24% in l976. This decrease is attributa-

ble mainlx, to the decrease in their habitats, The habitat

of the emerged plants has been destroyed by the re-

clamation and that of the submerged plants by the

dredging.

   As was mentioned prev-iously, the surface area of

Lake Suwa in 1978 decreased by 8.3% as compared with

that in the I910'$ by the reclamation, They reclaimed by

usiRg the sediments dredged from the lake. These

human activities 1)rought abotit not only the changes in

the standing stock of the piants but also the changes in

the percentage of tlae three different groups of life from

of the aquatic plants as can be seen in this figure. The

$ubmerged plants were dominant in 1949, But, in 1976

the floating leaf plants became dominant in their place.

The floating leaf plants have suffered ieast from these

engilleering works.

   On the other hand, tlie standing crop per unit area

for the distribution zone of the aquatic plants continued

to increase until 1972 but after that it clecreased (Fig. 6).

This increase is due to the eutrophication of the lake, in

other words the eutrophication brought about the high

production of the plants. And the standing crop per unit

area decreased in 1972 because the hypertrophic condi-

tion of the lake tool< the light out from the submerged

plants,
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       le. Seasonal change in ch}eyophll a

   As was mentioned previously, the surface of Lake

Suwa is covered by the thick green Iayer of bloorned

Miciocl}tstis in summer. Figure 7 shows the seasona}

change in chlorephtt}l a in 1977. The sumrner peak

indicates the bloom of Micivc)stis and the vemal peak

the bloom of diatoms.

   According to the remote sensing sent from an

American Resource Satellite, the Iake iool<s very like a

grass land when Microc.rstis blooms. The tourists who

visit there, sometimes mistake it for the green paint

thrown in by accident, In order te improve this condi-

tion a large-scale waste water treatment plant is being

constrttcted now. ,L

        11. Waste water treatment plant

   The project area is shown in Figure 8. This plant

deals with the demestic, industria] and other waste

water and human feces and urine conveyed from the

$urrounding areas l)y the main pipe }lnes. In October

i979, a part of this plant started to operate, The mouth

of the drain pipe from this plant opeiis into the Tenryu

River, the only outlet of the lal{e, The nutrients coming

from the catchment area of the lake decreased by- 30%

by the partial operation of this plant,

   In order to studv- the effect of the constrtiction ef

this plant on the hypertrophic condition of Lake Suwa,

a project team, to which we belong, has been carrying

out a routine survey. since 1977. More than 30 par-
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         Yaniantoto, 1978),

anieters includang the biologicail chemical and physical

enes have been survevecl at the water column of the lake

center ev-ery ten days in 1977, l981 and l982 and once a

nionth in 1978 anci 1979, Out of these vast data, I "rill

show you a brief summary.

I2. N and P in Lake Suwa before and after the sewage

                plant operation

   As you can see in Table 2, the concentrations of ali

paranieters in 1981 are smaller than those in 1977 except

the total inorganic nitrogeR, A part of the sewage plant

began to operate in October 1979. Therefore, these data

shew the concentration of the nitrogen and phosphorus

compound$ in the lake vLrater before ancl after the partial

operation of the sewage plant.

I3. Gross production iR Lake Suwa befoe and after the

                  .            sewage plant eperation

   Table 3 shows the changes in gross production and

other items. The gross production in the lake was

260g"/mt/y in 1949, It became double in i969. And then

just before the sewage plant began to operate, it tripled,

It seems that the gross production after the partial

      Month

aniounts of Lake

A

Suwa in

s

1977 <after

o

Okino,

N D

T. and M.

operation of the sewage plant decreased to the level of

1969.

                14. Conclusien

   D<) these decreases in nitrogen and phosphorus

(Table 2), and gross production <Table 3) indicate that

the lake has become cleaner because of the partial

operation of the sewage plant ? Thls prob}em caused

a great controversy among the members of our project,

and it is yet to be solved. Someone argaes that the

fluctuation in the weather conditions, especially the

amount of precSpitation in among the main factors

which caused these decreases, It will take a Iong time to

evaluate the effect of the construction of the sewage

plant on the lake ecosystem.

   Anyway, Lake Suwa has suffered from various

human activities fer a long time and the construction of

the sewage plant in the latest human activity signi-

ficant for the lal<e. Lake Suwa is under a big experi-

ment now.
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Table 3. Changes in the annual gro$s production, annual mlneralization, annual solar

  racliation and energy transfer efficiency by phytoplankton in Lake Suwa.

Year Annualgross Annual Annualsolar Energytransfer
production mineralization radiation efficiency

gCm"2.y-E gCm-2.y-i I<calcm'2.ym} o
/
o

1949* 260 211 nv O.24

1969 557 615 - -
1977 756 642 - ma

I978 699 708 114 O.61

l979 777 625 I06 Oa73

1980 un me liO ww

l981 576 559 121 O.48

1982 629 541 115 O.55

' frona Hogetsu et al. (1952)
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