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Our Lakes: From the Present towards a Future Perspective

Zen’ichiro KAWABATA!

This book is a compilation of edited papers presented at the symposium, “The Present Status and
Futuarability of the Lakes” and several invited papers. The symposium was held on 13 June, 2013, at Shanghai Jiao
Tong University organized by School of Environmental science and Engineering, Shanghai Jiao Tong University
(Shanghai, China), Research Institute for Humanity and Nature (Kyoto, Japan), and The RIHN Initiative for Chinese
Environmental Issues (RIHN-China) (Kyoto, Japan)’.

Lakes are indispensable resources for human survival. However, global observations show that the
ecological services of lakes are shrinking rapidly due to human-induced environmental degradations such as
eutrophication and habitat degradation. Three main causes are attribute to responses of the lakes. Firstly, lakes are
sensitive to human activities within the entire basin as well as in the lake and littoral area because they are highly
closed systems. Secondly, an enhancement of human economical activities and changes in land use have occurred
in basins over the past few decades and lakes act as mirrors reflecting human activities. The third cause is the difficulty
in adjusting the requirements from diversified user-interests.

Sustainable usage of lakes can only be ensured by conservation of the lakes. Nevertheless we have taken
a tremendous amount of time and effort to recover lakes, and unfortunately it is very difficult to present examples of
success. A few important points need to be adhered to when considering lake conservation.  Firstly, it is necessary
to understand the lake’s features as a spatially-temporally expanded system rather than only a closed system. The
interactions between humans and lakes and their associated basins need to be understood on a past and present time
axis in order to formulate a proposal for future lake management. Secondly, any problems need to be understood in
terms of multidimensional relationships and within a particular context. Wide range of knowledge of all human
activities is indispensable. In addition, to make suggestions and ultimately implement the improvement of a lake’s
environment, it is also necessary to understand the local human social system and associated concepts. It is therefore
considered that the use of interdisciplinary studies is undoubtedly required. ~ Thirdly, inter-institutional cooperation is
required between lake users and those who have been, and will be, involved in environmental conservation at various
levels of activities, mainly because of their different sort of interests that they have in the usage of the lakes.
Nowadays the conservation of lakes is of interest not only to researchers, but also to citizens. Synthesizing and
adjusting the knowledge obtained by analyses and theorizing by researchers, the perceptions and experiences of
citizens, and the opinions of people who are engaged in economical activities, are also required.

Living in our present society we urgently require substantial suggestions and actions which lead to the
establishment of a good relationship between lakes and humans. This will evolve through our analyses of the problems
which we are now facing, and through the recognition of eco-services, and such a method should be disseminated to
all global citizens. It is my wish that we construct an adequate model for lake conservation through cooperative

research with Japanese and Chinese researchers. This book is a compilation of edited papers that show innovative

1 Research Institute for Humanity and Nature

2 The initiative was founded at the RTHN in 2007 by the National Institute for the Humanities to promote the studies focusing on China’s
environmental issues, based on the RIHN research projects which have been implemented within several areas in China
(http://www.chikyu.ac.jp/rihn-china/about-en.html).



points of views and new findings, and aims to contribute to society and provide perspectives for those intending to

implement such ideas.
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A, BEKS, Ethma’

ABNKEERH 20 4 50 F£RGL LK, E45EEREA— TN K25 %R
BERY, ASANRFHUH RN, BES A B ERRNEER TR EAAURT
WEFENFI E RIS A TG &R, SR BIF 503X Ff A T 9% 28 77 A5 TR 5% TR R 52 Tl (1) SC A0 OO 3) 4 &R
A HEMMHERR, EAFMEHRREOHERRS, ANOZH. thadgl #R, H5
SRAFANEZEMNEMHA X OIEEANR . BN RG BV RE S A 4E R N DRSS & F R AN KA
I RFERTED . Bl R NS aWER . Esh. BRSEWHAHA “4El (i) 7.
RIULTE 25 B8 N RIS, i % B R IR B A At AR B A RS =AM . 18
BN R, B R EEARWT AN S B E, AER: 1988). I 3CLIE N 3 %
SRRSO R BERIE R, & — R SRR T AR AR IR B AR AT, B TR R B AR IR
P & R 2, il SEBris 47 DL BR AR 10 7 O Ik . SUE A SE e e b TR, B bl
AL ER MG AR S, T8 AR — P B A A7 RE ) R Faoe R 428 0 i 24 S0 ik (B
. 2006).

A SCARYE 25 3 1 R B QU S K55 AR I I EF R 2, AR S ST NSRBI A, 40T
AL X SR A ST AT NS U@ BV M BB KRR, R A 53
B, KR ARMILE.

1. BRIKREMAEBELERE

SRS AT KW RIBEN R, RET A KN RURE R EFZITBN, &
SCARVEIRE, WAk 1975 K, PR 15°C, FEREKE 1080 =K. AR LAk AR, B
MR . F iz a L 57 1, R A0 193 A, Hp B 113 A, &tk st A, 3t
HhEiah ) 120 N, ENERARK. BKFRE-ADRE =T Z2FE LM, 28R
e, 20 el 70 FAR LA, A IRER VA, REEMKE T DUH A E 4L 5k
e M4, B2 B AR EE RG], BB T — 3 0 R4k 2 A SF AL S i
WA TR, FR-ARJVPREHA, BEF T 1% Sl 6 5 00 A T 77 18, B ik
Wk . NEBEFAHT T

KER AR RIS, XENER, BRAWS, gl EESFE Rz — N
1939 4F 3 A& 9 H, KILAE 1L i IX A 4 1) B J 3 bk Fn 4 T agt il o, 359 R I WX BA o D BA ) H
TV, A A O, R R — R AR R AR5 U7 30 T DA IS, I LX)
i G ShIE B TR A R, I, B KR e B, R R AT RS R B I .
NTEL I b DX 1) 2 R 170 S0 R0 SCHRIE BRI LA B B 1K BRI R R R K .
JEARSE G () ad gk “Hfa, &S M ORE E T, EEN KR EEEL, &H,

1 =R R RIRTTTRE B W B2 B K 27 i RERT 7T
2 BmEIFOR

3 HARZEA M BRIF BT 22 0 5L T

A B p R I OURE B K 5 AT BN Y 2 it
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g, FHE, KILSBTEGKER.” Ful (amEEE) ik “REFazE L, %24
2 Jw-E. 7 B, X AR R, —EREA T ITREAT, R A RE P4
HHRE) (A ARMIREILR): “fEERENS Y 2R, 8RB BEBTiHE, A=
AN, T oZah T a, RAOHGRE RS, W REE Y, 5 EibE R A
[l mie” IX ey RN 24 OR B O U F A6 A% SR I 4l 2 T B RN 48 07 v, T R L R
Ao, g, mE. MIENUNRE, WMEIEA A, MR, miF. HBKET (B
1986), XUl 77 s0H BB S EAEUTHT, B, KRFE B Rk e s, it —ffiE R
THE K B AR 5L .

2. BEBAESHESAKERETARET

AT R AR N B Bk 2 4 iR 03 7E — 8 I AR & S AR D AT AR 5 R B
TR 2 B 5 AT 7 B 4 5 SR S AT R R &R AR TR SO i 5y — R RE
H5XMRA RN, g -GS 5T R (BZERK « Ell: 2003). MRAEHEESHEK
AR, T LA O = A AN TR A AR 25 38, i B R AR T AR AN [R] I S99 B 2 T R A
MR H T A A P 5 DR AP R ) SO R

2.1, EBAESHEBEENETESAKERESE T ARXNNESE

20 40 50 SEARMIE 70 £,  HWG R KBRS . fEIX M B, R R EE R,
HEZEZ, “RMBEEEENRESSI, HEMAaET AL ESM. A 1952 F££ 1970
£, HEARMUEFEAENE, Hih g, e hE” gl 1986). K&ENFHE
AT AR E, WU RSN ATE, RSN, n A WEE NS
RGN TV HIRAS o 76 00 100 0T DU 203 K, 75 T5 1A T Ak TT DA 4 0 R K (R 5292 2006)
VEIE K B 5V HOH B AT LA E B AROH K AR AR ) A VE i BB AR T .

KXW B, R4S A g A O a0, AR T R v S Ak . v R RE 2 AR A A%
R R AR R T . AR R — e gn . N AL G AR . R AN AR EEG R
BE AL AT R 0, W A TR b AU SZ R, A R RS T B I e fa ik i, A R
VG, AR ER, WERUMRBRRE—HH A, HxeE Y RlExR.

KB RGEAESHE, RRFERANES, SR AR AR EEARE K
BR, U RO SRR PR RO AT PR, EEA RREEW R — P RS REMHEITE, A%
P55 i DAl f AT R 22 1) Ak R G T AR

2.2. BESHETUSHEAREFFANSLRE

20 28 70 & 90 AL, X —Fr B, g b Uy SR B IR 2 2l ok i . ABLUNIBR S
A, DR R ], RS MR T R K SR TS

20 el 70 FEACLLJG, B A X 7K B IR A 3 B TT A AN 8 K 75 R DL ) I 2, T K BT 46
Bl BT NTHCE AR R, AEGH M0 0 5 30 A, [RII, T 45 5] B2E KW R
RV A A7 HE e MR H A B 2R AR AR, HAAR AR R, IR R k. X —
W, W TR A S AT, WA R TIRA RGN E, Bk, REBWERMF T Z
I A% e /N 0, SR T ML st it i 4l #0030 T WLt i B KR A R, ol T WLl i 1
WKL S0, BRI TS G 1 3 EOR U

201 £ SOEARH, [E AL A PR BE R AEAF IR O A 2B T AR AL, 11 Rt [ A% ¢ 1A 26 11 T7 AUAN W 52 3
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PR Ry, JF AR R 2 TR R AR o RO AN 2B B RICR . A i R BT U AR AE
WAL “HEMIE R RZRYIGARN, Fh E SO B ERR AR K AR i, N R
HEAT IR 77 f o T 2 3 28 2 A AR (R IR TT 40 B SR A 97, I RN RO A R 2 18] OF
G B AR SR IR I TE S, I S A A NBOR W I, o VS LA AN TR, il
PSR 5% 55

o T R TR M SE 4 AN B0, B 7 R “ i iR, R WOt iR kRS Bt
TVFZ BRI R EOR AT VR, 0. o R R v Y, LB, KEZ . BEZ . WAl
(B : 1986), IXLEififl T HAMT %, W S  st MR, 84l M g iR g R 2= 97 1
i, P AERE, T A S R G I EE S AL, 53— 7 I A i R I 2R A
Rk e AN 5 4

2.3 EBESHEEUSAEARETSFANEINASHER

20 2t 90 AT IR, W TAESHE S ETBORINE L 7, BB H] 1 i RO i 6 Bt
RAREL . G, e R T SO R RN 4 i R B

1996 4E15 2003 4, o Ja PO i B R A, T HUHR A D R OK AR R R
PR & R AR5 V5 K A A B4 B, BHERNEE, GG KB BB . RN, I
BRI, BN 2 A - BEESEE 9 . X, BEE AR ST B
SEtE 5 BOGRAE T IR, il Rk GE 9 A v 05 SO SR I (8] R 5 B B . i i A% g2 A 1 73U Bl
VA, R AR TS H R T et 4, T AR G i T RRR 8T . RS BUR I
577, A B it S B R K s 5 RO AT IR

T 8 4 55 1) i B AR B S A M 7 e IR 1B 2 Ik $%, i T A HURIEL I BE R SR, =
BURZ M ROUFFAM AT T, AR, A Es, AFERNRIEMRS, fE, &N
B 3t 25 42 1) 1 T KURE B PR R B MO\ v T 3R AR — BT WL 0 4L

B, R B I R O I S R B L, TR A B RO T AR AR E . K
2R BN FE A AT T, il T R = Lol ieme, Bk, 27 THE, EES R L
FARIM AR T X — ), ISR IR 2, A R AT T A e 55 R,

3. HEBESHESHEXHHENY

PERAEAN A AR IR S B N SRR AR, AR S 5 A R R v B 3 O LA S AN [
MRS, JEBEE LS BE AR A AR A A W HEAT SO & . — BN, B3R
e A7 3 AT e AR 77 3 AR SR AN A v J7 U g i AT T K 2R R
IF [ € e G S, e S AR T A7 TR B ARSI (T 2004),

7 24 55 R R AR A, 1B AR A I B B AR A% B B A A 2 R, T AR A S e R
NE HRZ 8 CIB R Fh AT 2% &R, X R 56 2R 08 i A% 8 SO R B R - T A% Ge e e b B A
PRAP A 5P 50 45 A AP A AT R B R R I T REANAE A, 75 0 — A R I A2 vk 77 sUA AT RE T
FFEMARIIIES: T % .

3.1. AKREEXHETRREINARGLUES

FE RS BRI R B, A I IIER] T 5 AR BE 425 4000 BT, H I X3 2R SR 4R R B S0k
A& T H, ATEETRET RN, CeABRKKRE G 1992). K&K SCEA % 5
PORMIE B, Il AR gk T € fa R B SCAL R o A B, R SRAR . 508 g 1R R
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THIAN TS . DR 2 R AR G271 AT R i SRR RO SRAR AT AR TR, Rk Y B R A 54
GG B K AR A RAOK . BOKIEBUE . TSN IS RETLAHEINLR, &
FARDINAEH R — A RE KRB, AR S MR, @RI REAN —F PR %
TR N T o T 7 B I R A, R R B v ROWUR R AR 2 SR A

T DX L B A, A A RJT R A S M R S A T &, ESE
SHIRT TR S Ay, ROy DU R AR SR O A, WS i I U AL
Ho BT JTE T RACR S B A 4R, I RAT DL B A ikt Nl . 2T
T, R AR 2 A% gi gl a5 ST IE R SCAL TR, [ R s o BT T4 g S A o
i, RN R SO T R A BN, B TR R B, (A R R R A L
KB i I DR TR SR A 8, AT /D B B FE 0 T A i T A I R SR A (KN 4 R A
Fro RN, WER T — Mo G SCERIL R RIHESET, B THNAERKS, LRI
W RRAFE TR, M RAEG A TSR A EH, 2 7 IRERE, BA 7T,

3.2. EBESHEFRPPHBARESESREUST ANESITHHZM

ARAESG P E S THEEMNERTME RN, A EESNMER, HREE KL
T HARE S ESHEMRK N R EHEESIRBRY b R G AT A E B RE
Ao

T ) VR AT B AR PR FF A AN T5 G IR BN K (1 BB ST A% o 48 SRS 3, WIS I A,
HEH XA . B AR, KB B S R WRIAE 2 IRZ K2 DU i sUR 77 R
Ko WHBEEMXZIAPNCN 2 MRANTERLZHK, 8 ANRKNHEER, RAEET
NPVERRF e WESRIRLAB R TINES, PIAK 2 LK 2 Bxt 7K 58 5 75 e A A
e #EANBEACLG, KB BAA AR 2 S A A wm T RS, H2 RAPE L
EARRI M R R S BRI, AT SR R (RBESE: 2012).

FE LR 8 8 IR P 9 ZE Al i A v D b, i [ROE R DL S RE D B T B /N RS P 9 5 A
ARG A A R RS S AT W S S AR S, TS ROE SR K R, RO S T T
] ARG F A o X AT f S K SN TR R AE KR ], BN TR, A
HAipi 2 s mRER . FEZ R EMETE. 20K 0 EENEREES5)E
P, TR E 7% B 2R BIRSR I P e A, A1 R0 G 1 i N 11 5 f SRR (K R T . X S5 40
WHL T AN R SRS BTE RN, (75 2 A B3 R i A 2 20 85 10 KT DK AN 3
Abo A S EE LA A RIRZI AL, R TR R i I R AR AR A R )
WA, R T E A S B RS E R E T, SRS NEER A KRS
2, MRS B, WA AR IXAERE NS B 008 <7 B il W A AR ), 72 B
I e A BB S A 5 AR 5 3 AN AT T g A 2 RO (14 [ 8D

4, #iE

o1 3L A AE e, SRR R 8, (A SRR AR T R AR, E I X
T ULE RN RE B AR SO X . R SO X ) D RETE TR AR A FREE AR A AE 28 R G
] R R B A LR SO I ) N EAT W R SR MR I £R A R R . Wi R PR R A SR B 8 AR
J7 SRV % 7 ST MR, AT DA AR A U AR BAAT 1 R b B et 1

A IR BEAR AT B AR A 07 s AR A SO S, S E R E A S B S AR R
JE. HTASWHENARN, 51T CHNIMM—EBEREAERT, @l R ESHENE
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B, AT A REN T BRESHE R ERM AR, B TR RKA A S E
(52 S BRI R MR B B, B E. EEE MR E. R T A RR
RAAFTT AP A SREEE, Z0 ERR 7RISR X R XA R
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Changes in Ways of Livelihood and Cultural Adaptation in the Bai Fishing Village
Viewed from an Eco-Anthropological Perspective
Focusing on Daoyipang Village, a Bai Fishing Village in Shuanglang Town, Dali City,

Yunnan Province

Ju ZHANG !, Huilin DUAN 2, Yuki FUKUSHI ?

Established in the 1950°s as a subject of anthropology, eco-anthropology has now
developed into an independent anthropological discipline. In general, eco-anthropology studies
relationships between humans, the environment and culture. It investigates not only the
relationship between humans and the natural environment, but also the effects of such
relationships and the correlations between influenced cultural systems. The important structural
factors such as population composition, social organization, technology and environment are
covered by the relationship between humans and the natural environment, while activities to
acquire food and maintain population are the most critical activities required for human existence.
The groups, activities and techniques for food acquisition are collectively called “livelihood”.
Therefore, the three issues of resource distribution, way of livelihood and reproduction must be
taken into account. The livelihood is the most essential point in eco-anthropological study
(Xichang ZHUANG and Zhimin SUN, 1988). Cultural adaption is referred to as the adaptation of
culture to environment, which is shown in the elimination, modification and addition of some
cultural elements, as well as the reorganization and integration of cultural elements, when a
culture faces a change of living environment or when the utilization of natural resources needs to
be improved. This adaptation process leads to a more sustainable new culture (Kanglong LUO,
20006).

Based on field work at a natural fishing village on Shuanglang town, Dali city, this paper
explores and analyzes contemporary ecological changes in the Bai ethnic community and
interaction between the way of livelihood of fishermen and cultural adaptation, as well as the

improved understanding of relationships between humans, the environment and culture.

1. Overview of Daoyipang and History of Fishing Activities in Lake Erhai

Daoyipang is located on the northeastern corner of Lake Erhai, Dali, and it belongs to an
administrative village called Dajianpang in Shuanglang town, Dali city, Yunnan province. The
village, with an elevation of 1,975 m, annual average temperature of 15°C and annual rainfall of
1,080 mm, is adjacent to Lake Erhai. Fishing is the primary form of subsistence, and no farmland
exists in the village. There are 57 rural households with a total of 193 residents consisting of 113
men and 81 women in the village, 120 of whom make up the labor force. All the people in the

village are the Bai ethnic group.” Daoyipang is a fishing village with a history of more than 3,000

1 School for the Study of the Minorities,Yunnan University, Kunming, China. Institute for Health Sciences,
School of Public Health, Kunming Medical University, Kunming, P.R. China.
2 Yunnan Opening University, Kunming, P.R. China.
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years, and the Bai have fished there since the village was formed. The traditional way of living,
with a focus on fishing, had continued and developed until the 1970’s, and fishermen in the village
made their living from the lake. However, the current younger generation of fishermen has almost
completely abandoned the traditional fishing style, against the wishes of the older generation of
the village, in favor of tourism, small business and outside work, because of a prohibition on
fishing for seven months each year.

Ancient ancestors in Dali resided near the lake, and the fishing was one of their
economic activities in addition to agriculture. Stone net-weights were found at the Malong ruins
and the Foding ruins in Cangshan Mountain, Dali, between March and September of 1939. It is
believed that the people in those days fished with nets, an advanced fishing method. It is further
induced that the fishing in Lake Erhai would have started prior to Neolithic Age, as fishing nets
could not have been invented and used without a long time for development and mastery of the
techniques involved. It is seen from the history of and the literature about Lake Erhai that fishing
in this region had been well developed due to rich aquatic resources in Lake Erhai. It is recorded
in the book of Manshu written by Fan Chuo of the Tang Dynasty that: “Large crucian carp in the
pool called Mengshechi weighed 5 kg. In the winter, fish, hawks and wild birds stay in the waters
of the the water outlet of Erhai River and South Kunchi River and Dianchi River.” It is recorded in
the book of Yunnan Tongzhi, written by Li Yuanyang that: “There are 17 fish species in Dali and 7
fish species in Menghua,” These descriptions indicate that there were always professional
fishermen among the residents of Lake Erhai. It is written in the Record of Rural Investigation in
Yunnan, published in April 1934, that: “The investigation by the Dali Government shows that
there are 226 fishing households with a total of 1,254 people who are engaged in fishing in Lake
Erhai, and most of them are doing so professionally. Their methods are different from fishermen in
Dianchi River.” These fishermen have been keeping and using traditional fishing tools and
methods since the ancient times. The common fishing tools used by fishermen in Lake Erhai
include “fishing nets, fishing cages, fishing covers, fishing hawks and wooden boats, and the
fishing methods are fishing piles, fishing cotes, fishing holes and water channels” (Cong YANG,
1986). Some of these ways of fishing are still being used. Therefore, the fishing evolution in Lake

Erhai, Dali, constitutes a natural fishing history over a thousand years.

2. Ecological Changes and the Way of Livelihood of the Bai Fishermen in Lake Erhai

The Bai way of livelihood consists of all the activities and actions of the different
individuals, groups or social members that are formed under social constraints and values in order
to meet individual living needs. It is another expression of the culture and is isomorphic to the
culture. The way of living is a framework of activities and actions (Marcel MAUSS, 2003).
Ecological changes in Lake Erhai can be divided into three ecological periods, at which fishermen
are face a change in their way of livelihood, and from which cultural features of the activities of

ecological environment protection of Lake Erhai are seen.

3 Research Institute for Humanity and Nature, Kyoto, Japan.
* The data are provided by the village committee in the Dajianpang Administrative Village, Shuanglang, Dali.
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2.1. Finding a Balance between Protecting the Ecology of Lake Erhai and Maintaining
the Traditional Way of Living of Bai Fishermen

At the phase between the 1950°s and 1970’s, the water quality of Lake Erhai was good
and there was abundant and diverse fish life. “It is seen from investigations and statistics made
after establishment of P.R.C that there were primarily 18 indigenous fish species in Lake Erhai
from 1952 to 1970, dominated by bow fish and swim-bladder fish.” (Cong YANG, 1986).
Ecologists studying Lake Erhai have stated out that, according to fish population density during
that period, the ecological system in Lake Erhai could be said to be in balance. The fish in shallow
water could be captured near the lake shore, and the deep-water dwelling fish could be captured by
sculling a boat offshore (Baohan DU, 2006). The water of Lake Erhai was very clear and drinkable,
and aquatic plants were abundant.

At this phase, the traditional way of living used by fishermen represents the early fishing
culture in Lake Erhai. Fishermen used the same fishing techniques and methods for generations.
Fishing tools were still fishing bags, fishing nets and traditional wooden boats. Fishing was
performed by individuals or families. Fishing was not restricted to certain times and areas. Some
fishermen erected a simple and temporary tent for fishing where they lived with basic daily
necessities for extended periods, while others went fishing very early in the morning and came
back home afterward each day.

The good ecological environment and rich fish resources at this phase required no
improvement of fishing techniques and methods and no restriction on acquisition of fish resources.
They could basically satisfy the daily expenditure of a traditional family. There was a relative

balance between ecological resources and fishing activities.

2.2. Ecological Changes in Lake Erhai, and Diversification and Evolution of the Way of
Living of Bai Fishermen

Limited resources at the period between the 1970’s and 1990’s had made an impact on
the traditional way of living, which manifested as fierce conflicts involving the aquatic resources
between the fishermen and the ecological environment, local farmers and even amongst fishermen
themselves.

The water quality of Lake Erhai began to deteriorate due to excessive exploitation of the
aquatic resources and increased water pollution since the 1970’s. Foreign fish brought artificially
into Lake Erhai increased the number of fish species to 30. The silverfish from Lake Taihu,
characterized by exclusiveness and predation of other fish, were introduced into Lake Erhai. Other
fish could be rarely captured in environments dominated by silverfish growth. Fishermen
recognized the high economic value of silverfish introduced successfully at this phase. Thus many
of them abandoned their previous methods of fishing with traditional wooden boats and used
motor boats for fishing. This spurred a great increase in motor boats. Diesel oil used as fuel for
motor boats became a primary source of pollution in Lake Erhai.

In early 1980’s, the traditional way of living of Bai fishermen was continually
challenged and impacted by changes of the ecological environment and living conditions, and

began to evolve and diversify. With both policy and economic stimulation, some fishermen began
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to develop preliminary agriculture such as land reclamation at the lake side, by growing crops,
pulling up fishing nets along Lake Erhai, and stocking fish fry for fish farming. The local villagers
engaged primarily in agriculture also took advantage of the more accessible fish culture and
resources. The disordered competition for fish resources between fishermen and agricultural
villagers resulted in increased numbers in fishermen, expanded fishing areas and a more
concentrated fish population in Lake Erhai.

The competition between fishermen led to difficulties on fishing. Fishermen started to
develop and design many new fishing techniques and methods such as “fine fishing nets, motor
boats, explosives, toxicants and electric shock” (Cong YANG, 1986). The tremendous increase in
fishing as well as the impact of these fishing tools and methods resulted in depletion of the fish
and shrimp larvae, which in turn led to ecological crises in Erhai Lake, as well as social and other

living challenges among competing fishermen.

2.3. Deterioration of the Ecological Environment in Lake Erhai and Transformation of
the Lifestyle of Bai Fishermen

The acquisition of fish resources restricted greatly by the changed eco-environment, and
the local government’s ecological policies since 1990’s, have led to a thorough transformation of
the fishermen’s way of living.

Between 1996 and 2003, the water quality of Lake Erhai deteriorated severely from two
periods of proliferation of blue-green algae, as well as industrial sewage from factories,
agricultural sewage from farmland and residential sewage, all of which flowed directly into Lake
Erhai without effective treatment. The lake began to be closed from February to September of
every year as restrictions were placed on fishing activities. The fishermen’s traditional way of
livelihood started to change due to the impact of local environmental protection policies in this
phase. Fishermen then again turned to the use of traditional fishing tools and methods in the 5
months period when the lake was open for fishing, because they could only expect a small catch of
fishing, which would not afford to such investment as motor boats and fine nets, due to
government fishing restrictions.

The fishermen in Daoyipang had more choices than those in other places. Quick
development of the local tourism industry made many fishermen give up their traditional way of
living. Some of them sold their land and some built lodges to provide private hotel services. All
villagers can get a substantial monetary bonus from tour income earned at Nanzhao Island, which
is a well-known local tourist destination.

Therefore, the original fishermen became environment protectors due to the
governmental regulations imposed on Lake Erhai. Most fishermen choose to work outside in the
lake closing period. In most cases they can only do physical labor with a low remuneration at the
workplace because of their lack of special skills. The fishermen’s way of living began to be

transformed due to the implementation of environmental protection policies in this phase.

3. Adaptation of Ecological Environment in Lake Erhai and Bai Ethnic Culture

Human populations living in different natural environments create ethnic cultures
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suitable to their environments during the process of material production, and cultural adaptation
occurs constantly over times and according ecological changes. Generally it is believed that the
ecological environment determines the way of living, which in turn determines lifestyle. In a
similar manner, after being formed and fixed to a custom, the lifestyle which was determined by
the ecological environment and way of living will then react to and influence those two factors
(Liuning LUO, 2004).

It should be noted that whereas the geographical and ecological environment is a living
space for various nationalities and cultures, harmonious relationships between humans and nature
have formed during the long adaptations and modifications and seen in traditional cultures. Thus
traditional culture plays the role of protecting the ecological environment and maintaining the
ecological balance and sustainable development. Without such balance, the way of living of an

ethnicity cannot last over a thousand years, as evidenced with the Bai.

3.1. Sustainability of Traditional Bai Culture through Modern Transformation

The discovery of the Baiyang Village ruins demonstrates that there was already a
farming culture system in Lake Erhai approximately 4,000 years ago (Lu ZHAO, 1992). A great
deal of literature and archaeological data prove that Lake Erhai had been the center of a settled
farming culture very early, where gathering, hunting and fishing was complementary to the way of
living. Thus, a number of traditional festivals of the Bai were derived from farming sacrifice in
Lake Erhai to reflect the original sense of the Water God of the Bai people and Bai Ancestor
worship and veneration of water. The time of Lake Ritual is closely related to farming seasons.
There is always a period after August of every Chinese calendar year, during which fish grow fast
and fish resources are rich. This is also the busiest fishing time of the year. The fishermen’s hopes
for a successful catch are shown through festival ceremony.

Because of the development of tourism in Lake Erhai and the combination of the lake
opening ceremony for fishing with the local traditional temple fair, the conventional lake fair has
been given a new significance and mission, giving rise to a new festival to exhibit the fishermen’s
traditional way of living and attract tourists called the Lake Opening Festival. The lake opening
festival represents the end of the period that prohibits fishermen from entering Lake Erhai for
fishing. During the lake opening festival, many traditional fishing methods are rebuilt as tour
programs and shown to tourists. The 1,000-year old hawk-fishing method is one of the primary
local tour programs. Most fishermen have given up feeding fishing hawks because the long lake
closing period makes hawk feeding costs higher, and only a few fishermen can afford to keep
hawks with their income made from the tourist hawk performance. It can also be seen that part of
the traditional culture re-emerges within the framework of tourism development and is preserved
in another form of culture. The modern transformation of the fishermen’s way of living through

inheritance and development has been given new features.
3.2. The Effect of Traditional Bai Eco-ethics on Human Ecological Behavior during

Ecological Environment Protection in Lake Erhai

Bai culture contains numerous examples of reverence for nature and the environment.
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They are presented in such ecology-related forms as their accumulated knowledge on ecology,
production systems established through environmental selection process and the forms of groups
in their society. This reverence plays an immeasurably important role in the protection of the
environment of Lake Erhai.

Bai villagers in Lake Erhai have a good custom of preventing the environment and rivers
from pollution. According to historical records, most rural conventions in Lake Erhai during the
period of the Ming and Qing dynasties, such as pine planting, mountain closing, forest protection,
water resource distribution and protection and river regulation, have been preserved in the form of
inscriptions. The rural conventions in Lake Erhai that are recorded in the form of inscriptions are
comprehensive and involve villagers’ daily life. They are characterized by a moral conduct code.
Most of the descriptions about ecological resources and environmental protection in rural
conventions made in the Ming Dynasty are aimed at water resource distribution and utilization.
The rural conventions since the Qing Dynasty are more characterized by the call for recovery and
protection of natural resources and the corresponding implementation of measures pertaining to
such, although water resource distribution and utilization is still a big event for local people
(Xiaoliang WU, 2012).

In the process of living based on traditionally natural fishing, usually a fisherman’s
family functions as a small fishing team that performs fishing duties and takes rests according to
fish growth periods and activities. The fish repopulation law is fully followed to effectively avoid
unrestricted and abusive fishing practices. During such period, the human consumption of fish is
less than natural fish growth, and is without artificial management, and the fishing activities do
not prevent fish growth. The priority on natural resource acquisition is determined by production
activities and attributes divided according to the land that a family has. Thus an imbalance
between those engaged in fishing and the fish population is effectively avoided. Through this
process it can be seen how the Bai villagers have adapted to the ecological environment in Lake
Erhai in a way that allows local villagers to coexist harmoniously with the ecology of Lake Erhai
for an extended time. Significant changes of the ecology of Lake Erhai in recent decades are
closely related to production and daily living activities performed by fishermen who have resided
around Lake Erhai for generations. The fishermen’s need for protection of the ecological
environment in Lake Erhai is extremely urgent. The need for protection of the ecological
environment can also contribute to social development and the fishermen’s way of living. In this
way, individuals and communities can willingly comply with fishing restrictions and change their
way of living during the lake closing period in order to reduce human dependence on ecological

resources in Lake Erhai.

4. Conclusion

The Bai fishing culture area where the Bai culture is dominant has been formed in Lake
Erhai because of a sharing of living domain, ethnic theme and production tools and techniques.
The function of the Bai fishing culture area is to foster sustainable and comprehensive
development of the people with homogenous culture characteristics within the framework of

protection of the ecological environment. A deeper understanding of the fishermen’s living and
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lifestyles can improve the effectiveness of ecological policies during implementation.

Changes in the ecological environment resulted in changes in the way of livelihood and
adaptation of culture. The harmonious development of humans and nature is achieved through
interaction with such factors. Changes in the ecological environment caused changes in some
cultural elements. An ethnic-adaptive framework addressing the natural ecology is created through
adaptation of the culture to the ecological environment. Such architecture covers daily habits,
ways of living, conventions and religious beliefs, and a conscious protection of the environment
within the ethnic group. It presents the eco-ethic wisdom of a minority ethnicity’s way of living
and objectively plays the role of environment protection. This also presents a case of strong
cultural adaptation to environmental protection measures in Lake Erhai, which differs from

environmental protection issues in other regions.
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Development of Conventional Symbiotic Systems and Sustainability of Lake
Preservation as Observed with Life on the Water

Ping YANG!

1. Introduction
There is a native culture in lakes communities all over the world, and it is inherited as
unique to each lake. An infinite variety of activities in people’s livelihood relate to the future of

>

the lake. However, as suggested by the term, “Mother Lake,” used in Japan and China, it is
possible to identify a general sentiment in the hearts of the people “to hand over a lake to the next
generation that they wish for.”

By what mechanism, then, can the sustainable maintenance of a lake be made possible,
and where can one find the pillar that supports such sustainable maintenance? In this study, we
hope to investigate the details of these common issues related to lakes through an examination of

“life on the water.”

2. Preservation of lake and livelihood

In Lake Biwa, in Japan, and Lake Taihu, in China, various trial-and-error attempts at
preserving the natural landscape have been made, ranging from the general development of the
water environment, such as irrigation, flood control, and breakwater constructions of the past, to
the lake environment regeneration that is about to start. In order to plan for the environmental
preservation of lakes and for regional revitalization, various measures have been implemented by
the government and residents, which have respectively produced results. Thus, up to the present
time, not only the enforcement of government policies, but also the life and livelihood of the
region’s residents have closely influenced the development of the lake environments. In addition,
in the lake, various regionally specific “experiences” that correspond to people’s lives and
livelihood have been accumulated.

In recent years, there have been an increased number of discussions about contributing
to the preservation of the lake environment by leveraging such regional original “experience” and
“culture.” In the field of Japanese environmental folklore, multiple approaches focus on people’s
livelihood and occupation, and studies are undertaken that take a wide view of the relationship
between people and the environment. For instance, Yutaka Suga reexamined the diversity of
“waterfront” resources and occupational activities, and discussed human activities in a waterfront
environment (SUGA:1990). There are also many research results on the relationship of people,
lakes, and water environments (TORIGOE:1993, KADA:1984, DEGUCHI:1994, WANG:2007).
On the other hand, in much of the past research related to the environmental problems of Lake
Taihu in China, the discussion centered on problem resolution through central governance policies
and modern techniques, maintenance of the waterfront environment as a cultural landscape, and so

on.

1 Lake Biwa Museum
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However, these do not address the question of how the people who actually live at the
scene are being involved with the lake while the environment of Lake Taihu and the surrounding
waters is being transformed. Their livelihoods at the scene are considered as outstanding
environmental problems related to the lake, including such issues as the mechanisms through
which they impact the lake. The efforts promoted by the government and by outsiders to leverage
the lake as an environmental resource widely reflect conventional public interest thinking.
Consequently, it is possible that lake preservation conflicts with the livelihood and occupational
activities of the people living there. Therefore, in order to solve these problems, it is becoming
more and more important to consider both the lake and the daily activities of the people living
there, and to make lake preservation policy pervasive in all the regions. Hence, it is necessary to
clarify this after looking at the daily life of those who utilizes the environment related to the lake.

In the next section, the example of the waterfront community at Lake Taihu in China is
presented with a focus on the lake and the daily routines of the people living there, and an attempt
is made to find the logic applicable for future lake preservation efforts based on the “experience”

gained from the daily activities at the site.

3. Living with the lake
3.1. Community on the water

In Lake Taihu in China, there have long been people who make their living through
fishing in the lake. There is an old saying that says, “The fisherman inherits nine to ten
generations.” It indicates that the culture of living with the lake has been inherited over
generations. People who make a living from the lake usually use wooden boats—different from
those used for residence—for fishing in the lake and its surrounding waters (here, we call them
“residents on the water”). The residents on the water in Lake Taihu have been fishermen who earn
their living exclusively through fishing activities and who have lived together anchored in the lake
or the shores of rivers since long ago.

The residents on the water are divided into groups according to the variety of fish they
catch, such as shrimps, grass carps, carps, and silver carps. Typically, they go out from the shore
before sunrise and each do their fishing on their own fishing grounds. The fishing activities are
done mainly by the men, whereas the servicing of the fishing tools is mainly done with the
assistance of women.

The residents on the water do not move about on the water with their boats for purposes
other than fishing. Usually, a number of boats are anchored together at a specific spot near the
lakeshore, and it has long been common for them to live as a group. This group life that has
developed on the waterfront is called a “community on the water.” These communities on the
water are made up of anywhere from a few to a few hundred households, and the communities are
operated and managed by the different organizations based on the types of fish they catch.

In between their fishing activities, the residents on the water make a living from the
waterfront space around these types of communities on the water raising small fish and ducks,
planting reeds, and growing vegetables in the small patches of land near the shore. Plants such as

water chestnuts become feed for the small fish; the small fish become feed for the ducks; and the

34



ducks, finally, become a source of food for the people. In addition, it is said that it has become a
custom to protect and raise the reeds for use as fuel for cooking rice. As mentioned by residents on
the water living with the lake for many years, “it is important that the limited resources are used

without waste and are recycled.”

3.2. Living on the water and natural disasters

The city of Wuxi, located in the northern part of Lake Taihu, suffered damages from the
typhoons in 1990s and the flood disaster of 1991. More than half of the surrounding villages were
flooded, 40,000 houses were destroyed, and 360,000 people were forced out of their hometowns
(Wuxi Municipal Government:1992). In addition, following the flood damages incurred in 1991,
flooding occurred in the summer of 1999, during which the maximum water level of the lake was
recorded at 5.08 m, which surpassed that of 1991 (WU:2000). In reaction to these natural disasters,
disaster prevention standards were established for the Lake Taihu basin, and countermeasures
were set up, such as drainage works for the rivers flowing into the lake (Wuxi Municipal
Government:1992). Moreover, with the urban development around the lake, dams were
constructed to control the water level of the lake and to prevent sewage from the city from flowing
into the lake. In the area surrounding the community on the water “K”?, located in the northern
shore of the lake, lakeshore roads and bridges were constructed in 2003. Natural disaster weighs
heavily on the residents on the water living near the lakeshore, as well as on the people living on
the land. Typically, natural disasters such as flooding are thought of as the main threat stemming
from the lake. What types of hardship could the residents on the water experience from the lake?

The saying “the Lake is everything” gives some insight into the lives of the residents on
the water. The residents on the water who make their living through fishing say, “we have to deal
with the lake whether it is calm or unforgiving, and no matter what condition the lake is in, we
have to live with it.” These residents also say, “we live next door to disaster,” and “it is necessary
to make ourselves accustomed to it on a daily basis." Given this, how do the residents on the water
routinely cope? We shall investigate this by examining the efforts of the community on the water
“K”.

The community on the water K is located on a part of the lakeshore where typhoons and
flooding occur frequently. Among the natural disasters, it is more sensitive to typhoons than to
flooding. When living on the water, it is necessary to tie down the residential boats and the fishing
boats during a typhoon, as well as the fishing and boat anchorage areas, depending on the winds. It
is obvious that no one must going out fishing during a typhoon or when there are strong winds, but
ropes must also be used to tie and lock each household’s residential boats together. In addition,
residents can seek shelter from other group members by moving to the shores or to small rivers
where winds are relatively weaker. That common shelter area is sometimes selected in a river
relatively near the lake so that they can easily go out to fish, which indicates their choices revolve
around fishing and avoid risks accompanying a disaster.

In addition, as shown in picture 1, there are patches of reeds planted on both sides of the

2 The details of this research are based on the hearing surveys of the fishermen (residents on the water)
of the referenced location from 2010 to 2011.
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community’s site. When asked about this, they say, “It’s been there since our ancestors,” and they
have been taking care of it from generation to generation. It is a shared asset of the residents on
the water. The residents on the water use the reeds not only as materials for fishing tools, roofing
on the residential boats, and fuel for cooking, but also as protection against winds and disasters.
They frequently mention, “The natural defense against disasters is the everyday group work and
maintenance activities.” This example shows what preventive measures are taken against

“disasters.”

picture 1

4. Blessing from Lake and Daily Activities for Preservation

The residents on the water have traditionally depended on Lake Taihu and its
surrounding rivers as the domestic water resources for their living and occupation. Water used for
drinking and fishing is drawn offshore and stored in a container, such as a barrel, where it is kept
in the residential boat. Water for laundry and other daily use is drawn from the side of the
anchored boat.

Compared to those living on the shores of the lake, the residents on the water who live
near river shores encounter less difficulties launching and docking their boats. Since they draw
their water for daily usage from the anchorage area, they regularly scoop up the dirt from the river
and take out the waterweeds, a custom that they have inherited from the past. In the community on
the water “D”3, which is formed on the shore of the river flowing into the lake, residents take out
the river dirt, waterweeds, and water-blooms even today. They individually perform this activity
mainly between spring and summer near their residential boats, or regularly as respective fishing

groups during the fishing off-season.

3 ) The details regarding the referenced location is based on the hearing surveys of the fishermen of the
referenced location conducted mainly from 2010 to 2011.
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In this community “D”, a common well was dug in 2003, and they were able to use the
well as a main water source. In addition, residents on the water in each livelihood organization
were able to use the underground water from the lakeshores using pumps. However, even after
gaining access to the well water, it was confirmed through a hearing survey that they still took out
the dirt and the waterweeds as they did before. When asked about the water usage, they say that up
to then, they had relied on the lake water not only for fishing, but also for all of their domestic
use.

Formerly, the lake water immediately under the anchored ship was not only used to
fulfill domestic needs, but as storage for shrimps and fish they had caught. As fishermen, it is
crucial for the residents on the water to immediately store the fish and shrimps caught on that day
in the lake water upon returning from the fishing ground. In particular, they say that quickly
transferring Japanese glass shrimps into a barrel of clean water helps to preserve their freshness.

Also, the women often remarked, “When we did the laundry, the water was so clear that
we were able to see the small fish and shrimps swim on the side of the boat, and even count the
pond snails.” Especially in the summer, they swam in the river after the waterweeds and dirt had
been taken out, and often took home the shrimps they caught by hand for eating. These types of
examples demonstrate the residents’ strong sentiment toward the water.

Residents on the water made statements such as, “the lake water can be used for people
and fish;” “the lake water protects people, fish, and shrimps;” “the water is place of daily
activities;” and “do not contaminate.” However, when asked, “What have you done to clean the
lake water?” They made no particular mention of such activities as taking out the dirt, waterweeds,
and water-blooms from the rivers, or developing the reed patches. In recent years, despite the fact
that environmental problems such as large outbreaks of water-blooms and waterweeds in Lake Tai
remain unsolved, few residents on the water currently engage in maintenance activities related to
the lake. However, from the point of view of the residents on the water who have lived with the
lake for generations, actually cleaning the lake and river environments may seem like a longer

journey.

5. Source of lake preservation

I have explained how the community on the water uses the waterfront space, provided
details on the daily activities aimed at disaster prevention, and detailed the perception and the
activities for preserving the water environment in their daily lives. The common threads are that
the lake and river come into close contact with people in daily living, and that nature is gradually
incorporated into daily activities. In other words, the relationship between the residents on the
water and nature is not one of maintaining nature itself; instead, it involves executing constant
maintenance by responding to their living style at the site.

There exist two symbiotic systems in the life on the water. One centers on the recycled
use of nature, which applies to plants and living things. The other is the maintenance of a daily
lifestyle in which nature is closely and continuously involved in the lives and occupational
activities of residents. This can be viewed as the result of the accumulation of knowledge by the

residents on the water over many years of living with the lake.
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For the residents on the water, the lake and rivers are the places of their daily lives and
occupational activities; they have a thorough knowledge of them. However, they may fail to
appreciate a fundamental aspect of the activities related to their livelihoods, that these activities
help clean the lake. Although it is difficult to conclude the degree to which the lake should be
cleaned, that task is a part of the daily lives of those who live with the lake. The mechanism of the
usage of nature that forms part of their daily lives has been preserved as a method of securing
livelihood. Furthermore, it can be said that the continuity of these mechanisms have gradually led
to the protection of the lake, the actual site of living. The diverse elements that have made up life
on the water for generations provide clues about current lake preservation approaches. With regard
to the policy aimed at making lake environment preservation sustainable, the answer may be found

in the very lives of the people living there.
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Figure 2 Distribution of malaria patients (village wise)
and land use (Lowland paddy, Swamp, Inner lake) of shiga prefecture in 1926

Source: Naimusho Eiseikyoku (1928)
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Figure 4 Number of malaria patients in shiga prefecture by district wise, 1926-1953

Source: Kobayashi (1955)
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Environmental Changes in the Lakeside Regions of Japan
and the Health Problems of the Residents
— Lake Biwa Hikone Malaria (1920 to 1950) —

Tomo ICHIKAWA! and Bumpei TOJO?

1. Introduction

This research investigates the relationship of the outbreak of malaria in the regions around
Lake Biwa just after the end of World War II mainly with the changes in the environment.

It is a well-known fact that the moats of castles were one of the factors for the outbreak
of malaria in Hikone just after the end of World War II (The Shiga Prefecture History Editing
Committee: 1981, TANAKA: 2009). The Hikone Castle was constructed by the Ii family in the
early 1600’s, and is surrounded by triple waterways - the inner moat, middle moat, and outer moat.
The surface of the water in these moats became the habitat of the mosquitoes that transmitted
malaria and was believed to be the background for the city residents to contract the disease. In this
study, we are focusing on how the malaria outbreak related to the changes of a residential
environment in the Shiga prefecture’s lakeside regions. The data used to analyze are 1) government
publications, newspaper materials, etc., 2) statistical information and 3) geographical information

(topographic maps, aerial photos, satellite images).

2. Indigenous malaria in Japan

Generally, the image of malaria is that of infectious disease of the tropics or subtropics.
For instance, for the areas that are directly related to Japan in the historic context, we can list the
Ryukyu/Okinawa and Taiwan during the colony period as the major infected areas before and after
the war. Both regions belong to the subtropics, and anti-malaria measure was one of the most
important issues in the course of modernization (IIJIMA: 2005).

However, in reality, malaria was distributed widely across many parts of the Japanese
islands. This infection can be divided into four groups according to the types of protozoans that
cause the disease. In many parts of Japan, relatively benign (low fatality rate) tertian malaria was
observed to be transmitted through Shinahamadaraka (Anopheles sinensis). Therefore, this disease
was called “Okori” (ague), an endemic or local disease that came to be perceived as a region-
specific problem.

Shinahamadaraka tends to breed in slowly flowing clear water surface (e.g., rice paddies
or shallow pool of water). It was pointed out that in Hikone city, the triple moats which enclosed
Hikone Castle and its surrounding castle town were the incubation place for the transmitting
mosquitoes, and was contaminated heavily with malaria. However, judging only from the statistical
data, the outbreak of malaria was more widespread and it is possible that it was a phenomenon that

was influenced by macro environmental conditions.

1 Institute of Tropical Medicine, Nagasaki University
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In prewar Japan, there was a large scale survey conducted around 1910 and in 1926, and
the results confirmed that almost all the regions in the Japanese islands had outbreaks of malaria
(Ministry of Home Affairs, Health and Medical Bureau: 1919, the same: 1928). In the 1910’s, the
malaria infection data are tabulated in the prefecture statistics document, but in the case of Shiga
prefecture, they are based on hospital admission records grouped by counties and it is difficult to
grasp the full picture (Shiga prefecture: 1917). The Shiga Prefecture Malaria Prevention
Investigation Committee was established in March of 1926, and a full-scale investigation was
conducted. It can be confirmed from the endemic disease investigation in Shiga prefecture in 1926,
that malaria was widespread around the Lake Biwa regions (Ministry of Home Affairs, Health and
Medical Bureau: 1928).

After the war, outbreaks of malaria continued up to the beginning of 1950’s in five
prefectures - Toyama, Ishikawa, Fukui, Aichi, and Shiga. Compared to other regions, the number
of infections is high for the lakesides of Shiga prefecture, and a number of measures were taken
from the prewar days such as the implementation of malaria prevention-and-eradication campaign
week. Also in the end of 1940’s, outbreaks of malaria were concentrated in Shiga prefecture and it

became the focus of postwar medical and health reform (Figure 1).

Patients

12004

10000
8000 Shiga
6000 Fukui

4000 T T .n.“a.lﬂl'li

2000 == =+« Toyama

sesavnr [chikawa

Figure 1 Number of malaria patients in 5 prefectures, 1925-1955
Source : Kobayashi (1955)

3. Eradication project by Hikone Malaria Research Center

As shown above, the Hikone malaria became a problem after the war. In June of 1948,
the Hikone Anti-malaria Committee was established, and in January of the following year the Anti-
malaria Eradication Meeting was held in Shiga prefecture office. It is surmised that in the
background, the Hikone anti-malaria measure was included in the sanitation project by the GHQ
(General Headquarters, the Supreme Commander for the Allied Powers) and was recommended to
the Japanese side. Then, Hikone city established Hikone Malaria Research Center in June of 1949,
placed Hiromu Kobayashi (1916 — 1991), a local practicing physician and the son of the mayor,

who graduated from Nagasaki Medical School, as the head of the center and the manager of
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sanitation of the city, and started the anti-malaria research and investigation project (Kobayashi:
1952). One of the people who played a decisive role at this time was the advisor to the research
center, Kaoru Morishita (1896 — 1978, Professor of Osaka University, Microbial Disease Research
Center). Morishita, who was a professor in the Department of Parasitology at Taipei Imperial
University Medical School before the war, directed the anti-malaria policy for Taiwan. It has
become clear, concerning the anti-malaria methodologies, that Morishita traditionally stressed the
control of mosquitoes through environmental modification (KU: 2004). However, the measure
taken in Taiwan focused on such activities as the protozoan screening of the residents, a people
oriented one. The fact that Morishita was deeply involved in the postwar Hikone anti-malaria
measure shows that there was a continued discussion concerning the countermeasure methodologies
such as whether to implement the environmental modification with focus on anti-mosquito
measures or to monitor the daily activities of the residents to reduce the contacts with the protozoan
and mosquitoes.

The eradication program by the Hikone Malaria Research Center can be divided broadly
into four categories: 1) the study of the distribution of the malaria transmitting mosquitoes, 2) DDT
spraying, 3) sanitary construction projects and 4) educational publicity to the local residents. First,
for the transmitting mosquitoes study (category 1), the verification was performed on the ecology
of Shinahamadara mosquito larvae right after the establishment of the research center, for each of
the inner, middle, and outer moat areas. As a result, the vicinity of Rakurakuen, the Japanese
traditional garden with some ponds, located on the northern side of the castle, the parts of the
middle and outer moats of Gokoku Shrine were found to be heavily infested habitats. The Hikone
anti-malaria measure was carried out based on this information (KOBAYASHI: 1955).

Hikone Malaria Research Center focused most of its efforts on 3) sanitary construction
project. The moats of Hikone Castle and the surrounding wetlands were decided to be reclaimed
according to the First 5-year Plan, from 1949 to 1953, and the Second 5-year Plan, from 1954 to
1958. Above all, the reclamation of the wetlands located on the northern side of the castle and
repair works for the moats were discussed as the important issues for the anti-malaria measure.
Between these two, the wetlands were mostly reclaimed through the First 5-year Plan. At the time,
there was a plan to construct an amusement park on the reclaimed site but was later changed and a
public park (current Konki Park) was constructed. Also, the repair work for the moats was executed
through the First and the Second 5-year Plan, and ultimately the canalization based on concrete was
completed. In addition, the extermination of the transmitting mosquitoes and the larvae through 2)
DDT and insecticide spraying, and 4) awareness program to the local residents through movies,
eradication campaign week, and others were executed. As a result of these countermeasure projects,
the number of infected individuals was reduced to zero in 1954, and the Hikone Malaria Research
Center closed its doors in January of 1956 (KOBAYASHI: 1960, TANAKA: 2009).

The countermeasure implemented by Hikone Malaria Research Center put emphasis on
the sanitary construction projects to modify the environment. Surely, the method of studying the
mosquito distribution and reclaiming the watered areas sounds convincing. However, it is
noteworthy that the actual area that was reclaimed was the wetland on the northern side of Hikone

Castle only and the other moats were left as is even though the ecology of the transmitting
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mosquitoes was confirmed. Then, can it be said that the reclamation project resulted in the actual
extinction of malaria? Some of the various news media at the time reported a successful eradication
of malaria simultaneously with the publication of the educational book Malaria Guidebook and the
start of reclamation of the wetlands, indicating that there were some exaggerations of such results
(Shiga Newspaper, April 6, 1950). Thus, it is unreasonable to think that the extinction of this disease

was the only result of programs of Hikone Malaria Research Center.

4. The spatial distribution of the outbreak of malaria infection and the effect of the
environmental modification on its trend

As shown thus far, the indigenous malaria in Japan infected more individuals especially
in Shiga prefecture compared to other regions, and moreover, because the outbreak concentrated in
1940’s, it became the focus of postwar health and medical reform. In Hikone city, located on the
east coast of Lake Biwa, the moats that surrounded Hikone Castle and the castle town around it
became a hatchery for the transmitting mosquitoes and they are said to be an especially heavily
infested malaria region in the prefecture. On the other hand, the statistical data suggested that the
malaria outbreak was more widespread and possibly was a phenomenon related to macro
geographical conditions.

Figure 2 is a comparison of the two spatial distributions, the geographical environments
such as rice paddies, shallow water regions (lakelets), muddy rice fields in the year 1920, digitized
from topographic map (scale of 50,000:1) and the patient incidence rate by villages constructed
from statistical data (Ministry of Home Affairs, Health and Medical Bureau: 1928). From this figure,
it can be seen that the malaria infection distribution (per population of 1,000) in the year 1926 for
the lakeside region is spatially quite heterogeneously, and there are high correlations between 1)
the distribution of regions above a certain level of infected individuals (over 50 per 1000) and the
distribution of rice paddy regions, and 2) the distribution of the shallow water regions such as the
lakelets and the distribution of infection outbreak hotspots.

Figure 3 is the comparative result of the distribution of lakelets near the lakeside in the
two periods, the year 1926 and 1947. It can be verified that the environment of the shallow water
regions such as the lakelets in the year 1926 has mostly disappeared through reclamation by 1947,
except for the lakeside part between Hikone city (formerly Inukami county) and Gamo county.
Furthermore, the figure 4 shows the spatial distribution of the malaria infected individuals in the
lakeside region during 1926 to 1953 period. In the year 1926 when malaria was most rampant in
Shiga prefecture, the number of malaria infected individuals easily surpassed 10,000 people in the
whole prefecture, and the hotspots of the distribution were more at the northern lakeside region
(Nagahama city and north, in the east shore) and the southern tip of the east shore (Yasu city) than
Hikone district. The distribution contracted to one that centered upon Hikone city (however, the
total incidences were reduced to 1/5) by 1947, and the disease has become nearly extinct in the

whole prefecture by 1953.
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Figure 2 Distribution of malaria patient incident rate by villages and geographical environments (Rice paddies,
Swamp, Lakelets) of shiga prefecture in 1926
Source: Ministry of Home Affairs, Health and Medical Bureau (1928)
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Figure 3 Distribution of shallow water area, 1920-1947
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Figure 4 Malaria patient incident rate by districts in shiga prefecture, 1926-1953
Source: Kobayashi (1955)

5. Summary and conclusion

It has become clear, through the spatial transparency of the statistical information, that
the total number and distribution of the indigenous malaria infected individuals showed a major
change in the period between 1920°s and 1950’s. It has become clear that in the background of these
change, the progressive large scale reduction of the lakeside shallow water regions through the
reclamation of the lakelets (converted to rice paddies) caused the breeding grounds of the malaria
transmitting mosquitoes to disappear in macro scale.

The postwar outbreak of malaria in Hikone city which was considered to be a social
problem, was actually a condition that is remnants of the widespread and heavy outbreaks of malaria
observed in prewar times, and such sanitary construction projects as the ones performed by Hikone
Malaria Research Center cannot be said to have resulted in malaria eradication by themselves alone.
The impact of the moats filling of Hikone Castle and the wetland reclamation cannot be ignored if
only confined to within the city center. On the other hand, however, we have to say that the role
they played on the scale of the whole lakeside regions might have been exceedingly small.

As seen by the widespread lakelets in the former lakeside regions, people’s residences
and living spaces were surrounded by the shallow water regions. As time passed by, a large scale
environmental modification of the lakeside has been executed, and people’s residences and living
spaces have become separated from the water regions. Concerning the evaluation of the postwar
malaria eradication activities in Hikone, keeping in mind that the indigenous malaria in the whole
lakeside regions was in the course of being eradicated as a result of the above mentioned
environmental modifications, it should be interpreted that the Research Center’s activities gave the

one last strong push.
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Impact of Human Activities on the Water Environment of Lake Taihu Watershed
and Solutions for Environmental Problems

Aimin HAO !, Takahiro KUBA %, Yasushi ISERI?® Zhenjia ZHANG #, Chunjie LI *

1. Introduction

In recent years, rapid economic development has caused water pollution, which has led
to serious eutrophication problems of lakes and marshes. China's Lake Taihu has become a
symbol of the deteriorating lake environment in the country. Every summer, huge mass of algal
bloom appears in the lake and this has become a big obstacle for the lake to act as the resource for
clean water supply, fishery, and tourism, as well as to allow water transportation and help improve
the lake's ecosystem. In this study, in order to draw out a plan to protect the water environment
of Lake Taihu watershed and improve its sustainability, we studied the transitions of the water
environment, conducted water quality survey, and examined the effect factors of water
environment. Furthermore, based on their results, we proposed a new type of water purifying
system called "Eco-Engineering Dam," and conducted an evaluation on its effect on aquatic

environment within Taihu Lake Basin and forecasted its application feasibility in future.

2. Brief overview of Lake Taihu watershed
2.1. Natural environment

Lake Taihu watershed is located at the center of Yangtze River delta at 119°08 to
121°55" east longitude, 30°05" to 32°08' north latitude. It stretches across Jiangsu Province,
Zhejiang Province, Anhui Province and Shanghai City and takes up an area of 36,895 square
kilometers, of which 52.6% belongs to Jiangsu Province, 32.8% to Zhejiang Province, 14.0% to
Shanghai City and 0.6% to Anhui Province. The watershed has a monsoon climate with average
annual temperatures of 15 to 17°C, annual rainfall of 1,177mm, and annual evaporation of 822mm.
It is dry and cold in the winter, hot and humid in the summer, and 60% of its total annual rainfall
is concentrated during May ~September. The watershed has a landscape that is high in the West
and low in the East, and is separated between flat plains and mountainous regions. Altitudes of
the mountainous region in the West are anywhere in the range of 300~700 meters, and these
mountains form the water supply area for Lake Taihu and takes up 25% of the entire watershed
area. Flat plains take up 75% of the watershed area, forming a basin where the rim is high and the
central area is low in altitude. Lake Taihu is located at the center of the flat plains.  Altitudes of
the Eastern region are of 2 to 4 meters, and the central part is about 2 meters. The water of Lake
Taihu flows from Suzhou to East China Sea via Shanghai. Water system consists of rivers, lakes

and dams, and the total length of river channel is 120,000 km, density is 3.3 km-km and average
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storage capacity is 4.72 billion m? (CUI: 2009; ZHENG: 2009).

Taihu is 2,338 km? (about 3.5 times that of Lake Biwa), maximum water depth is 2.6 m, average

Area of the surface of Lake

water depth is 1.89 m, lake perimeter is 436 km, amount of influent quantity per year is 5.2 billion

3

m’. Lake Taihu plays an important role in adjusting the water channel, and maintaining water

and ecological system within the watershed (ZHENG: 2009)

2.2 Social
transition

and economic situation and characteristics of water environment

Lake Taihu watershed is at a geographically important location, and has some precious

natural environment and historical culture. It also holds some characteristics, which are

beneficial to the region's economic development, making it one of the regions in China where
level of industrialization and urbanization is the highest. Until 1950s, quality of water in Lake
Taihu watershed was fine. However, after 1980, along with the rapid economic development and
concentration of population due to urbanization of the watershed area, human activities have
posed various negative impacts on the quality of water. The lake's eutrophication caused by the

declining quality of water is becoming serious.
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Figure 4 Annual average of TP concentration




Figure 1 and Figure 2 show the demographic changes in the Lake Taihu watershed
during the past 30 years and 2005 GDP, respectively. From 1980 to 2008, population in the
watershed increased 1.6 times from 31,690,000 to 49,770,000, and urbanization rate reached to
70% by 2005. GDP within the watershed reached to 21,221 yuan, accounting forl1.6% of the
entire country's GDP. GDP per single person reached to 47,000 yuan, which is 3.4 times the
country's average. Among different locations, Shanghai City's GDP was the highest at
approximately 1 trillion yuan, followed by Jiangsu Province.

Because Lake Taihu is an open lake where waters from the surrounding area all flow in,
impact of human activities on the water and land resources eventually effects the water quality of
Lake Taihu as well (HUANG: 2008) Figure 3 and Figure 4 show the changes in annual average
concentration of total phosphorous (TP) and annual average concentration of total nitrogen (TN)
in Lake Taihu from 1980 to 2008. Between 1980 and 2008, annual average concentration level of
TN in Lake Taihu rose approximately four times from 0.65 mg-L-' to 2.42 mg-L", and annual
average concentration of TP more than doubled from 0.03 mg-L-! to 0.07 mg-L-! (QIN: 2007)
Water quality of Lake Taihu is known to have gone through historical changes described as
follows: "In the 50s the water can be used to wash rice and vegetables"; "In the 60s the water can
be used to wash clothing"; "In the 70s the water quality began to change"; "In the 80s fishes
started to disappear"; "In the 90s the water was polluted." The water quality of Lake Taihu,
therefore, was already known to have deteriorated to a serious level (HUANG: 2008). Although
recently, measures to lower contamination load and clean up algal blooms are being conducted,
eutrophication has continued to worsen every year, and we have not yet seen any improvement in
water quality (ZHENG: 2009; GU: 2011).

3. Water quality survey on Lake Taihu
3.1. Selection of water and land area for the survey

East Taihu Lake is at the southeast of Lake Taihu. Its length is 27.5 km, maximum
width is 9.0 km, the entire water area is 131 km?, and average depth is 1.2 m. It is a bay with
many aquatic plants. (Figure 5, left) Meiliang Bay is in the north part of Lake Taihu. Its water
surface area is 124 km? and average depth is 1.5 m. It is also a bay with algae bloom. At Lake
Taihu, southeastern winds are common especially in the summer. Because of this, materials that
float on the surface of Lake Taihu all flow toward Meiliang Bay, triggering serious problem of
accumulated algal bloom in the water. (Figure 5, center) On the other hand, population is less
concentrated on the west coast of the lake. However, because there are many forests and
farmland in the area, water contamination of feeder rivers due to overfertilization has become
serious, and the ecological system is starting to be destroyed.

The survey was conducted at East Taihu Lake, Meiliang Bay and the west coast of Lake
Taihu at various spots indicated in Figure 6. During July 26 ~ 30, 2011, the survey was
conducted at 17 spots from E1-E17 at East Lake Taihu; 20 spots from M1-M20 at Meiliang Bay

and 5 spots from T1-T5 at the mouth of some major feeder rivers in the west coast.

67



Figure 5. Survey site at Lake Taihu

(Left: East Taihu Lake; Middle: Meiliang Bay; Right: West coast River)

3.2. Method of survey and analysis

Survey on water quality was done by using a multi-parameter water quality meter
(Hydrolab Logger DS5X). At each spots shown in Figure 6, the water temperature, pH, DO,
Chlorophyll a (Chl.a), EC, and turbidity were measured at 10 cm intervals toward the direction of
water depth. Meanwhile, surface water (0.1m) was collected at each spot using Heyroth water
sampler (250 mL) for analysis of nutrient salts. The collected water samples were analyzed for
TN using ultraviolet spectrophotometry and TP using spectrophotometry (State Environmental

Protection Administration 2002).

4. Results and discussion
Figure 7 (a)-(f) and Figure8
(a)-(f) show the planar distribution of

—__ ,
Liangxi | O wuxi E120° 30"

water quality for surface water and
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Meiliang Bay

(M1-M20)

Meiliang Bay survey sites. Since the

survey was conducted in July, the water
temperature (a) at every survey site
marked above 30°C. At one spot near
the coast of Meiliang Bay, the
temperature reached to around 34°C, and

algal blooms were evident in spots that O Chang

. . (N31° 007 xi
marked high temperature readings. e

‘Waulou Harbor

Because high water temperature is a ® Survey sites

condition unsuited for the growth of U

many phytoplankton, this may be a
reason for the high-temperature-tolerant Figure 6 Survey sites at Lake Taihu

algae to dominate the waters.
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Figure 7 (a)-(f) Planar distribution of water quality for surface water and

bottom water at East Taihu Lake survey sites.

Levels of pH(b) were in the range of 8.0~9.8 and the water were generally alkaline.
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Figure 8 (a)-(f) Planar distribution of water quality for surface water and

bottom water at Meiliang Bay survey sites.

When soluble carbon dioxide gas in the water runs out while the pH level is rising, growth of
general aquatic plants and phytoplankton becomes limited (WATANABE : 2002). Since
Microcystis can utilize bicarbonate ion in addition to soluble carbon dioxide gas (WATANABE :
2002), it is likely that alkaline water environment becomes a cause for Microcystis to dominate
over aquatic plants and phytoplankton.

Levels of DO(c) for East Taihu Lake were 5.8~10.8 mg-L!, and 0.1~12.5 mg-L"" for
Meiliang Bay. At Meiliang Bay, level of DO was 0.1 mg-L!, and some spots were in serious
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dysoxic condition. Considering this, the water environment has become a place that is difficult
for any living matter in the water to survive.

Levels of Chl.a(d) at East Taihu Lake were 2.3 to 20.5 pg-L-!, and there were some spots
that showed high readings. At Meiliang Bay, the levels were 4.4 to 9.6 pg-L', and the readings
were generally the same between different spots. Chl.a is an important parameter because it
reflects the eutrophication of Lake Taihu (QIAN:2009) . Although local concentration of Chl.a
tended to become high at places with high concentration of algae, considering the average
concentration of the entire watershed, the concentration levels came out relatively high at 9.8
pg-L-'for East Taihu Lake, where there were less concentration of algae, and 5.8 pg-L-'for
Meiliang Bay. This is because at Meiliang Bay, algal bloom is what influences the concentration
of Chl.a, whereas at East Taihu Lake, it is the aquatic plants and a wide variety of phytoplankton,
including green algae that influence the concentration of Chl.a.

EC(e) values were high at all survey sites, which is likely to be due to geographic or
man-induced causes. Turbidity at East Taihu Lake were 28 to 60 NTU, whereas at Meiliang Bay,
the levels tended to be high at 68 to 169 NTU. Turbidity tended to be high at Meiliang Bay,
where in some spots, the levels were as high as several tens of times the level at East Taihu Lake.
During site observation at Meiliang Bay, we were able to confirm inflow of turbid water from the

watershed and a phenomenon where the mud at the bottom of the lake is disturbed by wind waves.
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Figure 9 Distribution of TN and TP at survey sites.

Figure 9(g)-(h) shows the results of analysis on TN and TP of surface water taken at
each survey site at East Taihu Lake, Meiliang Bay and Lake Taihu's west coast. Of the numerical
values indicated in the figure, those for East Taihu Lake and Meiliang Bay are the maximum and
minimum values observed within the watershed. Values for TN(g) and TP(h) were 0.93 to 23.52
mg-L!, and 0.04 to 2.03 mg L' respectively. These values were considerably high in general
compared to the baselines of 0.2 mg'L!' for TN concentration and 0.02 mg-L' for TP
concentration, which are the levels that cause eutrophication in general, (CUI: 2009) . At East
Taihu Lake, TN values were 1.19 to 3.58 mg-L-!, which is 6~18 times the baseline (0.2 mg-L!)
and TP values were 0.04 to 0.15 mg-L-!, which is 2 to 7.5 times the baseline (0.02 mg-L""). In

contrast, however, at Meiliang Bay and the west coast, concentration of TN and TP were
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considerably high at 70 times the baseline for TN and 34 times the baseline for TP at Meiliang
Bay and 117 the baseline for TN and 101 times the baseline for TP at the west coast.

Since water quality of East Taihu Lake is relatively healthy, it is considered that the
water area maintains the lentic ecosystem of Lake Taihu that has lasted for many years. In a
diversified ecosystem, it is difficult for any particular living organism to overgrow, and because of
this it is likely that such ecological effects have helped improve the water quality, preventing
overgrowth of algae. However, due to the artificial feedstuff for crab farming poured into the
lake and fecal matter that comes from the crabs, we can expect to see rising load of nutrient salt,
which has raised concern for algal bloom.

Meiliang Bay has two large inflow entrances: Liangxi River and Zhihu Harbor, and the
quality of water have been declining due to rapid economic development and urbanization of the
surrounding area, which has fast raised the load of sludge that flows into the bay. Since high
level of organic matter and nutrient salt pose negative effects on aquatic plants, we can say that
one reason aquiherbosa has started to vanish is because such burden posed on the plants
overwhelmed the plants' own cleaning capacity. From this we can say that adding to the situation
where ecological self- purification capacity in the lake has been lost, accumulation of algae caused
by the water flow of the lake has pushed the level of eutrophication at Lake Taihu to the level
where DO was depleted. At the west coast of Lake Taihu, the rear mountains are the lake's main
recharge area. Although population in the west coast is small, there are many forests and
farmlands, which has raised concerns over the load of nutrient salt that flow into the lake from
over-fertilized farmlands through the rivers (CUI: 2009). Results of local survey has marked the
highest levels of TN and TP , which indicates that it is also a water area where algae often

accumulates and abundant supply of nutrient salt that enhances growth of algae flow in.

5. Conclusion

It has become clear that at Lake Taihu, the three water areas; East Taihu Lake, Meiliang
Bay and the west coast have different water features and biological environment. We have found
that species composition and distribution of aquatic plants depends on the aquatic environment.
And in water areas where algal bloom is evident, it has become clear that declining water quality
has created an environment inappropriate for phytoplankton to live.

Water quality of East Taihu Lake is relatively healthy and there are many hydrophyte
communities, which prevent growth of algae and contribute to the ecological water purification
system. On the other hand, at Meiliang Bay and the west coast, water pollution has become a
serious problem, resulting in the disappearance of hydrophyte communities. Algal bloom in
these water areas have become evident since they are the final accumulation point for algae and
where nutrient salt flow in from the surrounding farmlands.

In order to improve water pollution and restore healthy aquatic ecology at Lake Taihu,
technology that can prevent polluting the water environment and sustainable water environment
control measures are needed. Based on the results of this study, as a solution to improve water
environment, we will consider the lives of human beings living around the waters where

eutrophication has progressed, and the interaction between local industries and lentic ecosystem in
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order to pay attention to the movements of various materials and suggest establishing
Eco-Engineering Dam," a water purification system that can contribute to community

revitalization and offers sustained effects on improving the water environment.

6. Solution for improving water environment using "Eco-Engineering Dam "

"Eco-Engineering Dam" is a system that improves water environment through recycling
of polluting materials in the water. (Figure 10) It works by using the biological communities that
form the freshwater ecosystem to build a structure that dams polluting materials such as nutrient
salt, while allowing a part of the materials to flow into the water so that the they will eventually
transform themselves into materials useful in human living environment.

1) Considering the characteristics of human relationship in regions suitable for the dam, we will
include a system that allows local industries to utilize the material flux that emerge from
Eco-Engineering Dam, and also a system where those responsible for discharging polluting
materials will be encouraged to manage the Eco-Engineering Dam.

2). Method of damming and transition the water using material flux will be examined, while
taking into account the community of native organisms, ecology, and existing aquaculture
resource (aquatic animal or plant subject to aquaculture).

3). Since it is expected to take more than ten years for the Eco-Engineering Dam to be completed
and operation Recycle is stabilized, it is important to consider how to control ecological
succession so that the final ecological state will be the same as the image drawn up at the
beginning. Flexible management is also indispensable during mid-course.

4). Energy necessary to operate the man-made facility will be supplied from outside the system at
one point, however, adjustments will be made eventually to establish a sustainable system that

operates with natural energy.
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Figure 10 Pattern diagram of water purification system using Eco-Engineering Dam
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5). By understanding the water flow, distribution of seed population of native aquatic organisms,
we will build several numbers of the Eco-Engineering Dam. As the core Eco-Engineering
Dam, each of these dams will help improve the surrounding water environment, work as the
supplier of seeds, and finally realize a huge Eco-Engineering Dam system, where the core
dams will be organically linked to one another. Relationship between the dam's biological
structure and the conversion capacity of the organisms, as well as the feasible distance for
linking the dams are different depending on the water area. Therefore, it is important to
conduct a step-by-step monitoring of aquatic environment and provide feedback on the results.

6). Our target is to build a damming system that basically does not require cumbersome
management procedure, and to see these Eco-Engineering Dams reach the final stage of
blending in and becoming a part of the natural ecosystem.

In order to put the Eco-Engineering Dam system to practical use, on-site investigation
for the dam was launched in summer of 2012. It was a part of the Japan-China joint research,
whose research field was the aquaculture in Lake Taihu watershed. After three months from
installing man-made submerged biotic formation, we found that the transparency of the water in
the system had improved more than the water in the controlled test area or in the lake.
Furthermore, we were able to observe suspended solids becoming attached to man-made
submerged biotic formation, and decrease of organic matter and nutrient salt in suspended matter
due to controlled wind waves. We also confirmed recovery of the water area's native aquatic
community, for example, increase in diversity of phytoplankton and aquatic plants. The
Eco-Engineering Dam also contributed to efficient crab farming by offering safe place for the
cultured crabs to shed shells. In the future, we are planning to continue conducting field tests for
"Eco-Engineering Dam" as long as the Lake Taihu water environment protection project
continues.

Lastly, for the construction of "present state and future possibilities of lakes," authors of
this paper would like to convey through this publication our belief on the issue as follows: "All
problems of lakes and the environment are man-made, therefore, they should be and can be solved

by human wisdom and ability."
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Environmental Change of Lake and Infectious Disease

Toshifumi MINAMOTO!, Zen'ichiro KAWABATA?

1. What kind of lakes should be left for the future?

What image do we expect for the future lakes? Currently, the typical expectations we have for
lakes are perhaps mainly those that can be summarized as ecological services such as the source for
drinking and industrial water, fishery resources, beautiful nature and scenery, etc. In order to maintain
such services we can obtain from the lakes, or to recover those that were lost temporarily, various
efforts have been made such as prevention of water pollution, resource management, landscape
preservation, etc., and each effort has produced a given amount of results. However, if we are thinking
of the futurability of the lakes, we should directly target the health of the lakes itself rather than the
preservation of the services that benefit us. In other words, we should set the goal to preserve a
sustainable environment for the lakes where various organisms live in good condition. In this report, the
subject of the infectious disease of the wildlife is taken up, and the examples of how the change to the
lake environment is threatening the health of the organisms inhabiting there will be introduced, and we
hope to propose the adoption of a perspective for securing the health of the ecosystem that includes the
prevention of infectious diseases of the wild animals in the environmental conservation.

A healthy ecosystem is believed to suppress infectious diseases. For instance, it is reported
that infectious diseases spread more when diversity of organisms is reduced (KEESING et.al.: 2010). In
this manner, it is thought that the environmental change by human activities can cause outbreaks of and
spread of the infectious diseases in the wildlife, but there are few research case studies that succeeded
in showing corroborative evidence for it. Therefore, in order to demonstratively clarify the relationship
between the environmental change of the lake and the infectious diseases, we have investigated the

interactions between the koi herpesvirus disease and humans in freshwater environments.

2. What is koi herpesvirus disease?

Koi herpesvirus disease is a relatively new infectious disease that was first reported in the late
1990°s in Europe. As the name indicates, the disease develops through an infection by the pathogen koi
herpesvirus (recently designated as Cyprinid herpesvirus 3). Mainly common carp and its ornamental
subspecies, koi are infected. The mortality of the infected fish is over 80%, and along with its high
infectivity, an enormous damage can be done once an outbreak occurs. Initially, the disease was thought
to occur only in the fisheries where carp / koi are densely clustered, but in the nation-wide outbreaks
that occurred in Japan since 2003, mass mortality of carp in the natural rivers and lakes was observed.
Also, outbreaks were reported in the natural lakes in Canada in 2007 (GARVER et.al.: 2008). The
outbreak that occurred in Lake Biwa from 2003 to 2004 is thought to be of the largest scale in the world,
and over 100,000 carp individuals are estimated to have died (MATSUI et al.: 2008). It was reported
that only the larger carp have died, and estimated that the impact of the mass mortality on the entire

ecosystem is enormous. As shown, the threat of this disease is not limited to fish farming industry but
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also to the natural ecosystem.

3. Environmental change in lakeshore and the koi herpesvirus disease

It is unavoidable that the natural environment is changed through human activities. In the
lakes, changes to the lakeshores were continuously made for such as flood control, irrigation, expansion
of farmland, etc. In this report, case studies will be introduced where these types of environmental
changes affect the pathogenic microbes (in this case, koi herpesvirus) and the ecology of their host, and

as a result, outbreak and spreading of infectious disease occur.

3.1. The change in water temperature environment by lakeshore alteration

The carp is an ectotherm, and the change in the water temperature directly affects its
physiology. Also, it is known that the koi herpesvirus disease occurs only in the water temperature
range from 15 to 25°C. Therefore, we focused on the water temperature environments and hypothesized
that the change of the shape of the shoreline of the lake contributes to the temperature distribution of
the lake water. In order to test this hypothesis, upon investigating the spatial and temporal distribution
of the water temperature at the natural gently-sloping shore and the steep man-made shore in the
southern part of Lake Biwa, it is found that the water temperature distribution at the gently-sloping
shore is able to maintain a more diversified water temperature compared to that of the steep shore. The
water temperature has daily fluctuation, rising in daytime and falling in nighttime. However, it has
become clear that at the gently-sloping shore the water temperature remains diversified in the daily
fluctuation and, conversely, at the steep shore, the spatially uniform water temperature fluctuates
temporally (YAMANAKA et.al.:2010). For the fish which wants to maintain a constant body
temperature as much as possible, the steep slope where the fish cannot escape from the change in the
water temperature can be thought of as a severe environment where it is exposed to stronger water
temperature stress compared to the natural lakeshore with a diversified water temperature.

Even so, the range of daily fluctuation in the water temperature is about +3°C. The doubt
remains whether that this level of water temperature fluctuation actually gives stress to the fish.
Therefore, the stress to the fish by the change in water temperature was measured. There are several
methods to measure the stress on fish, and here we adopted the evaluation of the stress by measuring
the cortisol, an well-accepted indicator of the stress level, discharged from the fish into the water. This
method is convenient for measuring the stress caused by the water temperature change because it does
not require capturing the fish and there is no danger of applying stress to the subject animals, and a
repeated measurement can be made for the same animal. As a result of performing the experiment using
carp in a fish tank, it was found that the daily fluctuation of +3°C does give stress to carp (TAKAHARA
et.al.: 2011). Furthermore, it is found that the resistance to the koi herpesvirus is reduced in the carp for
which the water temperature was changed, compared to the carp without the temperature change, that is,
the mortality rate rises on exposure to the same dose of the virus (TAKAHARA et.al.:personal
communication).

Taken together, these results indicate that the steep slope change to the lakeshores puts stress
on the wild carp through the change in water temperature environment, and as a result, creates a

condition which makes the fish more susceptible to infection. Only the steep slope change to the
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lakeshores is focused here, but typically it is well known that an increase in stress affects the
susceptibility to a disease. Other than the water temperature stress, the wildlife inhabiting the modern
freshwater environments are subject to various stresses originating from human activities such as
degradation of water quality, noise from leisure boats, nighttime lights in the urban areas, etc., and it is

necessary to consider the preservation of water environments from these perspectives also.

3.2. Overcrowding of carp at the spawning sites

Probably most of readers cannot imagine where and how the spawning of carp happens. In
early spring, carp gather in the emergent vegetation region of the shallows, and multiple male carp
chase after a single female in a group spawning. We have shown that this spawning site is a hotspot for
a new infection of koi herpesvirus disease (UCHII et.al.: 2011). It was found that when the carp gather
in the shallows for spawning, the koi herpesvirus density in the water increases locally, and the
antibody titer, an indicator of infection history, increases markedly for those carp participating in
spawning with body size of about 35 cm and larger. From the virus perspective, the spawning site
where the fish are crowded together in a highly stressed condition due to the spawning activity can be a
perfect opportunity for spreading the infection.

On the other hand, suitable sites for carp spawning in Lake Biwa is diminishing each year.
According to Shiga prefecture, the reed colonies have been reduced to almost half in the 40 years from

1953 to 1992 (http://www.pref.shiga.lg.jp/ouen/katsuyou/biwako hozen/yoshi/index.html [in

Japanese]). One might think that since the number of sites for infection is reduced the infection may not
occur, but that is not the case. It is thought that the reduction of the reed colonies led to overcrowding
of carp in a limited number of suitable sites for spawning, and consequently contributed to the spread of
the koi herpesvirus disease. In this case also, the change in the lakeshore environment had accelerated
the spread of koi herpesvirus disease. Also, increased density of carp due to artificial stocking of the
lake with carp is thought to lead to crowding of carp and can also become a factor in spreading of the

infection.

4. The impact of koi herpesvirus disease

The impact of the outbreak of koi herpesvirus is wide-ranging. First, the impact on the carp
and koi fishery is devastating. For instance, Kasumigaura Lake in Ibaraki prefecture was the largest
domestic carp fishery, but around 60 fish farms that existed there closed down their businesses after the
outbreak of the disease from 2003 to 2004 (1) . In Indonesia, the economical loss from this disease is
estimated to reach 25 million US dollars, an exorbitant loss just from the economical viewpoint.

This disease also affected the genetic diversity of carp. In Japan, there is an endemic common
carp, and an artificially introduced foreign carp. Especially in Lake Biwa, there is many endemic carp
and is differentiated from the other introduced foreign type. Crossbreeding between the endemic type
and the foreign type is also confirmed, and there was a concern that the endemic carp is being
diminished in the largest outbreak in Lake Biwa. It was reported at the time that there were higher
mortality of the endemic type than the foreign type, resulting in further diminishing of endemic carp
type, and increase in crossbreeding with the foreign type was also confirmed (UCHII et.al.: 2013). The

artificial introduction of carp coupled with the infectious disease, has thus caused the decrease in the
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genetic diversity of carp.

Furthermore, due to the mass mortality of the carp, also called the ecosystem engineering
species, there could be a large impact to the overall ecosystem, but due to various difficulties in
grasping the total picture, it is yet to be estimated at this point in time. It is necessary to monitor

carefully, to find out what impact there was and there will be.

5. Does healthy lakes suppress infectious diseases?

We have conducted investigation of koi herpesvirus not only in Japan but also in the lakes in
China because outbreaks in the fisheries were reported also in China. As a result of yearlong
investigation in Lake Erhai in Yunnan province, koi herpesvirus was found to exist there. However,
there is no outbreak of koi herpesvirus disease. A similar phenomenon is also observed in Japan.
According to our investigation, more than 90% of the class-A rivers, which are assigned by government
to be of importance for conservation of national land or for national economy, are contaminated with
koi herpesvirus, but outbreaks have occurred in only about half of them (MINAMOTO et.al.: 2012). In
other words, the existence of the virus and the outbreak of the disease are not necessarily related. What,
then, determines the outbreak of the disease? No scientific conclusion is reached to date, but perhaps
the health of the water system may hold the key. Preserving the diversity of the environment as well as
the biodiversity leads to preserving the health of the water systems such as reducing stress through
availability of diversified water temperature, decreasing the risk of infection during spawning when
natural shores are widely available, creating an environment where no particular species is segregated
but various species coexist, etc. Of course, environmental conservation activities are in progress in
Japan as well as in China. For Lake Biwa, the Lake Biwa Comprehensive Preservation Initiatives is
drawn up in 2000, and a declaration to “hand over healthy Lake Biwa to the future” is made in it. In
Lake Erhai, although water quality degradation and diminishing of biodiversity was observed also since
the development of the 1980’s and introduction of foreign species, the nation took efforts to improve
the water quality and the lake shores that were once packed with artificial shore protections are now
returned to the condition close to the natural shores. Through such activities as these, the Lake Erhai
water quality has improved, and the health of the lake which includes the diversity of environment and
organisms is believed to be on its way to recovery. The fact that initiatives for preserving the health of

lakes are in progress in Japan and in China holds promise for the future of lakes.

6. Conclusion

As shown thus far, it is undeniable that the environmental change caused by human activities
contributed to the spread of koi herpesvirus disease. What is revealed here is not only the problem of a
fish disease. The image of pathogens, coming and going between the wild and farmed animals and then
spreading, can be seen in various infectious diseases. For instance, in the cases of the HIN1 influenza
pandemic of 2009 and the H7N9 avian influenza which was discovered to infect humans in the spring
of 2013, the interaction between wild animals and domestic animals and poultry is thought to have
contributed to the outbreaks of the diseases. When it is told that there is a danger that the disease could
spread even more depending on the condition of the environment, everyone understands that it is

necessary to take countermeasures for it. Namely, preserving a healthy environment indirectly leads to
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the benefit of people.
What kind of lakes should be handed over to the future? What efforts should be made for it?

Perhaps, it is time for us to take a step back from the obvious direct benefits and think it over.
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Figure 1 Examples of the spread of infectious disease caused by environmental change. In the case of koi herpesvirus, the environmental

change due to human activities which impacted the biology and ecology of carp, is thought to contribute to the spread of the infection.
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Countermeasures for the non-point pollution control

in the watershed of Lake Erhai, China

Xiao SHANG!, Hainan KONG?

1. Pollution problems in the Lake Erhai watershed
1.1. Rapid water quality degradation

In history, the Lake Erhai had clear water and was known as “Plateau Pearl” in honor.
However, with the rapid population increase and economic development, from the 1970s on, water
quality of the Lake Erhai degraded progressively and the fast degradation occurred after 1990s.
The changes of water quality in the Lake Erhai shown in Figure 1 demonstrate this phenomenon.
Almost all water body of the Lake Erhai belonged to Class II before 1996 according to National
Environmental Quality Standards for Surface Water of China, while the Class III and even Class

IV of water appeared in large area afterwards. The degradation trend of water quality in the Lake

Erhai was obvious.
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Figure 1 Water quality changes in the Lake Erhai
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1.2. Geographic features for causing lake eutrophication

The Lake Erhai is a typical deep and inland plateau lake. The maximum depth of the
lake is 21.3m and average depth is 10.6m (Date of the “Three Lakes” in China: Lake Taihu is
1.89m, Lake Chaohu is 3.06m, Lake Dianchi is 5.03m). Partly because the lake is deep, the
enclosed lake has poor water flow and exchanges capacity. The average hydraulic retention time is
about 1004 days (Date of the “Three Lakes” in China: Lake Taihu is 309 days, Lake Chaohu is 168
days, Lake Dianchi is 916 days).

In addition, there are 23 main river inlets but only one natural river outlet for the Lake
Erhai. Over the years, the annual inflow volume from watershed was8.92x10% m?, but the annual
outflow volume from the lake was 8.16x10% m3. The outflow capacity was relative limited.
Besides, in 1977, a hydropower station, called Xierhe station, had been constructed in the
downstream of the lake. Storing water in rainy season by this station further reduced the outflow
capacity of the lake.

Moreover, the climate characteristics in the Lake Erhai region supply the good growth
condition for aquatic phytoplankton with the big solar radiation intensity of 139.4~149.5kCal/cm?,
the long sunshine duration of 2250~2480 hours/year, and the high average temperature of 16.2°C.
Once the nutrient load is sufficient in the lake, the aquatic phytoplankton would be induced to
multiply rapidly to cause eutrophication problem in the lake.

In conclusion, the unfavorable natural geographic conditions, in some extent, make

some ecological safety problems such as eutrophication easily incurred in the Lake Erhai.

1.3. Serious agricultural non-point sources pollution

The existing research has demonstrated the added value of agricultural industry has
strong correlation with the discharge amount of TN and TP in the Lake Erhai watershed. The
increase of agricultural production is the biggest driving force of nutrients pollution, and
moreover the grow trend of agricultural production has little potential to change within a short
period of time (YANG: 2011). According to the current statistics data in Figure 2, the pollution
sources of livestock manure and cropland runoff together contribute approximately 53% of
nitrogen pollution and 68% of phosphorus pollution becoming the most important pollution
sources in the Lake Erhai watershed. Rural wastewater is the subsequent important source, which
contributes 29% of nitrogen pollution and 19% of phosphorus pollution. At the same time, other
pollution sources including tourist pollution, urban wastewater and soil erosion make less

contribution to TN and TP pollution.

92



TN pollution sources

2% 3% 13%

® Urban wastewater
B Rural wastewater
= Livstock manure
® Cropland runoff
292, M Tourist pollution

m Soil erosion

(a) TN

TP pollution sources

8% 1% 3% 9%

B Urban wastewater
B Rural wastewater
19%

® Livstock manure
® Cropland runoff
B Tourist pollution

® Soil erosion

60%

(b) TP

Figure 2 Composition of TN and TP pollution sources in the Lake Erhai watershed

Due to the cheap labor cost, favorable climate condition and rich water and soil
resources, the export-oriented agricultural economy has high comparative advantage in the Lake
Erhai watershed. Taking garlic planting for an example, the garlic that grows in the watershed
normally has more allicin content than other similar products, and moreover this garlic could
appear in the market earlier than other similar products in China for at least 2 months. Thus, the
sales market and prices of local garlic is very profitable for farmers. Another example is dairy
breeding. The abundant natural resources in the watershed supply a nice breeding environment for
dairy, especially for Holstein cows, Simmental cows and milk buffalo. Eryuan County locating in

the upstream of the watershed is the biggest processing base of dairy products in the southwest of

93



China.

Vegetable planting area (2004 2009 Gralic planting anca (2003-2008%)
~ 1 i)
<
= S o
] (=1 < s
3 g 2w
%0 b :n 000
g £ my
|, m g o
Q o
% i o S
T S 100
o
L ] o
WOl N N6 NN Xee e W E0) Hes MM MOV e
year year
E Cantle breeding numbar (2006-2009) z Cow breeding numbser (20022005
S [AS00S
B e 1hmg Ef i
T 1w Z e
= =]
o S o
E taomon £
L
2 VRS £ wam o
o 1R 2
o0 D -
S e £
5 o & 2000
o £
ERL H L
O 2004 oar et o o o] oo 200 oo 200
year year

Figure 3 Annual changes of agricultural production scale in the Lake Erhai watershed

Relying on comparative advantages, in recent years, the breeding industry and vegetable
planting industry have experienced a rapid development and gradually become the main income
sources of local residents. Seeing the changes of agricultural production scale in the watershed in
Figure 3, both the vegetable planting areas and the amount of cattle breeding experienced a
significant increase in last ten years. At present, the watershed is the largest beef breeding base,
the second largest pig breeding base and the important vegetable planting base within the
prefecture.

However, from the perspective of nutrients pollution, on the one hand, vegetable
requires more chemical fertilizer than grain crops for growth and farmers often apply fertilizer
improperly in order to get high yield. For example, based on the results of field study (ZHAO:
2009), the nutrient balance ratios of garlic planting, which is the most popular vegetable crop,
reach 230.82% for nitrogen and 589.23% for phosphorus. Simultaneously, with the expanding of
vegetable planting area and the decreasing of grain crops planting area, farmers have to apply
more fertilizer to grain crops to maintain total yield. To some extent, it also causes more fertilizer
application. Overall, Figure 4 shows the significant increase in chemical fertilizer application in
the watershed, and the amount of application reached 29725 t in 2009.

On the other hand, the livestock manure is another important source of nutrients
pollution. The existing comparison study shows that the discharge pollution coefficients of cattle
breeding are considerably higher than other livestock’s, especially for dairy breeding which
approximately produces manure of 19.4t per cattle in one year (ZHANG: 2006). Seeing the data in

Figure 4, the amount of produced livestock manure in the watershed experienced a significant
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increase in last ten years. However, this big amount of livestock manure has broken the balance
between planting and breeding. The cropland areas are not enough to digest the excess of livestock
manure so as to make more and more manure been dumped on the roadside. Due to the high
content of crude protein amide in cattle manure and the local climate characteristic of high

temperature and intensive rainfall, the manure nutrients became more easily to release.
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Figure 4 Annual changes of chemical fertilizer and livestock manure in the Lake Erhai watershed

Moreover, in the Lake Erhai watershed, like other places in China, farmers adopt
Chinese family-contract responsibility system that makes agricultural pollution sources in the
watershed to have properties of dispersibility, randomness and uncertainty. Therefore, it further
increases the difficulty of controlling agricultural pollution in the Lake Erhai watershed. Currently,
agricultural pollution sources, especially for the intensive livestock breeding and vegetable

planting, in the watershed, cause a big pollution threat to water quality of the lake.

1.4. Distribution of pollution sources

With economic progress and population increase, the depth and breadth of land
development in the Lake Erhai watershed constantly increase. On the one hand, Land use pattern
in some extent determine the distribution of pollution sources; on the other hand, the unreasonable
land use would enhance pollution risk. Based on the remote sensing survey of Environmental
Monitoring Stations of Dali Prefecture, land use changes with the rising of elevation in the Lake
Erhai watershed have been showed in Table 1 (LI:2011). The most of urban land, traffic land,
cropland, and water area distribute on the place with elevation of lower than 2200 m, while the
most of garden, grassland, scrubland, and forest land distribute on the land with elevation of
higher than 2500 m. Thus, the main pollution sources concerning urban and agriculture
concentrate on flat lands which are lower than 2200 m. Seen from the Digital Elevation Model
map of the Lake Erhai watershed in Figure 5, the light color areas are likely concentrate more
pollution sources. Currently, the industrial pollution sources mainly locate at Xiaguan city and
Fengyi town in the south, Yinqiao town in the west and Shangguan town in the north. Tourism
pollution sources mainly concentrates at Dali old town in the west and Cibihu town in the north.

Agricultural pollution sources scatter over the whole watershed.
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Lower than 2200m 2200--2500m 2500~-2800m Higher than 2800m

Land use
km* %o km® o km* %o km* %
Urban land 14431 92.70 817 525 303 194 016 0.10
Tratfic Land 6.03 96.90 0.19 3.10 0.00 0.00 0.00 0.00
Cropland 355.83 79.66 5408 1211 31.30 7.01 5.46 122
Garden 0.92 6.82 1.26 9.31 0.13 0.98 11.23 82.90

Grassland 124.14 2842 12838 2939 4207 963 14222 32.56

Secrubland 121.31 26.37 19168 4166 7969 1732 6740 14.65
Bare land 203 5343 146 3849 031 8.08 0.00 0.00
Water area 275.17 99.80 0.21 0.08 0.17 0.06 0.18 0.06

Forest land 21.78 271 17196 2140 21734 2705 39243 48.84
Total 1051.52 40.41 55739 2142 37403 1437 61907 23,79

Note: “%” represents the area percentage ofthe same land use category.

Table 1 Land use changes with the rising of elevation in the Lake Erhai watershed
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Figure 5 Digital elevation model map of the Lake Erhai watershed

Agricultural practices make up the most of nutrients pollution sources in the Lake Erhai

watershed. Based on the pollution discharge coefficients and agricultural production data of 2009
year (SHANG: 2012), the amount of agricultural pollution produced from every town have been
calculated and presented in Figure 6. The northern watershed gathers a large proportion of

agricultural TN and TP pollution and the western watershed takes a second place. In contrast, the
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eastern watershed has less agricultural pollution contribution. Overall, the notable towns were
Sanying, Cibihu, Yousuo, Xizhou, Shangguan, Dali, Fengyi etc. Among them, the biggest
agricultural pollution come from Yousuo town with contributing 584 t/a of TN pollution and 80t/a
of TP pollution. In total, agricultural pollution sources in the Lake Erhai watershed produced
4485t/a of TN pollution and 688 t/a of TP in 2009.
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Figure 6 Spatial distribution of agricultural pollution in the Lake Erhai watershed

2, Effective measures and improvement of water quality
2.1. Effective measures and efforts
2.1.1. Policies and regulations
(1) “Management regulations of the Lake Erhai”

In 1984, prefecture government enacted “Interim management measures of the Lake
Erhai” to started levying water charge and fishery resources charge, closing lake for prohibiting
fishing in certain period of a year, and establishing special management organization that is the
Lake Erhai Administration Bureau.

In 1988, people's congress of Dali prefecture adopted “Management regulation of the
Lake Erhai” to replace “Interim management measures of the Lake Erhai”. From then on, the
water environmental policy of the Lake Erhai entered a legal track which played an important role
on water protection of the Lake Erhai. This rule regulated the development and usage of water
resources, the management of lakeside zone, prevention of industrial and domestic pollution, and
ecological protection and so on.

However, until then the overall thought of water policy is still focusing on the
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development of the Lake Erhai and has not reflected environmental protection idea. The shortages
of this regulation were: (a) not prohibiting cage culture in the lake; (b) having not enough
attentions to ecological protection; (c) and moreover the regulations on functions of the Lake
Erhai Administration Bureau have poor maneuverability.

In 1998, people's congress of Dali prefecture adopted the revised version of
“Management regulation of the Lake Erhai” with making water environmental protection policy of
the Lake Erhai into legal norms. Nevertheless, this regulation focused on regional problems and
had not embodied systematic and comprehensive treatment idea.

By 2004, the revised regulations implemented well the principle of making protection
and restoration a priority, and management of the Lake Erhai Administration Bureau was
transferred to Dali City so that the status and functions of this bureau have been enhanced.

As experts acknowledged, the driving force to water quality degradation is the low water
level and large amount of influent pollutants. The significant role of “Management regulation of
the Lake Erhai” is making a regulation on water level adjustment. The lowest and highest water
levels were set as 1972.61 m and 1974.31 m, respectively.

The regulation enacted in 1998 made the water management of the Lake Erhai involved
not only the water environment in the lake but also the whole watershed which area could produce
runoff to feed into the lake. Thereafter, the regulations insist this correct theory. Overall,
“Management regulations of the Lake Erhai” is the most important regulation in water
management and protection of the Lake Erhai.

(2) “Three Returns, Three Restorations”

From 1999 on, Dali prefecture started carrying out the policy of “Three Returns, Three
Restorations” that is returning cropland to forestry, returning pond to lake and returning house to
wetland. In 2001, the government invested more than 13 million RMB to implement this policy
and until 2002 the areas of returning the pond to lake, returning cropland to forestry and returning
house to wetland were 296.3 ha, 484.9 ha and 41.1 ha, respectively. Simultaneously, afforestation
has been carried out by 333.3 ha.

“Three Returns, Three Restorations” and water level adjustment policy supplement each
other. In order to raise the water level of the Lake Erhai, it must rely on effective implementation
of “Three Returns, Three Restorations”. In turn, the effective implementation of “Three Returns,
Three Restorations” also should depend on the legal support of water level adjustment policy.

(3) “Two Cancels, Two Prohibitions”

From the end of 1996, Dali prefecture implemented the policy of “Two Cancels” that
canceling fishing power boat and cage culture in the lake. By 1997, 11187 net cages and 2579
fishing power boat had been forbidden. The pollution from water aquaculture and power boat had
been effectively prevented.

In November 1997, the production, sale and usage of phosphorus-based detergent were
prohibited in the Lake Erhai watershed. Besides, in September 2006, the production, sale and
usage of foam plastic tableware and the plastic that is not easy to degrade were also prohibited.
This policy played an important role in preventing phosphorus pollution and “white pollution”.

Nevertheless, implementation of water management policy in the Lake Erhai watershed
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still exist the problem of capital shortage. According to the “Lake Erhai watershed protection
planning (2003-2020)”, before 2020 there are 34 projects needing 3 billion RMB investment.
Taking the period of Chinese 11™ five year plan for an example, in 2006 and 2007, the actual
investment of Dali prefecture was 102.7 million RMB which only occupied 7.01% of total planned
investment. Like many other places in China, the environmental investment is insufficient in this
watershed. In addition, the Eryuan County locating in the upstream watershed was ever a strong
economic county, but after setting limits on developing heavily-polluting industries for
environmental protection reasons, this county also lost many chances of economic development.
At present, ecological compensation system have not been constructed well so that the problem of
how to balance the relationship between economy and environment should be further considered

in local water management policy.

2.1.2. Engineering and management measures

Chinese 9™ five year period (1995-2000): Based on the long-term pollution
management experience, the six projects have been identified as key programs of water pollution
management in the Lake Erhai watershed (see Fig. 7). In the this period of 1995-2000, some
important measures are listed as follow: (1) governing pollution from 23 important industrial point
sources; (2) carrying out demonstration project of sediment dredging in the Lake Erhai; (3)
improving comprehensive water environment for Miju River and Eighteen Streams; (4)
constructing Eryuan wastewater treatment plant, Eryuan solid waste landfill, and biogas digester
over the watershed; (5) carrying out ecological protection, afforestation, and landscape treatment
projects; (6) improving the ability of water environmental monitoring;(7) promoting digitalization
and informatization construction of the Lake Erhai; and (8) policy making of water management
regulation and watershed development plan. Facts proved that these measures not only played
important role on maintaining water environment of the Lake Erhai but also provided significant

demonstration effect for projects to be implemented later.

1. Comprehensive environment
‘ improvement for inflow rivers

il

. 25 LT enviro Al A 6. Agricultural and rural non-
improvement and infrastructure o 5
. ) ) point sources pollution control
construction / .
Six key projects

for water pollution

management

3. Ecological restoration and > | 5. Environmental management
construction in the lake / r and capacity building

4. Soil and water conservation ‘

Figure 7 Six key projects for water pollution management in the Lake Erhai watershed
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Chinese 10" five year period (2001-2005): On the basis of carrying out six key
projects, the emphasis of pollution control projects had been put on point pollution sources,
non-point pollution sources and inner sources pollution. The detail information of the
implemented measures in this period has been listed in Table 2 (PENG: 2005).

Central treatment facilities: In theory, domestic wastewater is not directly discharged
into the Lake Erhai. However, in fact part of the sewage did not access into sewage pipe but
discharged into the river channel without treatment. Therefore, the construction of wastewater
treatment plants and pipeline network became the important projects to be implemented.

Non-point sources pollution management: In this period, the pollution from planting and
breeding are very outstanding. If these non-point sources pollution was not be controlled well, a
large number of nutrients pollution would be released into the rivers and lake. However, the
effective measures for controlling the non-point sources pollution were scarce. Some traditional
measures had been implemented in this period such as biogas digester construction, soil and water
prevention, and afforestation.

Inner sources pollution: Sediment dredging came to be valued in this period and was
considered as an effective measure to control inner sources pollution in the lake. The measure
could reduce inner sources pollution, increase capacity of the lake, and balance the growth of
hydrophyte. From Nov. 2000 to Aug. 2001, a sediment dredging project with dredging volume of
3.029 million m? and dredging area of 0.23 km? was carried out at the river outlet of Denglong
River and Shacun Bay in Xizhou town, respectively.

Water resources adjustment and control: Water from the Yangbijiang River into the Lake
Erhai, water supply and demand contradiction was relieved, water resources quantity of the lake
was ensured, and the ability of water purification was enhanced.

Science and technology demonstration engineering: Researches was made in the terms
of sediment recycling, deposit sediment properties, and non-point sources pollution control
measures. Besides, digitization of the Lake Erhai was done to finish drawing the 1/5000
underwater map and 1/500 land topographic map. Overall, the field surveying and mapping work
was basically finished for digitization of the Lake Erhai.

Environmental management: This measure mainly focused on environmental monitoring
capacity improvement involving management mechanism construction of protection zones in the
Cangshan Mountains range and Lake Erhai watershed to make environmental quality evaluation
more timeliness and accuracy.

Chinese 11" five year period (2006-2010):The major point of water pollution
management in this period was to take the industrial economy structure adjustment as the basic
measures, to mainly solve pollution problems in the terms of urban pollution, rural pollution and
river comprehensive environment, and to firmly implement the six key projects. Moreover, the
project investment, scale and breadth were all larger than before. In this period, the cumulative
realized investment reached 1.711 billion RMB. The planned project had 29 items, and the whole
project completion rate reached 96.6%. The entire wastewater treatment instrument normal
operation ration reached 97.87%. The detail information of the implemented measures in this

period has been described in Table 3.
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Some environmental effects of the implemented projects are described as followed: (1)
Construction project of Junmachang solid waste landfill made the produced waste from Eryuan
County and three counties of Dali City which had approximately 220 thousand people to be
effectively treated; (2) Pipeline network construction in the eastern Dali City (Phase II) and the
area along the Boluo River let the domestic wastewater from these area to be effectively
intensively treated; (3) The widely implemented soil testing and formulated fertilization reduced
chemical fertilizer usage amount and release amount getting both social and environmental benefit;
(4) The widely construction of methane tank and sanitary dry toilet saved a large amount of energy,
improved sanitary environment of villages, and moreover controlled fecal pollution in the Lake
Erhai watershed; (5) Public welfare forest construction and water and soil erosion treatment
reduced the amount of soil and water erosion. on the whole, through the effectively
implementation of various water pollution projects in this period, the non-point sources pollution,
point sources pollution and the purification capacity of wetland had been improved. The
environmental awareness of local residents was also gradually raised.

Overall, it can be realized that the implemented projects in Chinese 9" five year period
(1995-2000) mainly played the demonstration effect for water pollution control in the Lake Erhai
watershed, the effective projects begun to take shape in Chinese 10™ five year period (2001-2005),
and the scale effect of water pollution management projects began to reflect in Chinese 11™ five
year period (2006-2010). With the accumulation of experience, raise of environmental awareness
and increase of engineering efficiency, the water environmental quality of the Lake Erhai is

getting change for better.
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Table 2 Frojects of water pollution management implemented in the Lake Erhai watershed in the
period of 2001-2005

Project ealegory Construction years Project name
Wastewater treatment plant of Dali City, pipeline
1990= 20003 P ; O
network construction ol Xiaguan town
Pipeline network construction from Niaguan town to
20022004 Pe
Drali old town
2002-2005 Underground arterial dramage channel construction in
Treaiment of point source the souih shore of Xier River
Hhuti Wastewater treatment plant of Ervuan © and
P 2001 ~2004 E e . oy
pipeline network construction
C ve treatment of influent i ij
005 omprehensive ent rivers (Miju
Rrver, Luoshi River, Boluo River)
2001~2002 Dafengbasolid waste landfill of Dali City
200220035 Solid waste landfill of Ervean County
2001 ~2005 Waste treatment and biogas digesterconstruction
1990-- 2000 Sl and water prevention
Treatment of non-poant 2001 =-2005 Eeological agricultural comatruction m Ciligisn town
source pollution 1999-2(05 Afforestation and returming cropland to forest land
I Comprehensive ireaiment and ecological protection
3 of Lake Xihy, Lake Cibihu and Lake Haixihai
Sediment dredping (Phase and  ecological
Ecologicalrestoration { imner 1990-2005 ; D o
E restoration of lakeside zone in the western lake
source pollution) =i ;
20002005 Biodiversity protection
Diverting Water from the Yangbijiang River into the
Water resources adjustment 20020005 " e
Lake Erhai
and control ; 3
2002--2005 Automated management and optimal scheduling
Treatment technology development in the terms of
Science and technology 2001--2005 sediment, nver channel and non-point sources
demonsiration pollution,
19902003 Drgitization of the Lake Erhai
Management mechanism construction of prodection
20002005 #ones in the Cangshan Mountains range and Lake
Emvironmental management Erhai watershed
Environmental monitoring capacily construction of
20062005 i

the Lake Erha
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Table 3 Projects of water pollution management implemented in the Lake Erhai watershed in the

period of 2006-2010
FProject category Project contents Project scale
Junmachang solid waste landfill
. . 4inid
enginecring
Pipeline network construction and Transformation: 14.8 km
transformation of Xiaguan town Construction; 58,9 km
Pipeline network construction of the
il 80254.1 km
eastemn Dali City (Phase IT)
Follutant intercepting dam construction
; 12.7 km
along the Lake Erhai
Waste transfer station and transporting 11 waste transfer stations and
systemn censtruction 603 dump pits
Pipeline network construction of the
T 38,59 km
eastern Dali City (Phase [1I)
o ) 25.67 km sewage networks and
Pipeline network construction of the 7
18.17 km storm dramnage
Fengyu areas along Luoshi River
networks
- Waste waler treatment project in Xizhou 2000 m3/day wastewater
Urban environmental
. town treatment plant
improvement and
: . S : 22861 km sewage networks
infrastructure construction Pipeline network construction in Dali old :
and 20469 km storm drainage
town
networks
T g i 13694 km sewage networks
Pipeline network construction in Dah )
) ) and 14063 km storm drainage
tourism resort district
networks
Wastewater treatment plant of Eryvuan
i . 4000 m3/day wastewater
construction, and pipeline network
. treatrment plant
construction (Phasa I1)
Wastewater treatment plant of Dengchuan
o 4000 m3/day wastewater
construction, and pipeline network
) treatment plant
construction
Rural wastewater collection and treatment 200 wastewaler treatment
systems syslem
hdedical waste treatment plant construction Sud
Solid waste landfill of Eryvuan County 25 vd for short term and 60 v'd
construction for long term
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Figure 8 Water quality changes of the Lake Erhai. The water quality level is decided by the National
Environmental Quality Standards of China for Surface Water (GB 3838-2002).

2.2. Water quality improvement of the Lake Erhai

The Lake Erhai watershed was experiencing a rapid economic development, but the
water quality of the Lake Erhai has not been further worse. It indicates that the constant effort of
water pollution management in the Lake Erhai watershed is effective. Although harmful algal
bloom in the Lake Erhai in 1996 and 2003 gave the deep attacks on local people who need to live
by water resources of the Lake Erhai, the water quality of the Lake Erhai was changing for better
after 2004. The monitoring data of water quality showed that (see Figure 8) basically from 2004
the number of month having water quality of II level gradually increased. In particular for 2008,
there was 8 months reached the water quality of II level.

Furthermore, seen from water quality index changes in Figure 9-11,after 2004 the
average concentrations of both COD and TP in the Lake Erhai showed an obvious decrease trend.
Although the average concentration of TN presented a relapse in 2009 and 2010, the overall trend
was moving in a good direction. Thanks to the efforts of local government in controlling pollution
in the Lake Erhai watershed and improving the local environment, the implemented water
pollution management measures are effective and water quality of the lake has not been
persistently deteriorated but improved. In Fig. 12, there are two photos taken on June 6, 2010 by
Chinese newspaper of People’s Daily. They show the wetland park by the Lake Erhai and a local
people jumps into the Erhai Lake to swim. As the “mother lake” by local people, the Lake Erhai is

so beautiful as if it recovers to the former beauty.
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Figure 9 Monitoring data of COD in the Lake Erhai in the period of 2004-2010
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Figure 10 Monitoring data of TP in the Lake Erhai in the period of 2004-2010
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Figure 11 Monitoring data of TN in the Lake Erhai in the period of 2004-2010

105



Figure 12 Photos of the Lake Erhai taken by Chinese newspaper of People’s Daily in 2010

Due to the significant contribution of water pollution management measures in the Lake
Erhai watershed, the effective measures have been summarized as “Lake Erhai experience” to be
used for reference to other rivers and lakes. In 2010, the water pollution management framework
of the Lake Erhai which is based on six key projects was rewarded with the first prize of the
scientific and technical award by Ministry of Environmental Protection of the People’s Republic
of China.

3. Experiences of water pollution management in the Lake Erhai watershed

The incidents of algal bloom happened in 1996 and 2003 are difficult to erase from local
people’s memory. Since 2003, the Dali government has spent more than 2 billion yuan (US$299
million) to improve water quality of the Lake Erhai. Although this large environmental investment
is so hard for this underdeveloped area, they got this achievement done on schedule. At present,
the water environmental quality of the Lake Erhai is changing for better. What is more important,
the later environmental protection work could be benefit from “Lake Erhai experience”. Thus, it
should be realized that water pollution management experience of the Lake Erhai is derived from
heavy cost in environment and economy. Therefore, it is very precious. Without a doubt, the “Lake
Erhai experience” can offer water pollution management reference for other rivers and lakes in
China and other countries over the world. Sharing the “Lake Erhai experience” is a significant
thing to do.

(1) Clear purpose and management strategy

“One clear objective”: The objective of water environmental protection of the Lake
Erhai is to make water quality reach II level of Chinese surface water quality standard.

“Two integrations”: The integration of pollution sources control and ecological
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restoration; the integration of engineering measures and management measures.

“Three transformations”: The transformation from in-lake water quality improvement to
watershed pollution management; the transformation from special problem treatment to
comprehensive treatment; the transformation from special department governance to collaborative
management by departments at all levels.

“Four focuses”: Four focuses of water pollution management are urban wastewater
treatment, ecological restoration of lakeside, environmental improvement of influent rivers and
agricultural non-point sources pollution treatment.

“Five innovations”: Innovations on mainly five aspects of awareness, mechanism,
system, legal system and technology.

“Six key projects”: Six key projects for water pollution management in the Lake Erhai
watershed includes: 1. Comprehensive environment improvement for influent rivers; 2. Urban
environmental improvement and infrastructure construction; 3. Ecological restoration and
construction in the lake; 4. Soil and water conservation; 5. Environmental management and

capacity building; 6. Agricultural and rural non-point sources pollution control.

(2) Long effective management mechanism

Because the water pollution management of the Lake Erhai watershed was always on
both Dali City and Eryuan County account, the problem of overlapping management was in
serious trouble. In 2004, Jiangwei town and Shuanglang town which were belonged to Eryuan
County were incorporated into Dali City, and moreover Lake Erhai Administration Bureau was
transferred into the governance system of Dali City. Therefore, from then on all the Lake Erhai
was only governed by Dali City.

The responsibility for water pollution management was delegated down to managers of
each-level department. The pollution management area and internal rivers of every town were
cleared divided. Special person was employed to be in the charge of every river reach.

These two points have been incorporated into the new “National Water Pollution
Prevention Law, China” which was enacted in Feb. 2008. This is one contribution of “Lake Erhai

experience” to Chinese water environmental protection.

(3) Much attentions on legal system building

For a long time, the Lake Erhai stores flood with bad water quality in summer and
autumn seasons but discharge clean water to generate electricity in winter and spring seasons. The
low water level accelerated the deterioration of water quality. On the basis of the repeating
scientific verifications, in 2004, according to legal procedures “Management regulations of the
Lake Erhai” had been revised. The lowest water level of the Lake Erhai was raised from 1971 m to
1972.61 m to ensure ecological use of water. In the Chinese 10" five year period (2001-2005),
besides for the “Two Cancels”, local government legally carried out the “Three Returns, Three

Restorations”. Simultaneously, sand excavation on the mountain along the lake was regulated.
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From 2004 on, closing lake and prohibiting fishing for the time of half a year in the Lake Erhai
was implemented. In addition, Dali government also enacted the implementing measures in the
terms of solid waste management and bottomland management. All above regulations and policies

supplies legal ground for water pollution management in the Lake Erhai watershed.

(4) Relying on technology extension and application

The monitoring network of water quality in the Lake Erhai and agricultural non-point
pollution sources in the watershed was scientifically established. On the aspect of the influent
rivers, the monitoring frequency of water quality was once a month. Underwater topographic map
of the Lake Erhai with 1/5000 scale and land topographic map with 1/500 scale were surveyed and
mapped. The digitization of the Lake Erhai was primarily finished and the information
management system was also primarily constructed. The Research Center of The Lake Erhai was
established specifically for research and development of water pollution control technology and
management in the Lake Erhai watershed.

In Chinese 11" Five year period (2006-2010), due to the strives of local government, the
biggest scientific research project of environmental protection after new China founded, namely
Major Science and Technology Program for Water Pollution Control and Treatment, set the Lake
Erhai as pre-eutrophication lake to make pollution prevention research. This national research
project attracted a lot of good researchers and a large amount of research fund to support
technology development of water pollution measures in the Lake Erhai watershed. Particularly,
technologies for diffuse sources pollution control experienced considerable progress in the
watershed. So far, not only domestic technology development, but also technology introduction
from other countries has contributed to water pollution management in the watershed such as
Johkaso technology introduced from Japan and ecological dry toilet technology introduced from

Europe.

(5) Innovative investment and financing system

Treatment and management of water pollution needs a large of money. Only in the
Chinese 11™ five year period (2006-2010), the total investment of water pollution management
was approximately 1.5 billion RMB. Therefore, local government was always seeking the
effective investment and financing system to raise fund from various channels (YANG: 2009).
Firstly, incorporate water resource rates of the Lake Erhai into the local water rate. There is 1
RMB per cubic water used for water management of the Lake Erhai. Secondly, seek the help from
bank.In the first season of 2009, Finance Bureau of Dali Prefecture won the money of 0.46 billion
RMB from the World Bank to specially use for pollutant intercepting dam construction along the
Lake Erhai, and in May of the same year, won the credit loans of 70 million RMB from Prefecture
Bank for six key projects construction. Thirdly, rely on the social power. For example, Denglong
River wastewater treatment plant (5000 m3/day) took lead in adopting BOT (Build, Operate and
Transfer) model to attract investment of 3.5 million RMB from Zhongqing Technology Limited
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Company. Besides, try actively to get the support from state and national capitals. So far, the
objective of investment and financing goes well. It is vital to ensure the efficiency of water

pollution management of the Lake Erhai.

(6) Public participation

Water environmental protection is a regional and systemic project which needs lead by
government and participation of the whole social members. Dali prefecture attaches importance to
enhance the consciousness of environmental protection from children. The protection of the Lake
Erhai appears in textbooks for middle and primary school. Meanwhile, environmental protection
concepts have been promoted through various approaches such as newspaper, broadcast, wall
newspaper and television. Propaganda of environmental protection can be seen everywhere in the
Lake Erhai watershed (Figure 13). The awareness of “Lake Erhai Clear, Dali Prosperous” and
“Protecting Lake Erhai like protecting our eyes” is so deeply into local residents’ mind. The
achievement of local water pollution management is closely linked with the support of public

participation.
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Figure 13 Propaganda of environmental protection can be seen everywhere in the Lake Erhai watershed
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Removal of Nitrogen and Phosphorus with Low-Concentration by
Constructed Wetlands Integrated with Calcium Silicate Hydrate and Zeolite

Chunjie LI', Deyi WU !, Zhenjia ZHANG !, Hainan KONG !

This study discusses how to construct a wetland system with mixed and enhanced substrates and
improve its ability to remove nitrogen and phosphorus nutrients. Based on the characteristics of low
concentration and high flow of rivers flowing into lakes, tailwater out of cities and landscape water, zeolite,
calcium silicate hydrate (CSH) which can collect nitrogen and phosphorus are added in the gravel, the
commonly used substrate of constructed wetland.

CSH is an inorganic material synthesized by 150°C-210°C hydrothermal process. With calcium
oxide and quartz powder as raw materials, CSH has a strong capability of removing phosphorus. Such
removal is based on crystallization theory, according to which the phosphate anions combine with calcium
ions to produce hydroxyapatite, and the hydroxyapatite attaches to the seed crystal.

Zeolite is natural aluminosilicate with good adsorbability. Its inner ducts and cavities have a great
many exchangeable cations, which ensures its strong exchangeability of cations with no influence on its

frame and structures. Such structures and exchangeability of zeolite determine its good adsorbing effect.

1. Experiment of CSH and Zeolite Filter Columns
1.1. Materials and Methods

The test apparatuses are shown in Diagram 1. The filter columns are made of PVC pipes, each
with an inner diameter of 9 cm and overall height of 80 cm. Ten-centimeter-thick gravel was put at the
bottom of filter columns as supporting layers, with the diameter of pieces of gravel being 1-2 mm. The
filtering media, whose thickness is 55 cm, was placed on the supporting layer. The available depth of water
was set to be 70 cm. There are 4 sets of filter units, numbered Column 1, Column 2, Column 3 and Column
4. Column 1 was filled with CSH only, Column 2 with zeolite only, Column 3 with a CSH/zeolite ratio of
1:3, and Column 4 with a CSH/zeolite ratio of 1:1. After measured, porosity of the four filter units ranged

from 64.72 to 69.55%.

1 School of Environmental Science and Engineering, Shanghai Jiao Tong University
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1. original water tank; 2. peristaltic pump with single inlet; 3. filter column;
4. supporting layer of gravel; 5. CSH; 6. zeolite

Diagram 1. Four sets of filter columns

The objective of the experiment was to test the capability of the filter columns to purify the
sample sewage at filtering speeds of 0.7 m/s, 0.175 m/s, 0.058 m/s, and 0.029 m/s, respectively. The
apparatuses operated continuously and measurements were taken for 7 consecutive days at each hydraulic
point. The filtered water was taken every day and measured for concentration of phosphate and ammonia

nitrogen with ammonium molybdate spectrophotometry and Nessler’s reagent colorimetry.

1.2. Results
1.2.1. Effects of Phosphorus Removal

As shown in Diagram 2, at the same filtering speed, the filter column containing only CSH can
remove the most phosphate. And at speeds of 4.2 m/d, 1.392 m/d, and 0.696 m/d, the removal efficiency on
average of the filter columns was: Column 1 > Column 4 > Column 3 > Column 2. When the filtering
speed was 16.8m/d, the four columns produced similar effects. From this we know that CSH is more active
in removing phosphate. When the filtering speed changed from 16.8 m/d to 0.696 m/d, the average removal
rate produced by the filter column containing only CSH improved to 96.81% from 84.68%, while the
average removal rate by the filter column containing only zeolite fell to 75.13% from 83.79%. As for the
filter columns with mixed substrate, smaller filtering speeds, produced better phosphate removal effects.
Among them the filter column with a CSH/zeolite ratio of 1:1 removed 96.39% phosphate on average,

higher than that of the 95.39% removed by the filter column with a CSH/zeolite ratio of 1:3.
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Diagram 2. Effects of phosphate removal at different speeds
1.2.2. Effects of Ammonia Nitrogen Removal

As shown in Diagram 3, when the filtering speeds were 16.8 m/d, 4.2 m/d, and 1.392 m/d, the
average removal efficiency of the filter columns was: Column 2 > Column 3 > Column 4 > Column 1.
When the filtering speed was 0.696 m/d, the effects produced by the four columns were similar, with the
lowest rate of 76.29% produced by Column 3, and the highest rate of 77.44% by Column 2. It shows that
natural zeolite plays a leading role in dynamic adsorption. At different filtering speeds, Column 2, Column
3 and Column 4 had a similar removal rate. As for the Column 2 with only zeolite, a smaller filtering speed
resulted in a better average removal rate, increasing from 62.06% to 85.11%. But when the speed of
filtering increased, the average removal rate declined to about 77%, without much variation found. The
pattern of variation of Column 3 and Column 4 with mixed substrate was similar to that of Column 2.
When the original filtering speed fell from 16.8 m/d to 4.2 m/d, the average removal rate will undergo
obvious changes. As for Column 3, the rate increased to 82.56% from 57.36%. For Column 4, the rate
increased to 77.19% from 55.84%. Later, when the filtering speed continued to fall, changes were less
obvious. From the above it can be seen that adsorption of ammonia nitrogen greatly depends on zeolite, and

the best effects will be realized when the speed reaches 4.2 m/d.

O Column |

(=1 -]

B Column 2

B Column 3

NH,*-N (%)
W o N O
[— I — ]

B Column 4

Average removal rate of

HRT=1h HRT=4h HRT=1Zh HRT=24h

Diagram 3. Average removal rate of ammonia nitrogen at different filtering speeds
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2. Effects of CSH and Zeolite as Mixed Substrate on Subsurface Flow Constructed Wetland

This study investigates the purifying effects of a subsurface wetland system on landscape water
by setting up a new subsurface flow constructed wetland device with natural zeolite and CSH as its
substrate. Comparing the device with one having gravel as substrate will allow us to observe how the

device treats less polluted landscape water.

2.1. Materials and Methods
Two horizontal subsurface flow constructed wetland devices are designed and constructed. The
devices were built with 8 mm PVC, each with dimensions of 1.3mx0.5mx0.70m (LxWxH), as shown in

Diagram 4.

A A et Y

I Witar layar

I e T e T o B o e B o e o I —  HALET

B e ey e I, B e e e Hixed substrates

e | I Al Bf Pf Pof B Pk

Diagram 4. Analog devices of horizontal subsurface flow constructed wetland

Vertical thickness of the substrate was 0.55 m (the depth of available water was 0.47 m) and the
overlaying soil was 0.10 m in thickness. The roots of reeds planted in the soil could reach the bottom of the
device. The inflow trough, constructed wetland device and outflow trough were placed along the direction
of flow. Perforated plates were placed between the above three devices to ensure the water flow was
well-distributed. The lengths of the inflow trough, constructed wetland device and outflow trough were
0.05 m, 1.20 m and 0.05 m respectively. Among them, one device with natural zeolite and CSH (the weight
ratio is 280 kg : 24 kg) as mixed substrates was marked HW3; another one with only common gravel (with
a weight of 537 kg) as substrate was marked HW4.

Natural zeolite: the diameters of the zeolite particles ranged from 3 c¢cm to 5 cm. This natural
zeolite is mordenite with some quartz and feldspar. The cation exchange capacity measured by the method
of ammonia nitrogen adsorption can reach 1.77 mmol/g (which is equal to the largest adsorbing capacity of
ammonia nitrogen 24.78mg/g).

CSH: The diameter of particles ranged from 3 cm to 5 cm. The main ingredient of CSH is
xonotlite, which can efficiently remove phosphorus from water; with a removal capacities that can reach

137mg/g.
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Reeds: the reeds had well grown roots; when transplanted, their buds and roots must be kept
complete. The mud adhered to the roots was cleaned off before the experiment; after the reeds were divided
into small groups consisting of several stalks complete with buds and roots, they were transplanted in the
constructed wetland. The space between groups was 15 cm*15 cm, with 21 groups in each device.

This experimental device was placed inside the glass house beside landscape water in the botanic
garden of SJTU. The experiment lasted from June 15, 2011 to June 2012. The hydraulic load was 0.3

m3/m2d.

2.2. Results
2.2.1. Effects of Total Phosphorus (TP) Removal

TP Concentration C=aHW 3 TP Concentration WA TP Concentration
=fi=HW 2 TP Removal Rate =ir—=HWd TP Removal Rate

0.5 - 100
045 l &
g 040 - f./f.\ S
E a5 -
= a0 =
- 0. 30
: :
R » §
E 020 E
E Lo
E 0,15 “ E
S o o
008 o
000 + =60
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Testing Period

Diagram 5. Effects of TP removal produced by the subsurface wetland with mixed substrate

As shown in Diagram 5, the removal rate of TP in HW3 varied from 22.0% to 78.1% (with an
average of 60.8%), while HW4 produced lower removal effects. But in HW4, TP concentration of outflow
remained below 0.2 mg/L. The Ca®" ion produced by the CSH substrate in HW3, and Ca?*, AI**, and Fe’*
produced by the substrate of natural zeolite could easily adsorb or crystallize the water-soluble phosphorus
in the water so as to remove water-soluble phosphate. While the TP removal of HW4 only depends on the

absorb of plants, being with less effect of gravel.

2.2.2. Effects of Total Nitrogen (TN) Removal

The effects of TN removal in the two horizontal subsurface flow constructed wetland devices are
shown in Diagram 6. When the concentration of inflow TN was 0.54 mg/L to 1.91 mg/L, the removal rates
in HW3 and HW4 reached 27.6% to 93.2% (with an average of 50.5%) and 8.4% to 86.3% (with an
average of 41.2%), respectively. Although the removal rate varied widely, the device with mixed substrates

performed better than the one with only gravel as substrate.
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Diagram 6. Effects of TN removal by horizontal subsurface flow in constructed wetland

3. Conclusion

Zeolite and CSH have strong capabilities of removing ammonia nitrogen and phosphate
respectively, and so do the substrates mixed with CSH and zeolite applied in the subsurface flow
constructed wetlands. They showed to be more efficient than the constructed wetland with gravel as
substrate. Different operation modes can be chosen since the mixed substrate can bear different hydraulic

loads.
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Study and Evaluation of the Service Function of Lake Erhai

Jie XIE!, DeyiWU'!

1. Preface

Lake Erhai is not only the main source of drinking water for Dali City, but also the heart of Cangshan and
Erhai National Nature Reserve and Scenic Spot, with the functions of regulating climate, protecting biological
diversity, ensuring water supply for the economic development within its basin, making it the key element for
sustainable social and economic development within the basin.

However, in the past focus was placed on only the ecosystem service function of Lake Erhai, given that it
could provide resource products of market value and direct use value. At the same time, the other ecological
functions of the natural ecosystems of Lake Erhai were ignored, and as a result, serious degradation occurred to its
ecosystem. A series of ecologically unsound development projects started in the 1980s have impacted the lake
environment. This led to changes in Lake Erhai ecology, a loss of large areas of beach and wetland, serious pollution
of off-shore areas, and a decrease in biological diversity. Its water quality was downgraded from class II~III in the
1990s to its current class III water critical state. The purpose of this paper is to provide reference for protecting the
ecological environment of Lake Erhai and promoting the sustainable use of the service function of Lake Erhai

through the study and evaluation of the status of its ecological service function.

2. Study Content

With the purpose of forming a clear understanding of the ecosystem service function of Lake Erhai and
providing a basis for the development and implementation of environmental policies together with economic and
social data, and to pursue the sustainable development of the social economy and promote the sustainable
management of the ecological system, this paper presents a detailed study of the following service functions. These
include (1) drinking water source; (2) aquatic product supply; (3) fish habitat; (4) tourism and recreation; (5) water
purification by lakefront.

2.1. Service function of drinking water source

Dali City is rich in water resources, and normally it can meet the needs of urban development and
construction. At present, there are 5 waterworks in Dali City, with a water supply capacity of 75,000 m?/d; Lake
Erhai is the main source of the water supply of the city; Cangshan Stream and other springs (Crane Creek, Peach
Stream, Meixi, Jisheqing, Zhongzhuangqing, and Baolinqing) act as supplementary water sources in the rainy
season and wet years.

Tao FAN etal. have carried out detailed research on the present situation of the water resource
environment of Dali City (Tao FAN: 2007). In 2004, the total water supply of Dali City (the 4 city subdivisions of
Gucheng, Xiaguan, Fengyi and Haidong) was 209,000 m*/d (76,300,000 m?/a), of which domestic water accounted
for 55%, water for industrial and agricultural production 32%, water for the service industry 10%, and water for

urban areas 3%. For a long time, the groundwater of Dali City remained relatively free of exploitation, but with the
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gradual increase of urban water consumption, the use of the groundwater supply now shows a trend of increasing.
The amount of groundwater accessed in 2004 was 8,070 m*/d (2,946,000 m?/a). Until recently, the water resources

in Dali City have been sufficient to meet the needs of urban development and construction, as shown in Table 1.

Item In2010 In2015 In 2020
Total water demand 2.5656 2.8 3.26
Urban water supply demand 0.6725 0.8898 1.3934
Rural water supply demand 0.1426 0.1597 0.1161
Livestock water demand 0.0199 0.0199 0.0199
Agricultural irrigation water demand 0.8864 0.8864 0.8864
Aquaculture water demand 0.8442 0.8442 0.8442
Available water resources 11.34 11.34 11.34
Controllable water through water
. 2.293 2.293 2.293
conservancy projects

Usable water of Lake Erhai by year 7.264 7.264 7.264
Groundwater 2.769 2.769 2.769
Evaporation of Lake Erhai -0.486 -0.486 -0.486

Drainage of Lake Erhai into lakeside -0.5 -0.5 -0.5

Data source: “Special Plan of Water Supply and Drainage Engineering for the Municipal Utilities of Dali City”, 2005

Table 1. Analysis of water resources and projected total demand of water in Dali City(100million m*/a)

The water quality of Lake Erhai in 2001 was class 1I; in 2003 the water quality of the lake partly fell to
the standard of class IV according to the “Environmental Quality Standard for Surface Water” (GB3838—2002)
but its overall level was restored to and kept at class III during the period between 2004 and 2007. Hongxing WEN
et.al. (Hongxing WEN: 2011) researched the total density of algal cells at the three monitoring points of Tuanshan,
Caicun, and Haidong in 2008 and 2010. Their result showed that the total density of algal cells at these three
monitoring points was range from 0.21x10%L to 28.8x10%L between July, 2008 and December, 2010. In addition,
the variation trend of density was the same as that of the water quality mentioned above, and in both cases, the water
quality was higher in Tuanshan than in Haidong, with the lowest being in Caicun. During the monitoring period, the
general density of cells at the three monitoring sections decreased year by year, among which the maximum value
appeared in December, 2008, and the minimum in April, 2009.

Haidong, Jinsuo Island and Tuanshan were places with heavier pollution in the Erhai Area, and
cyanobacterial bloom once happened in large areas of these locations according to the data record of Lake Erhai. The
relative quantity of algae and biomass are basically in line with the pollution level of organic pollutants within the
lake region, and algae are relatively concentrated at Haidong, Caicun and Tuanshan. So we can see that the quality of

the water supply of Lake Erhai has gradually become better in recent three years.
2.2. Service function of aquatic product supply

Lake Erhai is rich in fishery resources, mainly consisting of three categories, fish, shrimp, and shellfish.

(1) Fishery resources

132



Historically, the fishery resources here have mainly consisted of the native species uniquely owned by
Lake Erhai, including the yellow shell fish (a common name for native carp) with high economic value, Racoma
(Schizothorax taliensis), Oilfish (Poropuntius exiguous), P. sinensis Bleeker (Barbodes daliensis), and crucian carp.
And the introduction of exotic fish species has led to the decrease of native fish species of Lake Erhai. Baohan DU
et.al. discussed the dynamic change of the fish species in Lake Erhai during the 1950s and 1990s (DU: 2001), stating
that the population of crucian carp rose suddenly in the 1980s, with the production of crucian carp accounting for
over 70% of the total annual catch of Lake Erhai in 1980, making it the primary species of fishery of Lake Erhai,
while the harvesting of Taihu whitebait and rough fish began to increase after the 1990s.

Jihui FEI et.al. (Jihui FEI: 2011) conducted a detailed study of the annual harvesting of fish of Lake Erhai
from 1990 to 2008 (Figure 1).
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Figure 1 Fish harvesting of Lake Erhai from 1990 to 2008

Figure 1 shows the fish harvesting status of Lake Erhai from 1990 to 2008. We can see from Figure 1 that
the annual fish harvesting of Lake Erhai in the 1990s showed great fluctuations and a downward trend as a whole,
decreasing to its minimum value in 1999 with a harvest of only 1899.8 tons, which to some extent may reflect
negligence in the present fishery management. According to research records, the number of fishing boats in Lake
Erhai increased sharply from the mid-and-late 1980s to the mid-1990s, even reaching 5,488 in 1995 (ten times that
of 1985, with an average of 1.5 boats per hundred mu water area); in the 1990s the successful introduction of new
Taihu whitebait with its high economic value greatly stimulated the fishing effort, but due to the type of
finely-woven fishing nets used, a significant number of underdeveloped fish were also caught. The falling
reproductivity of fish populations may be the main reason why fish harvesting continued to fall in the 1990s and
dropped sharply at the end of the 1990s. Lake Erhai has improved its fishery management since the start of 2000,
leading to a rise in natural fish catches; average annual fish harvesting reached 4,907.95 tons; and annual fish
harvesting after 2005 reached more than 5,000 tons. According to the study, large areas of beach dragnet are
distributed along Haiyin Village of the town of Wase in the east of Lake Erhai, producing 500 kg of fish in a single
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catch, mainly consisting of goby (accounting for about 38.7%), new Taihu whitebait (about 6.7%), minnows (about
6%) and shrimp (about 54.6%6).
(2) Shrimp resources
Originally, there was only caridina (red shrimp) in Lake Erhai, whose body is only 2-3 centimeters long.
In 1962 Dali Prefecture Foods Company introduced macrobrachium nipponensis from Kunming Dianchi Lake,
which were first raised in a fish pond of Dali Prefecture for research. The shrimp was then flowed to Lake Erhai due
to the flood in 1966. The largest harvest of shrimp in Lake Erhai was 2,759 tons (in 1992), and annual production
has reached about 2,000 tons since then.
(3) Shellfish resources
There are spiral shells in plateau lakes, which was also a specialty in Yunnan province. According to
measurements and calculations by Zhang Li of the Nanjing Institute of Geography and Limnology, Chinese
Academy of Sciences, the stock of spiral shell resources was 14,994 tons in 1982, and the biomass was quite
considerable. The maximum harvesting reached 2,700 tons in 1961, and gradually decreased in the late 1970s;
average annual harvesting of fresh spiral shell was 351 tons between 1984 and 2002.
Although in recent years, the output of fishery products in Lake Erhai has been relatively large, their
quality has decreased considerably. The main reasons are as follows, (1) the extinction of local fish species with
good-tasting; (2) massive discharges of pollutants leading to water pollution and eutrophication, which results in

rising concentrations of pollutants in fishery products and a subsequent fall in fishery product quality.

2.3. Service function of fish habitat

The overall situation of fishery resources in Lake Erhai is concerning. The social and economic activities
of humans (overfishing, introduction of exotic species) and the process of eutrophication have negative impacts on
the water ecosystem. Destroying the ecological water environment of Lake Erhai has resulted in endangerment or
extinct of the native fish in Lake Erhai, while at the same time the species and quantity of exotic fish continue to
increase.

(1) Native fish

In 1950s, the predominant biological makeup of Erhai fish were still such native species as Schizothorax
taliensis, Cyprinus daliensis, Cyprinus barbatus, Barbodes daliensis, Poropuntius exiguous (Zifu DAIL: 1990). The
species of native fish have since decreased from 17 in the 1950s to its current 8.

The diversity in biological characteristics (such as the distribution of the living area, feeding habits,
spawning habits, etc.) of the native fish of Lake Erhai is in favor of the coexistence and reasonable combination of
these species. But since the 1970s, most of the native fish have become endangered.

(2) Exotic fish species

Starting in 1962, four major Chinese carps were introduced into Lake Erhai, including black carp, grass
carp, silver carp, and bighead carp; meanwhile, many rough fish were also introduced with them. And Taihu
whitebait, transplanted there in 1983, has become the most important commercial fish of Erhai. In 1991, a new Taihu
whitebait was successfully introduced; native fish gradually became extinct; the harvesting of commercial fish (such
as the grass carp, black carp, silver carp, bighead carp, megalobrama amblycephala, etc.) reduced; and the proportion
of small geological fish rose, leading to a serious crisis in fish diversity. At present, there are 17 kinds of exotic fish,
which belong to 6 families, and 16 genera, making the number of fish species of Erhai Lake increase from the

original 17 to 34.
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Yanmin HE, et.al. (Yanmin HE: 2010) carried out research on the current situation of the fishery resources

of Lake Erhai. Figure 2 shows a comparative analysis of the three-time study of Erhai fishery resources.

Comparison of the three~time study results of Erhai fishes

s F — e ../:’:i_.,‘ Ty
= n 1
2 / \'25___

/ ‘—~&~ Number of native

ol i / 7 18 fish species

! = W == Number of invasive
IS F fish species

g /15 \ =8~ Species composition

Number of species

10
5B
oL&h—./L - SEE S S OSSN TSt |

1950s 1980s Early 21st century
Years

Figure 2 Comparative analysis of the three-time studies on Erhai fishery resources

According to Figure 2 the fish fauna of Erhai has changed greatly since the 1950s, and the composition of
fauna has changed from the original 17 native species to 32 native and invasive species in the 1980s, and is currently
26. The number of native species has decreased progressively from the original 17 to the current 8, while the number

of invasive species has increased gradually from none to the present 18.

(3) Advices for protecting the native species of Lake Erhai

The native fish of Lake Erhai have been much favored by the local residents because of their tender meat
and delicious taste. But with the blind introduction of exotic species, unreasonable fishing practices, dam
construction and the overuse of beaches, the native species have reduced sharply, which has greatly influenced the
sustainable use of local species. An analysis of historical records and the current situation indicate a need for the
following measures to protect the resources of current native species of Lake Erhai: 1) improve the composition of
fish fauna, adjust the stocking ratio of the four major Chinese carps, Megalobrama amblycephala and native carp,
and protect the rare species; 2) strengthen the system of management to ensure the normal spawning activities of the
native species and meet the requirements for juvenile fish growth, clearly define the seasons and areas in which
fishing is prohibited, ban harmful net fishing practices (such as motorized trawling, beach dragnets, traps, etc.),
perform strict fishery management to aid in the breeding and protection of main commercial fish; 3) strengthen the
management of sewage discharged by residents and factories around Lake Erhai to prevent sewage discharge into

Lake Erhai, and enhance the management of discharge of Lake Erhai water to maintain a normal water level.

2.4. Service function of tourism and recreation

Lake Erhai is one of the first places to engage in the tourism industry in Yunan Province. It is the cradle of
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politics, economy, and culture of Dali, with beautiful scenery and abundant historical culture. Surrounded by
Cangshan to the west, which functions like a natural screen, and Yu’an Mountain to the east, the ecological
environment here is very beautiful, earning it the monikers “Silver Cangshan and Jade Erhai”” and ‘“Plateau Pearl”.
Tourism of Lake Erhai has become an important part of fiscal revenue and economic development of Dali City. The
natural scenery of Lake Erhai can be summarized as four islets, five lakes, nine serpentines and eight sights. Places
of interest mainly include Natural Bridge, Erhai Park, island resorts, Luoquan Temple, Little Putuo, and Nanzhao
Island.

The Lake Erhai basin has enjoyed rich tourism resources and is a highly popular tourist destination. Over
the past 30 years of reform and opening-up, and especially since the start of the 21st century, the development of the
tourism industry of the Lake Erhai basin has made considerable progress. Figure 3 shows the number of tourists and

total social tourism revenue of Dali City.
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Figure 3 The number of tourists arriving in Dali City

We can see that the number of tourists and revenue of Dali City has been on the rise, with a slight drop
during 2002-2003, and this may have resulted from the outbreak of cyanobacterial bloom in Lake Erhai in 2003.

The ecological environment of the community has improved due to strong government support of the
environmental protection of Lake Erhai. For example, Xiangyang Village has established a sewage treatment plant,
significantly improving the water quality of rivers of Xiangyang Village that flow into the lake. Also, mountain
greening, scenic spot greening, greening of roads around the lake, and the construction of biogas all have made great
progress. However, because of the blind pursuit of economic interests, the influence of traditional unsustainable
living habits, and the ignorance of governmental administrative departments, great pressure has been exerted on the

environmental protection of the tourism community, which indicates the likelihood of further deterioration.

2.5. Service function of water purification by lakefront

Roadway corridors are the main boundary markers of the Erhai littoral zone. According to a field survey,
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the area of Erhai littoral zone is 63km?.

The littoral zone can be divided into 4 subareas. Further, each subarea can be divided into several types of
lakefront. The lakefront types in the river delta area in the north include river mouth, beach (including wetlands),
farm and dike; the lowland and flat dam area in the west and southeast include farm, river mouth, fishpond, beach,
dike, village and dock; the developed urban area and tourist area in the south mainly include dock, lakeside park,
lake leisure, beach and farm; the low hill forest area in the east mainly includes steep shore-based, tourist attractions,
dike and farm.

At present, the water level of the Erhai littoral zone has been falling. The conflict between water supply
and demand has intensified; non-point source pollution is a serious threat to the ecosystem; the lakefront is being
heavily encroached upon through activities such as invading beach areas to construct paddy fields, erecting
fishponds, filling the homestead and building docks by filling in the lake; the ecological structure of natural
communities on the lakefront of Erhai has been destroyed, which has resulted in reduced or completely destroyed
lakefront usability.

The main functions of the Erhai littoral zone are the interaction of biotic and abiotic factors within the
land-lake ecotone, and the adjustment of energy flow and material cycle within the ecotone. Enhua LI et.al. (Enhua
LI: 2011) conducted a study of the vegetation on the Erhai lakefront three times from May to December in 2009, and
identified a total of 47 families, 108 genera and 145 species of vascular plants, among which there were 15 species
of trees and shrubs, 75 wet herbs, 15 emergent aquatic plants, 7 floating-leaved plants, 7 floating plants, and 26
submerged plants, and there were 15 plant communities, such as Salix cavaleriei, Zizanialatifolia, Trapanatans,
Potamogetonmaackianus, etc. The cover area of aquatic plants accounted for 8% of the area of Lake Erhai. The
average number of species of each point was 9 and the biomass was 12.5 kg (FW)/m? with the species richness
index of submerged plant Margalef registering 1.8706. In conjunction with data analysis, we can see that plant
diversity of Erhai has strengthened and the weakening of plant diversity in the north has improved through 10 years’
management and restoration efforts. But there still exist some problems, such as a narrow lakefront, homogenous
community types of emergent aquatic plants, vegetation cover areas, decaying natural flora composition, etc. The
construction of buffer areas should be strengthened to enhance the function of the lakefront, improve the

transparency of the water body, and enlarge the cover area of vegetation of Lake Erhai.

3. Conclusion

On the basis of review of relevant literature, we have discussed the ecological service value of Lake Erhai
in the aspects of drinking water source, aquatic product supply, fish habitat, tourism and recreation, and water
purification by lakefront.

After analysis of each index, we have come to the conclusion that Lake Erhai is of high value in ecological
service function, and keeping good water quality of Lake Erhai is of great significance to the economic, social, and
ecological development of Dali City. But in recent years, the water quality of Lake Erhai has been under constant
threat and the overall ecological service function has declined year by year, for which the nitrogen pollution is
mainly from the agricultural fields to the north of Lake Erhai. Therefore, it is of profound significance to carry out

research on the management of these agricultural fields.
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xR 3FAMAEM SR = DNA B RMEE R

3.4 KEEVMRASHENXR

AT 2010 4= 8 HHEAT 7 /K DNA G 28 RS I TAF, &5 38, D1 F1 D6 & 77 #h s i X
WARREIHEFAAIE (R 3), HTE D3, D4 D5 X EEYL/KFEY D [ RAE i H i EE . Cylv 1,
CyHV 2 Al CyHV 3 #f5 /2 DNA Y9 2 , 75 1 S 2 B K 1k KK R v BB 532 1) 43 4 (DONG et
al. 2011, XU et.al. 2013).. CyHV 1 Fil CyHV 3 % []EYLfifl 4 (SANO et.al. 1985, HEDRICK et.al.
2000), 1 CyHV 2 M %4 (JUNG and MIYAZAKI 1995)A1fill 1 (DOSZPOLY et.al., 2011).

T PG 0 46km 1 A5 K AR A B 22 BE AR AR B L JLAR R I BN WIS T B B R U
7K AR RELAE 2 AT, DT SR YRR 100 90 e L e AR /K SO S50 8 B TVt o B IRTE VB U R A 1 = i
BEAFLE, TEEI0 K 2 H 7K AR A W8 R I8 I Bt R R e 2 AR, A H 095 25 A7
TE IR SR B i 0 A2 67 T VR b 91V 5 TG /K AR R 23 A BOK AR A 4 B /0 R s o DRLE, JRATT I
Ko 45 W) 0 R K AP AAN Be 3538, 0 B RB i 35 o DR 1t O 3RS /K AR A 4 7 37 7K B A v 1Y)
b AR EEAEM.

4. #5ig

(1) X VE b RNV 300 Vs 5 IR K R e AT & SRR W, V5 e el O R 3RIREED milb X4, HEK
EMPIE S S, AR a MR, JFEREM pHE. TN, RIEKAEMY
T Ay WA A AR DL R RS B E R T RE R S BTG R o IR EE R
A o

(2) VB EM e, FOME N s 32 5 % ORP 7L A B B B M . WA
RN AT 65 R G, KR AN IR SRR B A s R A e () TR N R
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An On-Site Empirical Study on the Role of Aquatic Plants
in Improving Lakefront Water Quality

Qiang XIE', Deyi WU 2, Toshifumi MINAMOTO?3, Hiroki YAMANAKA 4, Mie N. HONJO 5,
and Zen’ichiro KAWABATA ¢

1. Study background

In recent years, lake eutrophication has become increasingly severe in China, leading to a need
for more efforts to be made in protecting lake environments.

There are many lakes in China, the majority of which do not generate thermo cline due to
shallow lake. It has been recognized that there are two different kinds of stable states for shallow lakes: a
clear state dominated by submersed plants and a turbid state dominated by phytoplankton. Conversion may
occur between these two stable states (SCHEFER: 1990, Research Institute for Humanity and Nature:
2010), and the process of such conversion has two main characteristics. First, it is easy for submersed-plant
dominated states to convert to phytoplankton-dominated states, while it is difficult for the reverse to occur.
Second, submersed plants play an important role in determining the stable states (SCHEFER: 1990). By
analyzing previous study results, we can find that in a simulated ecological system. Many studies have been
carried out on the role of aquatic plants in improving water quality, and especially on the allelopathic
effects of aquatic plants (Yuanyi ZHUANG et.al.: 1995, Hongying HU: 2006, Fengmin LI: 2007). But in
studies of real lakes, there are few reports about the relationship between the two. This is because
laboratory study belongs to a semi-open system, in which temperature, air, light and other environmental
factors are all controllable; while a real lake is a completely open system, in which any of its environmental
factors is inseparable with the surrounding environment, with complex environmental factors and great
variability of time and space. In this paper, we take two plateau lakes in Yunnan, Lake Dianchi and Lake
Erhai, as the subjects of study, to provide a scientific basis for the feasible comprehensive management and
protection of lakes. An empirical study was carried out by choosing places with obvious differences in their
coverage of aquatic plants, analyzing water quality during different seasons, and confirming the influence

aquatic plants have on lakefront water quality.

2 Sampling points

On-site empirical study was carried out in Lake Dianchi and Lake Erhai (Jie XIE et.al.: 2013).
These two lakes were chosen as the subjects of study for the following reasons: (1) similar climates; (2) no
significant difference in size (298.4 km? for the former, and 250.0 km? for the latter); (3) different levels of
pollution, with the former being at the later stage of eutrophication, while the latter at the early stage of

eutrophication; (4) a difference in the coverage of aquatic plants in lakefront areas, with only 6.8% for the
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former, while over 50% for the latter; (5) the existence of a representative distribution of sampling points,
including ones well covered by vegetation, and ones with either low coverage of vegetation or even without
aquatic plants. The sampling points in both Lake Dianchi and Lake Erhai are shown in Figure 1, and the

status of vegetation coverage was listed in Table 1.

Haichsohe Village
Pyt Mzeth
‘ Shaping Vilage i‘lﬂ l
(- - e
Chngahan Village
J
N
WVillage ;I
) : - | Erhai Lake
Dianchi: Lake il :
i ™
l ES, Wilage
E1l
o -

Figure 1 ~ Sampling points of the two lakes. (Redrawn from XIE et al. 2013).

. Itam 1 2 3 4 5 ]
Narme
Quantity of
Plants ++ ++ +HHH+ + Nona Mona
Mainly
Lake submersed
Erhai Submersed | Submersed plants Submersed
Pk Tanh plants plants A Ty plants. Horm Nome
fleating
planis
Geographical | E100.2325 | E100.1561 | E100.1037 | E100.1714 | E100.2138 | E100.2T63
Coordinates | N25.6085 W25, 745 MN258266 | N250345 | N25A563 | N25.6630
Cruantity of
Chis LTEY TS Mone None - MNone EXEX )
Lake submersed foating
Dianchi plants Submersed plants
Plant Typa Adow Honae Nons plunls MNonde Afow
foating submersed
plants plants
Geographical | E1026404 | E102664 | E1026081 | E1026867 | E102.7761 | E102.6319
Coordinates NZ4 5TET N24.B414 MN24.T5TT NZ4.6979 N4 8758 N24.996

“It s esttimatied by visual inapection Bt the mane the ign “+* shows, the lamer quantity (hights denaity) of plants i and s+ indicates
the highest plart density.

Table 1. Location of sampling points and distribution of aquatic plants
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3. Results and discussions
3.1. Comparison of the water quality of the two lakes in summer, August 2010

Table 2 shows that total nitrogen (TN) and total phosphorus (TP) concentrations in Caohai (D1
and D6), which is in the north of Lake Dianchi, were the highest. As for Lake Erhai, the nutrient
concentrations of the lake water at two sampling points (E1, E2) in the west was higher than that in the east,
with the exception of E3 for TP. This result was in agreement with the one reported by Yanzhen YIN, et al.
(2011), and indicates that the nutrients pollution load of Lake Erhai mainly comes from agricultural areas in
the north and the agriculture and tourism area in the west, while the pollution load in the eastern mountain
area is relatively lower.

Table 2 also shows that Caohai (D1 and D6) in the north of Lake Dianchi and Shaping Bay (E3)
in the north of Lake Erhai had the highest electrical conductivity within their own lake areas, but D1 and
E3 contained very low levels of chlorophyll-a. Moreover, the pH values of these three sampling points were
comparatively lower, too. The increase of pH value of the lake water in summer is believed to be mainly
due to algae photosynthesis, so the lower chlorophyll-a concentration corresponds to the lower pH value
(Table 2). But the key question is: why haven’t the high concentrations of total nitrogen and total
phosphorus led to high chlorophyll-a concentration? As shown in Table 1 and Table 2, this phenomenon has
a close relationship with the coverage of macrophytes at the sampling points (D1, D6 and E3). In
other words, the existence of macrophytes inhibits the growth and reproduction of algae. The negative

correlation between the coverage of macrophytes and the amount of algae also exists in other sampling

points.
Electrical
. Quantity of
Sampling Conductiv | ORP TN TP Chl-a
. pH . zooplankton
Points ity
(mS/cm) | (mV) | (ug/mL) | (ug/mL) | (ug/L) (/10ml)
D1 7.56 0.6 231 9.54 0.175 59.1 2
D2 9.55 0.43 207 4.85 0.139 60.9 0
D3 9.52 0.44 204 4.70 0.118 78.4 1
Lak D4 9.96 0.46 190 6.23 0.118 148.5 0
ake
. . D5 9.54 0.41 203 4.48 0.142 87.5 0
Dianchi

D6 8.85 0.66 226 8.92 0.319 87.3 33
Average Value | 9.16 0.50 210 6.46 0.168 86.9 -

Standard Devia
. 0.86 0.10 15 2.25 0.077 32.6 -

tion

E1 8.62 0.26 189 0.65 0.029 231 -
E2 8.33 0.28 230 0.76 0.062 15.9 -
E3 7.89 0.36 253 0.63 0.050 2.7 -
E4 8.85 0.25 215 0.26 0.032 21.6 -
Lake Erhai E5 8.95 0.27 218 0.29 0.040 371 -
E6 8.86 0.26 224 0.27 0.030 19.1 -
Average Value | 8.58 0.28 222 0.48 0.040 19.9 -

Standard Devia
i 0.41 0.04 21 0.22 0.013 11.1 -

ion

Table 2. Water quality of the two lakes in summer, August 2010
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3.2. Seasonal changes of the water quality of Lake Erhai

In addition to the above mentioned water quality investigation, we continued our investigation
and sample analysis of the 6 sampling points of lakefront areas of Lake Erhai during 2010 and 2011 (Figure
2). There was a great difference in the water quality of different sampling points. Judging from different
seasons, the redox potential in February and May was higher than in August and November, while the pH
value and electrical conductivity showed no obvious seasonal differences. Total nitrogen and total
phosphorus were higher in August and November than that in February and May, and nutrient
concentration reached to the highest in November. Such a pattern of seasonal change of nutrient
concentration was in accordance with the results that were reported by Yanzhen YIN, et.al. (2011). The
chlorophyll-a concentration that reflects the amount of algae also had obvious seasonal changes, with
higher concentrations in August and November, and lower ones in February and May. The factors
influencing the greater amount of algae are mainly caused by the higher water temperature, light and
nutrient concentration in water. It is worth noting that the water temperature in November was clearly lower
than that in May, but the chlorophyll-a concentration in November was significantly higher than that in
May. Therefore, we believe that the amount of algae in the lakefront of Lake Erhai is mainly influenced by

the nutrient concentration (TP).

35 35
304 g —B— Tempsaratura L3n
] —8—Chi-a I
5] L2g =
2 i ['8
3= 1 o e
a e I
L&} [ E
104 | L1o 2
5: i— . =2
Aug 2010 Mov 2010 Fab 2041  May 2011
Dete
(1§ 0.08
—A—TH
TP
06 Lo.os

T™ {mglL)
=]
.
—
=
E
'I'Fﬂrhg‘L]

- F

Aug 2010 Mov.2010 Feb 2011 May 2011
Date

Figure 2 Seasonal changes of total nitrogen, total phosphorus, temperature and chlorophyll-a in Lake Erhai.

(Redrawn from XIE et al., 2013)
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3.3. Inhibition mechanism that macrophytes perform on algae

The inhibition mechanism that macrophytes perform on algae is as follows (Xiangcan JIN:
2001): (1) the competition between macrophytes and algae for nutrients; (2) shading effects; (3)
allelopathic inhibition; (4) aquatic plants are able to create a more stable water environment and nurture a
high density of zooplankton, which then preys on large numbers of phytoplankton; (5) physical effects. In
an open and changeable lake area, it is unlikely for macrophytes to inhibit algae through their competition
for nutrients in Caohai in the north of Lake Dianchi and Shaping Bay in the north of Lake Erhai because
they had the highest nutrient concentration. The plants in D1,D6 and E3 were mainly submersed plants,
therefore, the effect of inhibiting the growth of algae through shading effect is believed to be limited.
Moreover, submersed plants cannot absorb as much algae as emergent aquatic plants, so there is no
physical effect. It is deemed that the main reasons for lower chlorophyll-a concentration are the secretion of
allelochemicals by macrophytes to inhibit the growth of algae and the predation of zooplankton. Density
of Daphnia zooplankton was clearly higher in Caohai of Lake Dianchi (Table 2). The degree of
eutrophication of Lake Erhai was relatively low, and though zooplankton was not observed in the
0.5L water sample collected in E3, it is very likely that the density of zooplankton in this area was higher

than that in the area without macrophytes.

3.4. Relationship between the condition of aquatic plants and viruses

DNA virus detection was performed at August, 2010, and no viruses were found in the D1
and D6 areas where the content of nutrients was high (Table 3), but they did exist in the D3, D4, and D5
sampling points where there were fewer submersed plants. Cyprinid herpesvirus 1(CyHV 1), Cyprinid
herpesvirus2 (CyHV 2) and Cyprinid herpesvirus3 (CyHV 3) all belong to DNA viruses. CyHV 1 and 3
specifically infect common carp (SANO et.al. 1985, HEDRICK et.al. 2000), while CyHV 2 infects goldfish
(JUNG and MIYAZAKI 1995) and Carassiusauratusgibelio (DOSZPOLY et.al., 2011). The fish diseases
caused by these viruses have been reported in many countries including China (DONG et.al. 2011, XU et.al.
2013).

The aquatic vegetation on the 46 km lakefront in the west of Lake Erhai has been basically
restored, and the several bays and estuaries in its east also have a good distribution of aquatic vegetation.
Because of this, the lakefront vegetation and water quality of Lake Erhai are far better than those of
Lake Dianchi. These three viruses were not detected in Lake Erhai, and no viruses were detected in Caohai
of Lake Dianchi either, which has poor water quality but more aquatic plants. On the contrary, the sampling
points where viruses were detected are all located at the lakefront of Dianchi where there is no or very little
aquatic vegetation. Therefore, our detection results probably suggest that aquatic plants can not only inhibit
the growth of algae but also viruses. For this reason, macrophytes play a very important role in the makeup

of lakes with clear water.
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Sampling CyHV 1 CyHY 2 CyHV 3
site CopicsL Cupicsl Copicsl
D1 - - -
D2 - - -

Lake g - 1608 -

Dianchi  pg - 433 _

DS 688 - -

D& - - -

E1 - - -

Lake E2 ) - -

. E3 - - -
Erhai E4 i ) }

ES - - -
E6 - - -

Lake

Table 3. Detection of the three DNA viruses at different locations of the two lakes

4. Conclusion

From these on-site empirical studies, we could obtain conclusions as below:

(1) The results of water quality analysis of Lake Dianchi and Lake Erhai indicate that the areas with higher
coverage of aquatic plants had lower content of chlorophyll-a and pH value with high nutrient
concentration. The analysis suggests that the main reason for lower chlorophyll-a concentration that the
macrophytes secrete allelo chemicals which inhibit the growth of algae and the predation of
zooplankton.

(2) For Lake Erhai, a plateau lake, the variation of nutrient concentration on its lakefront shows obvious
seasonal patterns. Judging from the results of water quality analysis of different seasons, water
temperature and nutrient concentration are important factors influencing the amount of algae.

(3) The preliminary analysis of the tested viruses in these two lakes indicates that CyHV1 and 2 exist in
the water bodies of the three sampling points with low coverage of aquatic vegetation and on the
lakefront of Dianchi, while no these viruses were detected in Lake Erhai. The preliminary results

suggest that aquatic plants have the effect of inhibiting the growth of algae and viruses.
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NT, MEOA BT A TREROBMESEZTLHIZRAINRNT L AOH Y FRHEES
nTws (K&: 2011),

LOLARREL, FEICBWTEEAR AT — 27 RV Z =DM & DT N F v 2 &k
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Governance of Water Environment in Taihu Lake Basin
—Pursuit of Effective Long-term Management Mechanism

Based on Dialogue and Collaboration—

Kenji OTSUKA'

1. Policy and Governance of Water Environment in China

In China, nearly 40 years have already passed since the initial efforts to find solutions to
environmental problems were launched. Since the 1990s, various measures have been taken,
including the enforcement of stricter regulations against industrial pollution sources,
reinforcement of the supervision and inspection against polluters and local governments through a
top-down approach that involved the central government, People’s National Congress and mass
media, and the adoption of the scheme to control the total emission control of water pollutants in
each of major river-lake basins. Despite of all these efforts, violations of environment-related laws
and regulations were frequently detected even after entering the 2000s, and the problem of water
pollution accidents recur in many parts of the country. Any optimistic view of seeing improvement
in the surface water quality of main rivers seemed out of the question. (OTSUKA: 2010) While the
government, in response to the failure with its past environment policies mentioned above, is
taking a series of countermeasures to enforce stricter rules and expand the public investment, mass
protests led mainly by the residents suffering from pollution are arising sporadically in the attempt
to directly demand the industries causing the pollution as well as the government for immediate
actions to solve the environmental problems. Under such circumstances, we are seeing a new
move to pursue the establishment of a new type of governance over the water environment, based
on the cooperation of incentivized enterprises and participation of local residents. (OTSUKA:
2011)

Nonetheless, to examine the possibility of establishing a “basin governance” in China
based on the participation of diverse stakeholders, there is a need to keep in mind that the political
aspects of Chinese basins have a lot more meaning than in Japan or other developed
countries(TURNER and OTSUKA: 2005, OTSUKA: 2008, 2010, 2012). Each basin in China
forms a complex multi-layered political arena. On the top layer is the state government that
administers the basin. In the middle are local governments around the basin that respectively claim
for their own authoritative rights, which are dispersed (split apart). In the bottom layer are various
systems and regulations that impose restrictions on the participation of the residents living along
the basin. In order to build a viable system to conserve and revitalize the environment around the
basins in China, a complex set of considerations must be taken into account. The stakeholders
range widely from the government, enterprises, residents, to other interest groups. They have
different interests and incentives in realizing an improved water environment, which need to be

carefully coordinated in order to reach a consensus about how to move on with the joint efforts to
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clean the environment. Not only are the stakeholders numerous, but they also represent many
social classes. In addition, the relationship between central and local governments is complex,
especially because the local governments are very strongly oriented toward growing their regional
economies. Moreover, the country itself is still lacking in regulatory systems that work
democratically. In other words, the institutional building for basin governance in China that
functions as a driver to find possible solutions for the recovery of water environment in this
country has to be a multi-faceted dynamic process that continues to evolve by transforming
repeatedly while the government attempts to reform its administrative systems from the top, while
voluntary actions emerge from the bottom seeking for self-governance(OSTROM:1990), and while
the negotiations, coordination and cooperation between communities that work on different
vectors come to mutual agreements, may they be interactive with each other.

In the following paragraphs, the overview of the characteristics of water environment
governance established in Taihu Lake Basin after the water crisis occurred in 2007 will be
introduced first. It will be followed by detailed description of the achievements and remaining
issues identified in the pilot project to hold “community round-table meetings” in a county-level
city nearby the lake that has been carried out for the last four years in an attempt to find a
workable mechanism for the general public to participate in the making of a viable system for
conservation and healthy use of their valuable water environment. Lastly, the feasibility of a
bottom-up governance in Taihu Lake Basin and the challenges that need to be addressed to realize
such form of governance will be discussed. (OTSUKA: 2010, 2012)

2. Water Environment Governance in Taihu Lake Basin Since the Water Crisis in 2007

In mid-April of 2007, blue-green algae bloom occurred in Lake Taihu earlier than usual.
By the end of May that year, the surface of the water source of lake Gonghu where the largest
intake to supply water to Wuxi City in Jiangsu Province is located was literally blackened with the
abnormal massive bloom of blue-green algae. On May 29", the tap water for drinking and other
domestic use supplied to become stale, emitting abnormal odor, and affected the lives of
approximately 2 million citizens to which this water was regularly supplied. Until the municipal
authorities declared on June 5™ that the city water is safe, speculative stocking of water spread
among the citizens who rushed to the stores to buy bottled water because they could not receive
their regular water supply from their faucets. As an ad-hoc countermeasure, the city selected
several sites as tentative clean water supply centers, and the local media continued to report the
latest progress in the recovery actions taken by the government to calm down the citizens from the
panic mode. (YANG : 2008)

From the 1980s, the eutrophication of Lake Taihu accelerated as the amount of influent
polluted wastewater discharged from plants, farmlands, and residential areas increased. Due to the
massive blue-green algae bloom in the eutrophied lake, the local supply of tap water faced a
critical state in several occasions in the 90s. (XIE: 2008) The water crisis that occurred in 2007
became widely known to the public as a social issue through the detailed coverage of both
domestic and international media. This incident not only pressured the local and national

leadership to take urgent actions, but also became a trigger for the water environment policy
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implemented in Taihu Lake Basin to take a drastic turn.

The water environment policy implemented in Taihu Lake Basin is going through a
dynamic process of adjustments made by different levels of complexly structured local and
national government bodies that continue to affect each other, while local projects and attempts to
reform the system set the mainstream approach to lead and drive the progress of necessary
changes (as local initiatives) under the supervision of the state. (OTSUKA:2010). During the
several years that have passed since the water crisis in 2007, the water environment policy
implemented in Taihu Lake Basin has gradually but definitely come to shift from policy reform
planning stage to policy reform implementation and coordination stage.( OTSUKA: 2012)

However, when viewed from the standpoint of basin governance, the water environment
policy implemented in Taihu Lake Basin is mainly based on top-down policy reform and project
implementation, and bottom-up approach driven by disclosure of information and participation of
the general public is limited to sporadic activities. Moreover, the local government is
implementing new incentive mechanisms, such as, introducing economic incentives and
performance assessment system, to reinforce the top-down governance. To make these new
mechanisms function effectively, there is a need to monitor them extensively, and to do so,
disclosure of information and participation of the general public are essential. Furthermore, past
water conservation efforts in Japan suggest that the process to improve the water environment of a
lake, which is a closed eco-system, will inevitably be long-term, and the success of such long-term
approach will only come when, not only the government, but also all the other corporate and
private stakeholders communicate and collaborate well. (OTSUKA et.al.: 2011)

3. Pilot Community Round-table Meeting in Taihu Lake Basin

Since the water crisis in 2007, various policy reforms and comprehensive
countermeasures have been put into effect in Taihu Lake Basin by the national government and
various groups in the local levels. Following the crisis management phase and policy reform phase,
this region is now in the transitional phase where the activities are becoming more and more
oriented toward the direction of new policy implementation and coordination. The current
challenges are to figure out how to ensure the viability of policy reforms and comprehensive
countermeasures, and maintain their effectiveness. In other words, there is a need to define the
appropriate method of managing the environment sustainably for a long period of time. In this
respect, one significant attempt to promote the dialogue and collaboration between key
stakeholders in the basic level was the arrangement of “community round-table meeting”.

The term “community round-table meeting” refers to the mechanism to gather those
representing the governments, enterprises and local residents around one table to discuss and
exchange thoughts about local environmental issues. In China, various pilot projects and
institutionalized mechanisms to promote disclosure of information and participation of the general
public on environmental policies are being established (OTSUKA: 2010), and community
round-table meeting is one of such initiatives that originally began as a pilot project in 2006 in
Jiangsu Province under the cooperation of the World Bank, and was later defined more specifically

in the “Working Guideline of Institution of Environmental Information Round-table Dialogue”
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established in 2008(WANG, BI and GE:2009). Triggered by this pilot project in Jiangsu Province,
the Institute of Developing Economies (IDE) and the Center for Environmental Management and
Policy(CEMP), School of the Environment, Nanjing University launched a joint study on the
social experiments carried out by the participants of the community round-table meetings with a
common aim to promote the dialogue between the governments, enterprises and local residents on
matters pertaining to environmental conservation.

A region where this joint study conducted was Yixing City, an industrial county-level
city that was faced with a serious problem of polluted substances flowing through the waterways
running through this city and eventually flowing into Lake Taihu. Selected as the site of the
community round-table meeting in this city was Y District, which is an economic development
zone that attracted numerous industrial players that have long been in dispute with the neighboring
farming villages. This is also near the area where new “Shequ (urban communities)” are being
built on the vacated farmland that were once inhabited by the farming villagers who have accepted
the urban redevelopment plan to move to a newly developed residential apartment for the purpose
of making more open lots available for corporate use. These new Shequ have also emerged as the
center of attention for bringing about additional environmental issues that were attributable to
poorly developed infrastructure, in addition to the environmental pollution caused by the
enterprises operating in the economic development zone.

From 2008 to 2009, three community round-table meetings were held in Y District (on
December 3%, 2008, and on January 8" and August 6", 2009), and one in G Shequ (on December
8, 2009). Among them, the meeting scheduled in January 2009 was held mainly for the purpose
of reviewing the matters discussed in the previous meeting in December 2009.

In the years 2010 and 2011, two workshops were held (one on September 24", 2010 and
the other on August 10™, 2011) in Nanjing City, where the members of Chinese and Japanese study
groups, including the author (myself), and the local keypersons contributing to the building of
community round-table meetings in their localities assembled to find ways to improve the pilot
program for organizing community round-table meetings, and to identify and share the issues that
needed to be addressed. Through these two workshops, the aforesaid participants exchanged
opinions on the comprehensive process of how to make the community round-table meeting work,
beginning from how it should be prepared, then implemented and finally followed up after holding
the meeting. The opinions from the members of the Japanese study group included the
introduction of similar experiences the local residents in various parts of Japan have gone through
in the past. (Also, China Environmental Forum of Woodrow Wilson International Center for
Sclolars, based in Washington D.C. has co-organized with CEMP and IDE to hold study tours and
workshops in Nanjing (Janauary 2010), D.C. and Chicago in U.S.(August 2010), and Tokyo and
Suwa in Japan(December 2011) for the purpose of studying three countries experiences on public
participation in lake basin governance.) On November 18, 2010, the residents in G Shequ
organized a meeting of their own, followed by the community round-table meeting in S Shequ on
January 15, 2011. On December 10", 2011 and February 18, 2012, two community round-table
meetings were held in G Shequ. The author participated in the G Shequ residents meeting held in

October 2010 as an observer, and conducted post-meeting interview sessions to the participants of
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the three meetings held in November 2010, and in January and December 2011, for the purpose of

gaining hands-on information on the latest status of local environment issues. (Table 1)
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4. Possibility and Issues of Bottom-up Governance in Taihu Lake Basin

Among the various pilot programs carried out so far, community round-table meetings
indicated that the residents and enterprises based in Shequ and the government can get into a
constructive three-way talk. Table 1 shows that the theme selected for each community roundtable
meeting differed slightly each time. Although these pilot programs have been aimed at making the
residents involved in the process of finding solutions to the water environment issues in Taihu
Lake Basin, the dialogue with the residents must be considered a top priority for any community
event to be successful. Another thing that became increasingly clear was that the residents and the
leaders of Shequ shared a common interest in investigating the problem of environmental
pollution caused by the enterprises and poor public management in each Shequ.

One of the problematic factors that led to the water environment issues in Taihu Lake
Basin was the environment pollution caused by the enterprises. Naturally, it was included as one
of the agenda in the first community roundtable meeting held in December 2008. The residents
who attended this meeting, however, were more concerned about the direct adverse effect on

regional environment in general, rather than on the water environmental pollution itself. In the
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roundtable meeting, they not only complained about the poor water environment, but also raised
their angry voice on problems like bad odor and soot dust. Moreover, the theme selected for S
Shequ round-table meeting held in January 2011 was “Agriculture, Lifestyle in Farming Village
and Protection of Water Environment”. But the farmers in this district assembled to this meeting
with the common interest on the problem of water environmental pollution caused by wastewater
discharged from the local plants. The organizers of this roundtable meeting claimed that for
conservation of water environment, the treatment of wastewater discharged from plants and
households is not the only counteraction that must be considered, but also the farmers needed to
re-examine and change their conventional methods of farming that relied heavily on the abundant
use of fertilizers and agrochemicals. On the other hand, the farmers expressed their dissatisfaction
in the way the problem of wastewater discharged from the plants manufacturing chemical
fertilizers in Y District was handled by giving the damage of aquaculture caused by this
wastewater as an example of how seriously their living environment is ill-affected.

For having a dialogue with the enterprises, the problem was how to coordinate between
the government, enterprises and Shequ leaders to come up with an agreeable method to organize
the round-table meetings, which will be discussed more in detail later on. Although the residents
in Y District where many enterprises have gathered were very keen about the environmental
pollution caused by these enterprises, they seem to be cautious about holding a direct dialogue
with the enterprises. The residents who participated in G Shequ round-table meeting in December
2011 expressed the dissatisfaction they had been feeling for a long time about the environmental
pollution caused by the enterprises, but also said that they were reluctant to talk directly to the
enterprises because they thought that it was the “role of the village leaders” to hold a dialogue
with the enterprises and not theirs. In Y District, the enterprises and the residents were frequently
in dispute on who should be responsible of maintaining the environment. One of the leaders of Y
district commented that holding a roundtable meeting regularly was a desirable solution to prevent
such disputes from escalating, and that it was very important for the government, enterprises and
residents to keep on communicating between each other.

Other issues of concern raised by the residents and the community leader in G Shequ
round-table meeting were about the problems related to environmental sanitation, such as,
draining of wastewater from a remodeled facility that originally designed as a garage, field
burning and litter scattering in residential areas. Moreover, many of the participants of G Shequ
roundtable meetings held in December 2011 and February 2012 believed that these problems
related to environmental sanitation were caused mainly by the migrant workers who came from
outside of the city. It should be also noted that there were not a few remarks that the “residents’
subjective behavior” might have also been the reason for such sanitary problems to arise. (Table 2)
These points have been the focus of the second round-table meeting held in G Shequ in February
2012, following the first meeting in December 2011. Specifically, the problem of remodeling the
15 floor of the garage occurred as a result of the lack of understanding of the users’ needs in the
design phase. In the residential area of 3™ term construction plan undergoing within G Shequ, the
remodeling of the garage itself was underway. The problem was that the residents were not aware

at first about the need of connecting the remodeled garage to the drainage pipe. The fact that this
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recognition has started to spread among the residents can be perceived as one of the

accomplishments of holding a roundtable meeting.

community round-table meeting [ Community round-table meeting
in Dec 2011 at G shequ in Feb 2012 at G shequ

[Major reasons of environmental sanitary problems in the community(plural answers)]

Government does not take any effective measurements 6 (21) 8 (31)
Industries do not act pro-environmental protection 2 (7) 3 (12)
Local community does not organize residents well 5 (18) 6 (23)
Many problems owe to migrant labors 15 (54) 17 (65)
Local resident s act self-aware behavior 12 (43) 10 (38)
Others 0 (0) 0 (0)
No/not efficient answer 4 (14) 0 (0)
Total answers 44 a4

Source: complied by the author based on results of questionnaire survey in community
roundtable meetings.
Note: () indicates % among total samples in each meeting.

Table 2 Perception of environmental sanitary problems in the community

Y District is an area that is transforming from a village to a Shequ for the purpose of
aggregating the blocks of land and using them more efficiently. The public management of Shequ
is an issue for not having appropriate governance over the residential area. This problem is not
only affecting G Shequ, but is also considered as one of the common issues affecting the urban
communities developed in other cities of China. (KOJIMA: 2011) For an appropriate governance
to work, the residents have to be involved and can do so in many different ways, including
community round-table meeting, which can be considered as one of the effective means to solve
the issue of poor public management of urban communities.

According to the leader of G Shequ who has cooperated with this joint study project in
organizing the community roundtable meeting, this Shequ had voluntarily ran four separate
round-table meetings of their own, prior to the community round-table meeting organized as a part
of the pilot program for this joint project. In these voluntary meetings held in January, March,
April and November of 2011, the residents, government officials and police officers discussed
about various issues in G Shequ, including the environment, sanitation and social order. The
leader of G Shequ said that the residents were hesitant at first about participating in this meeting,
but became more actively involved as they got used to attending this meeting in subsequent rounds.
This case example shows that community round-table meeting in G Shequ that initially started as a
pilot program for this joint study is now gradually evolving into an autonomous dialogue
mechanism within the Shequ.

The extensive development of community round-table meeting seen in G Shequ is still

one of the few “successful” cases. For a community round-table meeting to work out successfully,

169




there apparently seem to be several requisites that need to be met: the experience of this joint
study tells that there must be one or more serious issues in the community that the residents feel a
desperate need for them to be resolved; the leader of the community must have a strong will to
solve these issues; the community must be able to gain a certain level of support from the local
government authorities; there must be a local group of experts that can coordinate the
participation of all the different stakeholders that have an interest in these issues (in the case with
this joint study project, the study team of Nanjing University served this role), among others.
Nevertheless, even when these requisites are fully met, a large challenge yet remains, which is -
how to secure the “legitimacy (SABATIER et.al.:2005) of organizing” the community round-table

meeting in the context of current governance system in China.

5. Conclusion

Based on the past efforts and experience in promoting dialogue and collaboration in
Japan and other developed countries, we can see that the various programs currently implemented
to support the water environment policy enforced in Taihu Lake Basin have been effective in
making the stakeholders recognize the necessity of “participation”. However, these programs have
not been able to make the stakeholders realize the need for “restoration through their mutual
collaboration”. And most probably, the reason why it is so difficult to institutionalize any
experimental approach like the community roundtable meeting in this basin is because the key
stakeholders including the local government do not share the need to “restore” the environment
“by collaborating”. Moreover, other mechanisms to promote the participation of the general public
should also be examined, besides the roundtable meeting. What kind of roles can the specialists on
any given issue play to make the best use of their expertise? How can NGO (NPO) be involved in
the overall process? These are some of the questions that still remain unanswered.

In examining which mechanisms are workable, one thing is clear from the experience of
experimenting with the community roundtable meeting. It is not only the government, research
institution or NGO that makes a mechanism work. It is the community leader who is
knowledgeable about the actual conditions of the community and also trusted by the community
that plays the key role in driving the mechanism. To elevate the level of participation to a new
stage where dialogue and collaboration can be further induced, various challenges lie ahead,
including the reform of policy support programs, examination of diverse workable mechanisms,
and development of community leadership.

To seek for the restoration of the environment in Taihu Lake Basin that is adaptive and
sustainable for a long term, there is a need to keep in mind that top-down form of governance has
limitations in supporting the environment policy enforced in China. In the context of Taihu Lake
Basin, the changes in the political, economic and social basins must also be taken into account.
From here onward, the main theme to discuss and explore for new system building should be about
how to incorporate bottom-up mechanism into the new system.

Going forward, it is desirable to continue holding community round-table meetings as a
forum for mutual learning to build up a system of participation and collaboration for maintaining

and enriching the public space in the community that shares the same environment. If the
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participants of this meeting can nurture their literacy and stewardship necessary for the pursuit of
participation and collaboration through trials and errors, they will most likely be able to project a
more promising outlook toward reconstructing the publicness of their community (SAITO: 2000)

with their own hands.
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Interdisciplinary Study of Watershed Governance
— Using the Agricultural Turbid Water Problem of Lake Biwa as Reference —

Shigeo YACHI'

1. Watershed management issues: watershed management perspective with focus
on hierarchy

Generally, watersheds have nested structure (hierarchy) originating from the water
system, and human activities have been carried out overlapping such hierarchy. Diversified
stakeholders related to watershed management are distributed in different hierarchical levels.
When the hierarchical levels are different, differences in the “interpretation” of the problems of
watershed surface occur, and the watershed management does not proceed well because various
communications are obstructed including the control of interests. In this article, the
communication obstruction between the stakeholders that originate from the watershed hierarchy
is positioned as the most important issue in the watershed management (WAKITA: 2005). Based
on the result of the Research Institute for Humanity and Nature’s research project E-01 (CR)
Multi-disciplinary Research for Understanding Interactions between Humans and Nature in the
Lake Biwa — Yodo River Watershed (FY2002 to FY2006) (WADA:2009), and using the

agricultural turbid water problem in Lake Biwa of Japan as a reference, 1) the overview of the

“agricultural turbid water problem” based on the “human and nature interaction loop” perspective
and 2) the communication method to facilitate watershed governance based on the “hierarchical

watershed management” perspective will be introduced.

2. What is the agricultural turbid water problem in Lake Biwa watershed?

The Lake Biwa — Yodo River watershed is one of the most impacted watersheds by
human activities in Japan. This watershed is largely composed of the Lake Biwa watershed at the
upstream and the Yodo river watershed at the downstream. The Lake Biwa watershed coincides
nearly with Shiga prefecture, includes the largest freshwater Lake Biwa, and the rice growing farm
belt stretches on the lakeside plain from the east to the north of the lake. By contrast, a
metropolitan area including large cities such as Kyoto and Osaka stretches in the lower Yodo river
watershed, and about 14 million people rely on the water from Lake Biwa. Triggered by the
eutrophication in the 1970’s in Lake Biwa watershed, legal restrictions through environmental
standards and technical measures such as the increase of the coverage of the sewage system were
taken against the pollutant load from the land. As a result, in recent years, the countermeasures for
non-point source load, including the agricultural turbid water, to be described later, have relatively

gained attention as important issues.

1 Center for Ecological Research, Kyoto University
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7

Shiga

Prefecture
Mount Kajin
(262m)

Lake Biwa
Uso
Aisei Land River
Improvement District

Echi River

Figure 1 Agricultural turbid water flowing from lakeshore into Lake Biwa (top) and the location of Inae district

of Hikone city (bottom) : excerpt from (WADA: 2009) p.70, Fig. 2-2-1 and p.76, Fig.2-2-9

In the rice growing agriculture, the rice paddies are irrigated and the soil is plowed
(“shirokaki”) before transplanting the rice seedlings, in order to make the rice paddies flat so that
the rice paddies hold water well and become easy to farm. The turbid water after the shirokaki
slowly and naturally flows down, and sometimes is forced to drain without waiting for the mud to
settle down (forced drainage). Or, it flows out through the holes in the ridges between rice paddies
or overflows due to rainfall. This turbid water that flows out into the drainage is collected into the
medium and small size rivers of the region and ultimately flows out from the mouth of the river
into Lake Biwa. “Agricultural turbid water problem” is the concern, that people perceived as a
problem, for the impact of this turbid water on the Lake Biwa environment when its inflow,
containing nutrients such as the soil particles, nitrogen and phosphorus, was conspicuously seen
visually around the holiday period of April to May, especially in the lake shore stretching from
eastern Lake Biwa to the northern part (Figure 1). Agricultural turbid water is one of the typical

non-point source loads and it is difficult to reduce the impact of the agricultural turbid water
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through hardware type of countermeasures alone such as legal and facility preparations, and
software type of countermeasures such as the communication with the respective farm households
who undertake the actual farming is important.

In light of such background, this project has been conducting a research focused on the
agricultural turbid water problem in Lake Biwa watershed as a watershed management study from
hierarchy perspective and a model for human—nature interaction system. We have treated Lake
Biwa watershed as a nested structure, and for convenience sake, established three spatial
hierarchical levels for the agricultural turbid water problem in Lake Biwa watershed - Lake Biwa
watershed (Shiga prefecture): macro scale, Shiga prefecture Hikone city Inae district: meso scale,
the local communities in Inae district: micro scale (Figure 2). In addition, we have been

conducting four groups of humanities and sciences interdisciplinary research in ‘“material

EEINTY s

cycling,” “social cultural system, and “watershed information modeling” for each
of the hierarchical levels (YACHI et.al.: 2007, WADA: 2009). Below, the impact of the

agricultural turbid water problem will be discussed in section 3, and the social background from

ecosystem,’

which the turbid water problem originated in section 4.

Local communities in Inae district

Lake Biwa watershed Regional Society

Figure 2 Hierarchy structure of Lake Biwa watershed and “hierarchical watershed management”

3. The impact of the agricultural turbid water problem

First, in order to investigate what the impact of the agricultural turbid water has on Lake
Biwa, various stable isotopes and trace elements were used as the environmental index to track the
physical relationships among the lake, rivers, and people. From an investigation at the macro scale
level of Lake Biwa watershed, the results from inspection of the stable isotopes ratio of sulfur and
strontium in the 41 rivers flowing into Lake Biwa indicated that the cause of the recent change in

water quality (stable isotopes composition) lie mainly in the medium and small size rivers that
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drains into the agricultural area in the eastern region of the lake. From the fact that the stable
isotope of sulfur included in agricultural fertilizer and the stable isotope composition of strontium
of the exchangeable component in the eastern lake plain strata and soil match the values from the
medium and small rivers, a scenario has appeared where various acids generated from the
agricultural activities leached the mineral components from the plain soil and rocks and caused the
change in water quality in the lake water.

Next, because the activities of the organisms of the lake are restricted by the presence of
phosphorus, the level of impact the medium and small rivers of the lake’s eastside has on the
eutrophication of Lake Biwa was investigated through field experiments with the cooperation of
the farmers at the site. The water quality of the medium and small rivers changes with the
environmental changes such as the fertilization and irrigation of the rice paddies in the vicinity.
Also, the concentration of phosphorus and nitrogen in the agricultural turbid water changes greatly
depending on the pattern of water management. As a result of evaluating the load of agricultural
turbid water from a “forced drainage”, which represents a rough water management, 117 kg of rice
paddy soil, 0.605 kg of nitrogen, 0.146 kg of phosphorus per 0.3 ha of rice paddy were found to be
discharged. When this result is applied to the entire rice paddies in the Lake Biwa northern lake
catchment watershed, 11.4% of nitrogen and 27.1% of phosphorus originating from household
wastewater is discharged in a single forced drainage. In other words, even though the turbid water
occurs for a short period (about a day), it is responsible for the 0.8 to 5.3% of nitrogen and 13.5 to
42.3% of phosphorus flowing into the lake’s northern part. The result represented by this fact
indicates that the potential impact of the agricultural activities on the medium and small rivers of
the east of the lake is enormous on the water quality and eutrophication of Lake Biwa, and that the
bottom-up activities such as the detailed water management and the cleaning of the waterways by
the local residents are effective and necessary for the environmental conservation of Lake Biwa.

On the other hand, it is found that there is increase in pollution such as the decrease in
the dissolved oxygen concentration and generation of methane gas in the riverbeds of medium and
small rivers due to the build-up of the soil silt from this type of turbid water. In other words, in the
spatial hierarchy at micro level, the turbid water problem manifests as “autoregressive type”
where the farmers cause the deterioration of the waterfront environment of the farming
communities. Also, from the hearing investigation of mainly the fishermen, it was pointed out that
there is a danger of the turbid water causing damages to the fishing activities of the fishermen of
the coast. That is to say that at meso level, the turbid water problem manifests as
“aggressor-victim type” in which the farmer, the cause, and the fishermen, the victim, are separate.
Furthermore, when the turbid water inflow from local societies continue, and other human activity
loads come into play in a compounded manner, then the regime shift becomes a concern in which
the eutrophication of the entire lake at macro level is accelerated and the water quality is
drastically degraded (“global environmental problem type”). Namely, the turbid water problem
changes its type and increases the spatial and time scale in which the problem occurs as it moves
through the micro, meso, macro and their spatial hierarchy. The turbid water problem is a

“compound problem” that is continuous but has different type and scale. (Table 1).
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Eutrophication, Damage to Degradation of
Regime Shift | Fshing industry lakeside
envirgnmant
Hierarchy Level Macro Meso Micro
Ard Lake Biwa Lakeside district | Walerways, eic
Criginalor Farmers Farmers Farmers
inchuded
Victim Lake waler Fishermen Local residents
usans including farmers
Substance DO, N, P 55 55, mud
Distance Long Mediurm Short
Tirmie scale Long Mediurm Short
Type Gilobal Aggressor Auloregrassive
Environmental Wictirm
Problem

Table 1 Turbid water problem is “compound problem”: (WADA: 2009) edited excerpt from p.80 Table 2-2-12-1

4. The social background in which the turbid water problem occurred

The analysis of the social and policy background of the “upstream” that generates this
type of “compound problem is just as important as the analysis of the downstream (impact) of the
turbid water problem discussed above. Series of land improvement projects were advanced in the
east of Lake Biwa under the postwar Japan agricultural policy such as the agricultural field
improvement project, increased mechanization of rice farming, widespread usage of chemical
fertilizers and pesticides, the irrigation pipeline from Lake Biwa, and the complete separation of
irrigation and drainage (Figure 3). As a result, the water management entity of the rice paddies
changed from the community to the individuals and the agricultural irrigation and drainage
volume increased. On the other hand, as a result of the increase of the Type 2 farmers with side
business, aging, and lack of successors, the water management becomes rough and the agricultural
turbid water problem manifested itself. The point to note in the course of the occurrence of this
historical turbid water problem is that, in close view, the introduction of the modern irrigation
system accompanying the regional land improvement projects manifested the turbid water problem
(Figure 3). In the background, however, there was a national policy for the modernization of
agriculture. It can be said that despite the fact that this modernization policy has increased the
agricultural productivity, it decreased the water management environment (rice paddies included)
held by the communities as an unintended result. The burden on Lake Biwa from this agricultural
turbid water has been left ignored as an external diseconomy, and it is difficult to say that there is
any effective countermeasure or plan that has been put into practice.

The period before and after the high economic growth in Japan when the land
improvement projects have been progressing was an important phase when the human and the
nature interaction system drastically changed in Japan even though it was for a short duration.
Especially in Lake Biwa—Yodo River watershed, the stabilization of the water volume change and
the irrigation demand requests in the downstream Yodo river watershed were timely reasons to
start the refurbishment of Lake Biwa as multipurpose dam and a compensating development of the

upstream Lake Biwa watershed, and the human and the nature interaction system greatly changed
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into an advanced artificial system. The Lake Biwa agricultural turbid water problem is also a part
of the problem of a drastic change in the Lake Biwa—Yodo River watershed that manifested in the
rice growing agriculture region. Currently, the resilience of Lake Biwa, including the danger of
the drastic change in the ecology of the lake due to eutrophication, is progressively reduced, while
in the agricultural district of the eastern part of the lake, both the agriculture and the local society

are in a period of great transition and is in midst of searching for the right path to the future.

(a) Irrigation across multiple rice paddies

(b) Post field improvement

Land improvement district pump facility imigation canal

Management by ndividuals
Figure 3 Change of Irrigation System: (WADA: 2009) excerpt from p.76, Fig. 2-2-8

5. Proposal of a Hierarchical Watershed Management System

The “compound problem” characteristic of the turbid water problem in which the
problem manifests differently according to the hierarchical levels, is an example of the important
factor in the obstruction of communication between the hierarchical levels. Also, in the
agricultural district, there are other pressing problems aside from the turbid water problem such as
the successor problem and the future of farming. This kind of difference in problem recognition
between the hierarchical levels also causes the obstruction of communication. When this kind of
reality is the premise, the proposal and the direction that we offered in the course of our research
was a “hierarchical watershed management system” that incorporated an adaptive management
(WAKITA: 2005) (Figure 2). The word “hierarchical” is not used to advocate that the watershed
management system should have a hierarchical structure. Instead, it is to urge caution that the
watershed has hierarchy that causes the stakeholders to have different recognition of problems,
and that the watershed management should be thought through with this fact in mind. The two

important points in the “hierarchical watershed management” are 1) “the appropriate adaptive
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management (PDCA cycle) and 2) bidirectional communication between the hierarchical levels.

In other words, by 1) developing the detailed method for “watershed diagnosis” that is
needed for adaptive management for each hierarchical level, and supporting the watershed
management by the government and local residents, and by 2) connecting the environmental
diagnosis methods for each of such hierarchical levels and, at the same time, by enriching the
communication circuit, the process of discovering the management method for the entire
watershed that takes into consideration the individuality of each hierarchical level becomes the
basic strategy of the “hierarchical watershed management.” The detailed methods for the
“watershed diagnosis” are index, model, GIS (Geographic Information System), hearing
investigation, workshop, survey, etc. By linking these various methods of “watershed diagnosis”
in a coordinated manner, and promoting the communication of the diversified stakeholders
distributed in the hierarchical levels, the “governance” for the cooperative management of the
watershed can be established and the watershed management through “involvement, participation”
and “collaboration” can be constructed. In the next section 6, the important communication

method especially at meso and micro scale levels will be introduced.

6. Probing the local society and environmental conservation connection

Hearing investigation was carried out in the 35 local communities of the investigated
district for the management related to water environment and irrigation and the result was
combined with the detailed data of the surrounding areas of the investigated district and the data
related to Lake Biwa watershed and then stored into the GIS database. A workshop was held in the
three communities in the district based on these results. It is an attempt to support the creation of
the image of local environmental goal by the residents, themselves, using maps to discuss where
the “beautiful shores, pleasant shores” are, and then think about the future of the local water
environment. Also, in regards to the farm management and the future of farming, based on the
principal component analysis utilizing the agricultural census, the results of the typification of the
current status of farm management reorganization and successors in 29 communities surveyed
indicated that there are differences in the future farming development possibility for each
community. This representative result indicates the need for the development of communication
method that assumes the individuality of the communities.

Also, workshops were held in 6 communities of the investigated district, to verify the
effect of providing the information of water conservation status and conservation activities based
on the investigation results of the said district on the farmers’ environmental conservation
awareness and activities. As a result, although it was shown that 1) rational persuasion (the
scientific information is presented, such as the chemical substances that cause water pollution and
the biological impact, and risk recognition and typical attitude by the farmers are promoted) leads
to the promotion of the typical attitude of “the environment needs to be protected”, it does not lead
to the promotion of the will to act. On the other hand, 2) emotional persuasion (information such
as the affection for the district and living things is presented and social norm evaluations and will
to act are promoted) is shown to be effective in the promotion of the will to act. Also, for the

combined condition 3) rational and emotional persuasion, both the typical attitude and the will to
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act toward reducing the turbid water were promoted. In the 4) control group, to which no
particular information was provided, the providing of current situation information and
discussions among the participants were shown to be effective and the workshop itself was
verified to be effective. In this manner, it is shown that is important to present information from
various perspectives so as to make the connection between the environmental conservation and the
problems specific to the local society when there is promotion of farmers’ attitude and actions
toward turbid water reduction.

These efforts, of course, do not lead to immediate solution to the agricultural turbid
water problem. However, I think that when the local residents at meso and micro scale levels
recognize their own pressing problems such as the farm management and the future of the local
society, and think about the image of the future local farming overlapping with the local and
immediate problem of water environment, and create an environment to investigate the turbid
water problem, it will lead to the solution to the turbid water problem of the entire watershed that
is based on watershed governance. In order to achieve it, with the local individuality as a premise,
an effective method for the promotion of the communication, the environmental diagnosis
methodology and the adaptive management to support the local resident-initiated environmental

conservation activities becomes necessary.
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Epilogue

Hainan KONG!

Lakes are among the most important natural aquatic ecological systems which the mankind
depends on for living. In the course of thousand years of human civilization development, lakes have
been providing a number of ecological service functions for people, such as serving as the source of water
for industries and agriculture as well as drinking water, providing aquaculture products, tourism and
amusement, and helping climate regulation and water purification. It can be said that, on one hand, lakes
demonstrate their economic and cultural values for the mankind, and on the other hand, the environment,
functions and values of lakes are being altered by the mankind. In fact, because of the overdevelopment of
lake basins and the overexploitation of the ecological functions of lakes, as represented by eutrophication
problems and disasters, speeding ecological degradation and disappearance of lakes are seriously
threatening the global lake ecological systems. In the gaming of economic and social development with the
protection of lake environment in lake basins, how to build a harmonized relation between human and lakes,
coordinate the protection of lake ecology and sustainable service functions, has become a world-wide issue
highly concerned by lake researchers in different countries.

Lake and River Environment Engineering Research Center of Shanghai Jiao Tong University
(SJTU) has established partnerships with the Research Institute for Humanity and Nature (RIHN) in Japan
since 2006, and my team has cooperated with the team led by Professor Kawabata from this Japanese
Institute on research projects for years. Our cooperation covers changes of human activities on lake
environments, the correlation of lake environments and lake ecological health (in particular the occurrence
of pathogenic organisms and their hazards) and protection countermeasures for lakes as well as other topics.
Our common presence includes Lake Biwa, Lake Chaohu, Lake Taihu, Lake Xihu, Lake Dianchi and Lake
Erhai, with Lake Biwa and Lake Erhai being the two key lakes for our research. Over the past 7 years, we
have achieved a number of innovative results in our cooperative research.

Natural science, human and social science and engineering science all belong to science in terms
of an academic discipline, and they are equally important in pushing forward human civilization.
Management of lake environment issues is a complex and difficult task, which cannot be achieved without
common efforts by scientific and technical workers from different research fields. Scientific research
programs in lake ecologies and aquatic chemistry, and Engineering research programs in reduction of
pollutant emissions are very important. However, it is people that have been making improper use of lake
resources and damaging lake environment and they need to improve their environmental awareness and
education level. People need to well understand and deal with the relation of people and lake, so as to build
a coordinated relation between lake protection and exploitation via sound lake management. And all of
these cannot be achieved without humanistic and social researches. Based on this concept, in January 2013
SJTU and RIHN held an international workshop on the Current Situation and Futurability of Lakes in the

Minhang Campus of SJITU, and liberal, scientific and engineering scholars from more than 10 universities

1 School of Environmental Science and Engineering, Shanghai Jiao Tong University
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and research institutions in both Japan and China conducted academic discussions and exchanges on lake
environment restoration and administration from different disciplinary perspectives such as lake ecologies,
lake water environment restoration, human and social science, preventive medicine. This book is written by
all scholars based on this seminar.

Cross-link of different scientific disciplines is an important source for technical innovation and
development. Each writer of this book not only excels in a certain fields but also pays close attention to the
current situation and future of lakes. With different perspectives, research methods and contents, they
have a common research target. Though there are a number of existing publications on lake ecological
theories and eutrophication controls, we deem that comprehensive researches on lake restoration and
management from liberal, scientific and industrial perspectives are of utmost importance. In this sense, it
can be said that, this book has made a good try and I also hope this book may broaden this kind of research
and inspire more people to participate. As both time and writers” knowledge level are limited, defects and
shortcomings may be inevitable. Any comments and opinions will be highly appreciated.

In the course of translation and publication of this book, RIHN Initiative for Chinese
Environmental Issues (RIHN-China) offered us great support in terms of fund, and in the course of its
publication, Shoukadoh Book Sellers also offered great support to us. Here I would like to extend my

sincere gratitude to both of them.

July 2013, Shanghai
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