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Abstract: The ecosystem health evaluation remains a big problem for wetlands, because different
assessemnt indicatiors or criterions are required for assessing the corresponding ecosystem health of
diversified wetlands. In an attempt to develop a comprehensive approach to evaluate the wetland ecosystem
health.it becomes evident that the use of a single indicatior or a method would not give a picture of wetland
quality as thorough or holistic as would the application of a suit of differing indicators. The ecosystem
health of the wetland of Naolihe River drainage at the Sanjiang Plain is therefore evaluatied in this
continued section,as an application of the theoretical framework set up in the previous section of the
paper,by employing a system of indicators falling in such three groups as ecological identity indicators,the
indicatiors of functional integrity and the indicators associated with socio-political conditions. These
indicators are assigned differing weights respectively to portray the states of ecosystem health of the eight
wetland units classified mainly by the first-order tributaries of the Naolihe River and other aspects
including the physiognomy and the topography. Moreover,an integrated assessment model based on fuzzy
sets is used in evaluationg and ranking the health states of the eight wetland units.and a signal system of
traffic lights is simulated here to extend early warnings to the studied wetlands. In this study,the wetland
health is divided into such five grades as extremely healthy,fairly healthy,healthy,morbid and ill. These
health grades are denoted by a spectrum of values of an index. Where the value of a heathe index exceeds
0. 65, the evaluated wetland is identified as healthy and denoted by the green lights;where a health index
falling in values of 0. 55 to 0. 65,the evaluated wetland is at the critical edge of health and indicated by the

yellow lights,and ;the evaluated wetland is regarded as ill and marked by red lights,where the value of a
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healith index goes below 0. 55. Among the eight assessment units,when applying this evaluation system on
wetland health to them,only the wetlands of Hamotognghe River and Baoginghe River can be identified as
healthy because the values of their health index exceed 0. 65. While the two wetlands of Neigixinghe River
and Waiqixinghe River are stepping in the critical state of health.the ecosystem heath of the other wetlands
has been impaired and shows a worsening trend. Therefore, much more cares should be attached to the
impaired wetlands,and further studies on the impaired wetlands may be developed.

Key words : wetland ;ecosystem health ;evaluation;application ;Naolihe River drainage
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Table 1 Area statistics of the major wetlands from the region evaluated
Wetland classification
Wetland area e meadow  Riverine  Lake  Mash  horon paddy
The lower of 0. 06 0. 0065 4.89 0. 24
Naolihe River
Outer Qixinghe River 1.2 0. 06 0.10 0. 04 18.22 0.11 2.16
Inner Qixinghe Rive 1.21 0.07 0. 02 0.06 0.61
The up-middle of ", - 0.45 0.20 0. 004 4.43 0.003 1.03
Naolihe River
Suolunhe River 0. 21 0. 001 0. 004 0.05 0. 04 0.05
Hamotong River 0. 94 0. 001 0. 008 0. 24 0. 25 0.57
Baoginghe River 0.19 0.006  0.002 0. 64 0. 047 0. 09
Qiliginhe River 0. 24 0. 004 0. 028 0. 001 0.17
2
2.1
@) , o
2 / , .
3 s L »(GB3838-88) i o
Y] , .
(5) ( )
(6) )
( Do
) ) ,
(8) ) .
€D ) ; ;
(10) , N N N

2.2



1228

2.3

(D

¢)
3
€Y

(6
(6)
N
(®

(O
2)
3
€Y
(6]

(6)

D

(8)

€D
(10)

0.7,

0.6

hm?*

hm?

D)

/a.,

[4]

’

kg/hm?,

kg/hm?,

22



8 . . 1229

2
Table 2 The standard classification of indicators from the ecological characters
Levels
Indicators ) o
Excellent health Health Middle health Mobidity Tllness
Fringe vegetation of , s / R <20%®
river bank and bed >80%® 60% ~80%@ . 40%~ 20% ~40%®
60%9
/ \ / : /
Brushing/Filling of © ® @
river bed
Water quality 1T I i N v
>70% 60%~70% 50%~60% 40% ~50% <40%
Supplying rater of
waterhead
>40% 30%~40% 20%~30% 10%~20% <10%
Species diversity
Individual scale of s > s R ~>200® ®
animal 209" 0~20%2 0~
209
Individual scale of s R ~ )
plant >10%" , . 0~ 10%®
0~10%" 10% %
Biomass >10%® N s >10%® >50%9
0~10%% 0 ~
10U D
<5% 5%~15% 15@“’25% 25%~35% >35%
Degradation rate of
wetlands
The state of . . s s ® R . R &
wetlands stressed ® . )

(DOriginal or native vegetation not disturbed ,coverage >>80% ; @Slight disturbance,few exotic species, coverage 60 % ~
80% ; @Middle cover and mixing original/exotic species,coverage 40% ~ 60% ; @ Intensive disturbance.,exotic species
dominance ,coverage 20% ~40% ; G)Baldness and few vegetation,coverage<C20% ; (6 Stabilization,no brushing/filling ;

(@ Only little brushing; @ Middle, affecting a part of river sect; © Evident brushing; (0 Intersive brushing/filling; @D
Individual growing bigger,no abnormality,the variety rate>>20% ; (2Bigger individual or no variety,the variety rate 0~

)

20% ; (3Slight variety,the diminishing rate 0~20% ; (9Individual becoming smaller, the diminishing rate >>20%; (5
Abnormality individual ; (0 The height and stem width increasing,the variety rate>10% ; (?Slight increase or no change,
the variety rate 0~ 10%; (8 Slight decrease or no change, the variety rate 0~ 10%; @9 The height and stem width
decrease, the variety rate >>10%; @0 Evident change on individual; @D Increased biomass.,the variety rate >10%; 22
Increased biomass or no change,the variety rate 0~10% ; @ Decreased biomass or no change,the variety rate 0~10%
@) Decreased biomass,the variety rate >>10%; @ Evident change.the variety rate >>50%; 2)No over-fishing, hunting,
mowing, reclaiming , and no gathering waterfowl eggs; @ Few or suitable fishing, nowing; @ Over-fishing. hunting,
mowing, but no reclamation; @9 Intensive fishing. hunting., mowing. reclaiming; 0 Over-fishing, hunting, mowing.

reclaiming and gathering waterfowl eggs
7 . .
( =>0.65) s ( 0.55~
0.65) s ( )
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Table 3 The standard classification of indicators from the functional integrity
Levels
Indicatiors . -
Excellent health Health Middle health Mobidity Illness
Flood o @ s s @
control
~ . ~ ~ . j”
Hydrologic © @ ® 0
regulation
Erosion <oW ’ y 5% ’
control . < 2% ~5%" ~10%" >10%"
2%®
Purifying =0w s < 5% ~10%® 10% ~ >20%®@
547 20%%
< 2% =
Habitat 23" ~5% 5% ~8%" 8% ~12%% 1295
food >5%Y 2% ~5%2 0% 0~5%% >5%%
production
Raw . N @ @ .
materials @ , ®
Entertainment ® @ W . .

@

(DGreat capatility of controlling flood ,no works attached (@ The evident capability of controlling flood with dike @) The
evident capability of controlling flood cooperating dike,reservoir and floodplain ~ @Slight capability of controlling flood ,
much cost of works (S)No capability of controlling flood (©)Increased water supply and recharge capacity (7)Increased
recharge capacity with dike (&) Increased capacity attached artificial installation (@ Decreased capacity of water supply
and recharge (0No water supply and recharge capacity (DNo soil-water loss,the variety rate of erosion<<0 (2Slight
erosion, the variety rate <<2% (3 Part of soil-water loss,the variety range 2% ~5% () Heavy soil-water loss. the
variety range 5% ~10% ()Weak capacity of erosion control,the variety rate >>10% (10Good purifying,the variety rate
0 (@DStable purifying,the diminishing rate <<5% (@8Declined purifying,the diminishing range 5% ~10% (9Evident
decrease, the diminishing range 10%~20% @0 Evident decease, the diminishing rate >20% @D Degradation degree
(DDY<<2% @DD 2% ~5% @DD 5%~8% @DD 8%~12% ©@)DD >12% @9Annually sustainable product,
the increasing rate >5% (@DSustainable product.the variety range 2% ~5% ©9Stable product,the variety rate 0 29
Decreased product,the variety range 0~5%  G0Declined product.the variety rate >5% 6DStable quality,no change on
vegetation height and stem width G)Few areas declining but no threat G3)Few areas declining but controllable 61
Evident declining on quality,and affecting production &) Internsively declining on quality,and evident change ©0High
aesthetics value,very long entertainment days Dlong entertainment days ©8Being entertainment days duping special

periods  89Short entertainment days,low aesthetics value @0No aesthetics value,no entertainment days
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Table 4 The standard classification of indicators from the social environment
Levels
Indicators
Excellent health Health Middle health Mobidity Illness
>15% 15%~10% 10%~5% 5%~2% <2%
Population stuff
<10% 10%~20% 20% ~30% 309 ~40% >40%
The intention of human
activity
2% 2%11'\’5%\\ 501m’\“8%n 8%11'\’10%1 ]O%u
Population health
=>4000 4000~3000 3000~2000 2000~1000 <1000
Index of life
>50% 50% ~40% 40% ~30% 30%~20% <10%
The using rate of
pesticide
>50% 50%~40% 40%~30% 30%~20% <10%
The using rate of
chemical fertilizer
. >80% 80% ~70% 70%~60% 60%~50% <50%
Treating rate of sewage
>1%, 1%0~5%0 0. 5%0~0. 2%, 0. 2%,~0. 1%, <0. 1%,
Idea of wetland protection
The condition of carrying @ . ® !

out policy and law

Management level

©

®

@0

(DFull carrying through and fulfilling (@Relatively conscientiously carrying out

om
@W

and manager

Simply copying with them

—

B Full waiving

(8)Absence of essential training for manager

(6)Rational machinery,high quality manager

(©Low quality manager

(3)Carrying out a part of policy and law
(7) Acceptable machinery

(0Essential machinery to manage

5
Table 5 The indicator weight of all kinds of classifications
I * 2
Indicator 1 Weight  Unifying weight Indicator 1 Weight Unifying weight
N 1/40. 25) 0. 0385
/ 2 1/20.5) 0.0769
1 0.1538
® 1 0.1538
Ecological 1 0.4 ® 1 0.1538
character © 1/20.5) 0.0769
@ 1/2€0.5) 0.0769
® 1/4(0. 25) 0. 0768
® 1/2€0.5) 0. 0769
9 1 0.1538
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2
I * 2
Indicator 1 Weight  Unifying weight Indicator 1 Weight Unifying weight
® 1 0. 2105
® 1 0. 2105
1/2 0.1053
@ 1/2 0.1053
Functional 1/2 0.2 B 1 0.2105
integrity ® 1/4 0.0526
D 1/4 0. 0526
® 1/4 0. 0526
® 1 0.1379
D 2 0.2758
d 1 0.1379
@ 1/4 0. 0345
Social 1 0.4 ® 1/4 0. 0345
environment @ 1/4 0.0345
© 1 0.1379
& 1/2 0. 0689
J 1/2 0. 0689
= 1/2 0. 0689
* % N . .
. . Comparing three indicators including ecological

character, functional integrity and soical environment,the ecological character is basis for ecosystem health,the policy and
law for emphasizing wetlands and the public understanding the wetlands are the same important elements as the ecological
character. The functional integrity would be considered as the secondary important indicator because it embodies the
integration of the above indicators. (DFringe vegetation of reiver bank and bed @ Brushing/Filling of river bed (3 Water
quality @Supplying rate of waterhead (5)Species diversity (6 Individual scale of animal (?)Individual scale of plant

(8 Biomass (9 Degradation rate of wetlands (0 The state of wetlands stressed (DFlood control (2 Hydrologic
regulation (3 Erosion control () Purifying capacity (5 Habitat (6 Food production (7 Raw materials (8
Entertainment (9Population stuff @0 The Intention of Human activity ~@DPopulation health @2Index of life @) The
using rate of pesticide @)The using rate of chemical fertilizer @) Treating rate of sewage €9Idea of wetland protection

@0the condition of carrying out policy and law @9Management level

6

Table 6 Range with the health degree from 8 wetland areas

Wetland area Health degree Rank
Inner Qixinghe River Basin 0.6229 4
Outer Qixinghe River Basin 0.6083 5
The Up-middle Naolihe River Basin 0. 6058 6
Suolunhe River Basin 0.5415 8
Baoginghe River Basin 0.6963 2
Qiligihe River Basin 0.5740 7
The lower Naolihe River Bain 0.6326 3
Hamotonghe River Basin 0.6972 1
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Table 7 The signal expression of health precaution from 8 wetland areas

) % i A MENE {§ S i < Signal showing
Ares Character Health ®iT 117
degree Creen light Yellow light Red light
PR AL 0. 8000 *—
it L pell. 133 0. 6343 -9
Inner HEBET . 6400 )
Qixinghe w#an® 0. 6229 *
River Basin
ShLE EFARIE 0. 6000 o
Hsigih pril 3 - 3oy 0. 6000 -~®
Outer HEBOHH 0. 8208 ~®
Qixinghe S5 Q. 6083 *
River Basin
Bl 4 BT 1iE Q. 5288 —®
LivRe eSS 0. 6343 — &
The H L BIGERH 0. 6586 o
up-niddle HEE 0. G058 *
Naclihe
Basin
RiGITR 4 4T 0.5413 o
gt Boi) 2 = 0. 2667 .-
Suolunhe B S Q. 5792 [ B
River Basin_ #&&{H 0.5415 *
i t0F =T 0. 7600 o
i Bsi). Y 2oy 0. 7020 [
Baoginghe HEBERE 0. 5297 ]
River Basin fE{r{H 0. 6363 *
R A= ABFE 0. 6000 -8
ke e d b3 iy o 0. 4700 o
Qiliginhe H &P R . 6000 -
River Basin @fril 0.574¢ *
BT ki oF3 113 0. 7000 .-
wrish WEER At 0. 6890 .-
The lower HEBHEHE 0.5369 -8
Naolihe LT 0. 6326 *
River Basin
Lt L E B 0. 7820 *—
HAER Al ) rogc 0, 980 e
Hemotonghe & EIHITER 0.6120 ~L )
River Basin &&{H 0. 6972 *
-'h.” 9 ‘(—” 5&1 s N*”
. (DEcological character (@Functional integrity (3)Social environment (@)Synthesis value.
“@ " expresses the health degree, “— "or “<"reflects the change trend in the last 5 years,

comprehensive behave
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