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Abstract; The estuary is a critical transitional zone between freshwater and marine ecosystems, which plays a
pivotal role in the preservation of biodiversity and the provision of ecosystem services. The ecological integrity of
estuaries is vital in the sustainable ecosystem management and conservation. This study conducted a bibliometric
analysis of estuarine ecological integrity assessment, focusing on the methodologies and the selection of relevant
indicators. The methodology primarily included physical-chemical, biological, and socio-economic indicators. The
evaluation’s significance was systematically analyzed through various indicators in several case studies. Finally, the
paper identifies ongoing challenges in assessing estuarine ecological integrity and offers several suggestions to
address them.

Keywords: estuary; aquatic ecosystem integrity assessment; indicator species method; index system method;

indicator selection

E£WME . BRELSNETT1(2021 YFC3200104)
E—1EE W OUR1998—), B W58 A FEWFS TS 0] K AR 28 S8 VAR 7 1k I, E-mail: crystallizationer@ foxmail.com
* JE{51E#& ( Corresponding author) , E-mail: fengchenglian@163.com



41

BESCANAE i FK AR AR Se A PO 7 I AT S AL 75

J SCRIAT I R R T AL ASZ A K AR I T i 32
SIS, SR 5 S KA R 1 . AR S2 K A Y
AN[E] 8] VRT3 AR AT 1 AT TR
S FAESEAY, ZORE IR IR H LT I Aes-
tus” , A WIS AT R SO A AL A7
P AR5 Wl 11 DX 3, B ACHRERT 0 2 ST s 3
AR 1T B B SCE ROIAT 1T, VR IROK 5 HE K AH B Y
SEFAL ] 1R il A AR S R G AR R R A
T, BE AR B TS T Z (] R ) Bse 4, SCR
A SRS R G ARIER T DX PR A
FJEE B BEAIIRIE 25 1, W M 25 ks H
WM, AR, B E VTSR R
RE L RCNRE: % WS 1PN S EN S )2
Wi, SECIURRY) B IR BRI ey o far 186, AL
HRAEAER AU T DX A R 2 A )
FhZ2REPE  BEOR T A A= 25D RE , [RIIEXHAT Hfir fig
PRI AR S R G 55 AT B R S e ™ ) 24
T K R U] 1/ A RS S
ROCHATIPO BAT 70 b2 3 L, AR 7T, 7K
W i R I AR bRz — o PP K
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S E W HARFIAE ELARNE
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VR ST R0 TR SR R T 1) i e I 2 IE WA )
FARC, AR P (E I R XAt i 4 21 1) 56 #& P AR
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B RGERNEN E L, 5E B M R AR S R G 4
FeHAHZU S R T RE) BE ) A R 48 152, S PP A
RS RGN R T T 45 B SRR e A
HEHZRRE I R EE SR T — A TR 20 22
90 EARHI, & UF A E 5 & JE 41 41 (Organisation for
Economic Cooperation and Development, OECD)# 7.
TR J7 IR A - 17 A ZE A5 Y (Pressure-State-Response
Framework, PSR), #iz H] T4 [ A4 IR E VF- 46 A

TR Z 71" 1989 4F , Rapport $2 H 52 3 1 R 2
BRG] HA 4edy A S5 58 B M I AE 32 2
Wa B AR E R RE 1" 7E 1992 4F | Costanza
SEETHERRGE RN E L, AR RGN XK
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FERTRANE T AT 0, T D AR RENES
FRIER R I 4% H A2 B ZEIE Bl iY 52 i 38K, X HL 58
VPPN A SEAH XS 3R RSO A 23 H AR
BEEEVEPEN 09 7 A8 AR ORI T 43T 46 [
BTN O AS RGN R RAE 2%

1 AOASTEMER T E %5 7 ( Bibliometric
analysis of estuarine ecological integrity )

R T H O T AR AR e R PR ST Y K
J DA, UL K WG Wi i 0 24 a3, 2k IR 284347
G4 HT RN SCHR B R4S Oy vk is AR ENE T A
CiteSpace , %] 1 A5 285 56 8 P PEAN I TT B AH 56 SCHR
VAT SCRk i, BB S T T 30 4E MU A9 4E
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11 KIS Bk I

A CHEHL Web of Science(WOS) % [ H 19 4%
OE B AR T 58 B R U5, SCHRZE AL ik 4%
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SEAF “ AND” FI“OR” HEH 1 R H A AT IR,
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g AT LA, B 1994—1999 4E UA /b S
Bk AR, MM 2000 FFHF 05, & SCEZW BT, 3T
2005 AER IG5 — HAR R R R KT, U
JETE 2007 AR 25, KOCE BT BB FE B
B R 7E 2012 4 & SCHE H I — R TG AR 48
Rocha 5P FTHE R Y, AT BB I A 25 0 K A 25 58
FNEEH DG AU A, B 2 1R ok
W% F), 40 Biologia Acuatica ¥ 2012 - H Il T —4>
KFAESTENEL R, 752021 4512022 4, & 3C
AR T 53 KR 58 b, E— A W % AT
(0T 95 D SN SN S 57 S SR T R RAE o
PEVEM IR SEAE T 30 ARl SR A AR
frka s RIZ G Z B T T iz o I B AR
AR U H A B 58 0 (B RN S BRI R S
1.3 SCHHn] S 28 B S Hr
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Fo PR A S ), S R T I 9 403 ) AN [ e
WIWF o BRI EAE , K2 R TR ISR B
I ) AR A ], sz Bt 1 Sl i) 7 IF 5 3R ) 5 i

Keywords Year  Strength Begin
water quality 2002 3.86 2002
chesapeake bay 2003 7.79 2003
integrity 2003 4.23 2003
biotic integrity 2002 5.14 2004
impact source 2005 4 2005
water framework directive 2008 3.36 2008
framework 2009 4.74 2009
management 2009 343 2009
system 2009 332 2009
fish 2005 32 2010
impact 2014 3.58 2014
ecosystem 2008 3.61 2016
pattern 2017 3.24 2017
sediment 2007 4.17 2020
ecological risk 2014 3.24 2020
trace metal 2017 3.44 2021
spatial disrtibution 2017 3.27 2021

2

TR, A, TR R, P R
AHFFERT 01 (2002—2023 4F), 20 28R 5] SO &
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Fig. 1 Number of publications in the field of estuarine

ecological integrity assessment over the years
Note: The number of published articles in the figure
is the statistical result of WOS database.
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A H ST EE TN TN SR 58 B AT 17 A 517 B9 At 18] B i
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G PREE TR A A [l 5 A i) Aty P 2168 B QSR SCHE R W S M A R I B
Fig. 2 Temporal mapping of the top 17 keywords in the field of estuarine ecological integrity assessment

in terms of emergent intensity

Note: The larger the value of emergence intensity, the faster the keyword’ s research popularity grows during this period;

the start time and end time represent the time when keyword emergence begins and ends respectively;

the red segment in the timeline represents the period of explosive growth in keyword research.
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FEAB RS e o Ak T A28 R G e B (A5 )

2 OB TEE TN IEFRIZE ( Indicator selec-
tion for estuarine ecological integrity assessment)
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Table 1

Commonly used physical and chemical indicators for estuary ecological integrity assessment

TRPRFIE
Type of indicator

(ACEELD

Included indicators

TRFREH]

Role of indicators

HRBE R BREE VAR R 22 1 25 A
VD iz R R R I R KR AR R AR AR

USSR
Hydrological

T 5 45

indicators!!41640!

Yy BELFE b

Physical indicators

HSE R )
Geomorphological

indicatorst! 42! stability, etc.

Salinity, substrate, depth, flow characteristics, flow

deviations, tidal and mean rainfall for sediment trans-

runoff into the sea, etc.

i e ik U R ] T R e 45

Shoreline erosion, sedimentation rates and channel

PR ST O A AU R R
Providing information on estuarine cir-

culation and sedimentation processes

port rates, flood intensity index, proportion of annual

TR SR AT 1 2R3 0 g K A W i 1
R PSRN /BB

Indicates the physical processes that
shape estuarine environments and pro-

vide critical habitat for aquatic species

pHAME E A L BERR L E )8 b

gt

Chemical indicators!+34]

heavy metals, biochemical oxygen demand, etc.

pH, dissolved oxygen, ammonia, nitrate, phosphate,

PEHESC TR MAGS R FR A i
HEYFIREE R

Provide information on the level of
pollution of water bodies, nutrient
content, accumulation of harmful

substances, etc.

FUMANKTE S A E A G REEERMNSE, &
BOE RS AT — > B — (¥ 8 bR T 12 S ey 1
AEARGEREME R, NOZ A —E B AN FE AR ok 2
HEEE AT B PEAG Y P ER Ak 2A TS bR B o R M
A FIRRT, DA R & AT DA A 25 50 B 1 Ty T 4k
SLEAA M OCYERA &ME T B AR S AR R
Y3k 2z de bR i sk S HloK A4 28 R G801 T 18
25,
2.2 R
B T BRA AR AR AL, AR W8 AR X T IEAL T
PSSO R CEE, e T XT38
B 1 R X AR R T s e 45 8., AT LA B FRAT]
T 2 RErE A RAES RGN HER
e bREE B A S R G A R YR
BRI AE W) Z2 R A5 7 TR R DU o, an b 2 ek
BRI LU FIEARTT AR S R G AN R R G 5
FUAET = B2, A Bl F R AR AR R G 45 F A:
WY Z IR A AR A AR S AL S BB Ol . PP 2
SEFE BRI AT AR B R A O A S R G A
B, CAE S PRSI FRUEEY) R R A
IEXF AR DI RE AT VAN . AR TS HESh ) | I Ui
R4 0 2 28 H 9l TSR] 11 A 25 e R PR TRA 1 22 9
FaHR , PR E AT K RN A 358 25 1 (R AR AR AR SRR

RS v, B A s A gk T A EE TR AR
Shannon-Wiener ¥8407E N 19 2 ™ 45 b, K 255 PEAL
P FE A AL 3 32 ) O g #E MR I ; Hallett %™ iz
FR ARV B0 AL T IR P e 53T 1 A A2 2
RO 5 Kido® iz F IR It A W 56 2 M 48 B0t 55 B Bk
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Hb S CELAE 6 AN TRT B #E AT BURE 43 B, TR SE T X A
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FEVS BOAFAERS B I 1 4 B AL 2 e A o
AR R T HAIROK S A S R SN & T H
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B I3 ] F AW e TR 32 B R kAT
fsEIa ] L 2R AT, Le S5 148 07 F1 M KR
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YK ZR 4 BB X AN W AR A i £ KR RTK
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WS, Tl i 8] 68 23 HE RO 5 9 R K, %t
AR S R G BB A SRR R, K SRR A A
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AR, 3 BE K IR T e T BUK AR E SR o
W2 5 kAR LK FOEAL, G SR R AR S
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IFEREREIR, XHAr AR S R G A R R Y X
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TR, #h BRI T K AL i D S B B AR AR,
S PSE Nt TR S LAV sRace oY At a1 M o ) e}
MERREKF R BA I T R AE R, WA T
it 3o o O i 0 R R R R R R LR T
I ZAEE AR R IR S5 AR D RE B AR 255 2R
A S SO K SR R ORGP ) O AR 2 R e
Fhos 22 U MR AE B P Y R R, P A K BT
FHFIGRAPRT F AR 25 R G SR A 2 2 B MUK A B v 11
HE R, T 5 AETE S S 2T R R
FAOG, PR, R T A R AR 25 R G S8 BV PR ANY 1
PEATT AR ZS SE AL VTPAN I, A 2 28 B 2R 48 AR X 3T
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3 AO%ERSTEEMEIFM % (Methods for estuarine
ecological integrity assessment)

PR R OTEE . TePn IR R il i — 20 4l 53
R FRIRPEN I SRR L | L o ik R
BRI T AR S R S B TN B, 18
R ZAEBTE R, I 38 b B0 7 Bt = 55
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L5 F SINRES . IEAF R, AR 48 bR AR 2R 1 0 52 BRI
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i ASRAE B RGN SR MR O, B 4G AR W48 B0k |
Z R RO R Y S M FR RO 3 25, 1981 4,
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Data collection Including the collection of biological, physical and chemical, ecological and other data related to |
the estuary ecosystem; such as water quality monitoring data, sediment sample data, biodiversity
\ survey data, etc. )
!
( FENCEEIBR ISR b, Sef 9] 1RSSR RV AP b s K SER bR il RE G A/ A
PO N (N T
Indi lecti »  On the basis of the collected data, the evaluation indexes related to the ecological integrity of the[
ndicator selection estuary are selected; these indicators may include biological indicators, physical and chemical
R — \_ indicators, ecosystem structure and function indicators )
[ b v N er bt S, i 7L et R A
r XPWCEE R A B A T AL FRANIN T, FTREALIR NG TE . IH—1L . ARUEMLAERAE, LIgh
—_ K0 T T T )
Data processin Preprocessing and processing of collected data may include data cleaning, normalization,
p g \_standardization and other operations to ensure dfta quality and availability )
[ - - B . ) e e — )
B PEN X SR RN B, RIS IE I R E 25 MR AGE s 5 IR r e

R SREUCOTE . RRGE . B AT LS
Indicator weight According to the characteristics of the evaluation object and the evaluation objectives, appropri-
distribution ate methods are used to determine the weight of each indicator; commonly used methods include

\analytic hierarchy process, entropy weight method, fuzzy comprehensive evaluation method, etc. )

A

1

(RS A AR R R R Aol , AT AR S Se P 5 45 s AT LRI

N

A ) Ny PR ter i atng N
AV IBGRFN, IACT-355 77 Db T4 5T p
Comprehensive The selected indicators and their corresponding weights are combined to obtain a comprehensive
assessment result of the ecological integrity assessment of the estuary; methods such as weighted sum and
\weighted average can be used for comprehensive evaluation )
s N N s - - ; I
Ty NT— TRV LR, PRI S AR AR @ SR, T8 S AR S R fRer i
SRS S FI R :
Result analysis Interpret the evaluation results and propose corresponding suggestions and measures based on 4 -
and application L the evaluation results to guide the protection and management of the estuary ecosystem )

B3 ENRGEREZEENRTRSRIERE

Fig. 3 The main content and steps of the index system method

4 AO%ESTEEITFM TR ESG (Case studies
of estuarine ecological integrity assessment )
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Table 2 Commonly used weight distribution methods for estuary ecological integrity evaluation indicators
BRI WIRES J T DAL ES]
Evaluation method Principle Applicability Applications
MR R HEATZ WAL, R TR L
e FBT T EE I R 45 R AR AR R AL KU 9 d5R A 25 3R 0 fi T DT 0 4 A R R B H b
At The evaluation index is hierarchical, ZJZZITHrit TR

Analytic hierarchy L.
and the comparative judgment method

process is used to determine the weight of
each level index
AR b 22 11 fr) 22 S i JBE R G Ik
P THRRE B ARGE , 255145
AL According to the degree of difference
Entropy weight and correlation between indicators,
method calculate their information entropy
and weight, and obtain a comprehen-
sive score
B A 0 F IR X B R AT £

S PP
Fuzzy comprehensive . . o
. Comprehensive evaluation of indica-
evaluation method . X
tors using fuzzy mathematical methods

M 3 N IR 0 IR AR Y A 4
o 2 ) ) S P VB B

Evaluate the correlation and impor-

TR E
Gray relational
analysis tance of indicators by building a gray

correlation model

Multi-level evaluation

AR Z 1) A5G P 8

L)

When the correlation
between indicators is
strong

FEHRAN X LA A B
A P QIS ERIN)
When the indicator

weight is difficult to de-
termine and the correla-
tion between indicators

is weak

i bT A R X LA E B
b o [ GR35 )
When  the
weight is difficult to de-

termine and thecorrela-

indicator

tion between indicators

is weak

Index system for the ecosystem health of the Yangtze River

Estuary and its preliminary assessment!!

BT AT ST B AR A AR T
Ecological health evaluation of typical watersheds in Xin-

jiang based on entropy weight”!!

U IX A2 R el R BRSO 252 5 AT 7 kT2
A fuzzy comprehensive evaluation method for ecosystem

health status in mining area”!

BT A8, ST 43 A 12 1 AT fR B DXV I K A 2 g
P

Assessment on river water ecological health based on grey
relation analysis in Liaohe Conservation Area!™

R R B A SRS RE R SRS RS
Y EBLE $8%0(— 2 NEE W 48 b5 i 22 B 5T 1
T A= 25 R G e B e B AR A1)

Use the EBLE index (a multi-scale evaluation index system
including environmental quality, biology and ecology, land-
scape pattern and ecosystem management) to study the in-
tegrity of the estuarine wetland ecosystem and its

changes!®!
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