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Research and prospect of ecological threshold theory for integrated ecosystem

management
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Abstract: Ecological threshold refers to the abrupt point at which the structure, attribute or function of an ecosystem
changes from one stable state to another stable state on a certain time or spatial scale. Due to the limitation of climate,
geography and other conditions, the environment in our country is fragile. At present, the degradation of ecosystem has
become the main problem of sustainable economic and social development in our country. As a key index reflecting the
steady-state transformation of ecosystem, ecological threshold can reflect the inflection point of the ecosystem from one stable
state to another, and in-depth understanding of its concept and principle is of great importance for ecosystem integrated
management and ecological security early warning. This paper elaborated the concept of ecological threshold and the
conceptual model of ecosystem transformation, further discussed the classification of ecological threshold types by different
scholars, summarized the relevant research methods of ecological threshold and the driving factors of ecological threshold,
and also discussed the suitable application conditions, advantages and disadvantages of different ecological threshold
research models. Relevant suggestions for future ecological threshold research were put forward: 1) To strengthen the
quantitative assessment of ecosystem threshold, mainly exploring quantitative methods, that is, to improve the quantitative
assessment model of ecological threshold, narrow the prediction error of the model, and timely warn the steady-state
transformation of the ecosystem; 2) Explore the impact of spatial scale transformation on ecological threshold and the
response threshold of ecosystem under the interaction of multiple driving factors, and establish the threshold transformation

database of different spatial and temporal scales and different ecosystem types; 3) Apply the ecological threshold value to
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the actual integrated ecosystem management in the future, and put forward corresponding implementation suggestions from
the perspective of managers and scientific researchers. At the managerial level, strict laws and policies should be formulated
and enforced to ensure the sustainable use of resources and the effective protection of the environment. At the same time, it
will play a leading role in establishing a multi-party cooperation platform to promote cooperation and communication among
various stakeholders, jointly develop and implement sustainable development plans and projects, and achieve the goal of
collaborative optimization and sustainable use of ecosystem services. At the level of scientific researchers, cooperation in
interdisciplinary fields should be strengthened on the basis of relevant researches on ecological thresholds, so as to have a
deep understanding of the function and stability of the ecosystem, and to develop new quantitative models of threshold

values in order to provide scientific theoretical basis and data support for managers’ decision-making.

Key Words: ecological threshold; climate change; human activity; integrated ecosystem management; ecological security
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Fig.1 The temporal distribution of the published papers in ecological threshold research

TR AR Y X AR A B A AR DGR I R B, B T 3K 3 DX A LA A & 2t S R 25 B M T L A
AT 23 ] RUBE b R SR ADAFAEAR KRB P . G 2R S BB SR FFE AR BT TR A A 25 B R RO MR PN T 28
WORAERAE (1) . FIFEENIIAES BRI A S RERE R A B MR 272 (IfEZ GRS RS
ARG h R B, A 2 R G IR B DA AR LR R R 7 A B 2 BRI . Groffman ) 4 3 8K 5 [ 775 [
EAL YRR et 25 AR A R GE IR ZURE A2 DR MO AR S B E A EXT TR A S R G fe e HA B 2R X

F1 ETBEAXHOHER
Table 1 Concepts related to ecological thresholds

FHEME A Concept %% ik Reference
A S B R G GBS R PTAS AT BRASI SR R G PR A" B 55— DA RPR A A 43 B
The ecological threshold is the point of divergence in a system that causes a “rapid change” of the system to a different state [1,3]

when crossing two alternative states

PIANERSE R G [ AR A Q3R T A S B

The break point between two stable systems represents an ecological threshold

(L2 BT 2 P N A 7 A S BT AR Yy — 2 X

(2]

22
Thresholds are areas where small changes in environmental conditions produce substantial changes [22]
AT BRI AR A A E SRR, 7R RGN — D RRE RS 1 75— RIS AL (1 S
Ecological thresholds are key values of ecological discontinuity that indicate the transition of a system from one stable state [26]
to another
P [ A B R Z [ 23 30 5t 129
The space-time boundary between two different ecological states
A 2 B R A A PR B IR A A B TR P [32]
The ecological threshold is the lowest level of ecological environment resource stock
A B AR T ARSI RS HOR A SL I — A 1, S AL K0 LT3R 3l 1 AR XA/ i A2 Ak
An ecological threshold represents a point at which an ecological process or parameter is mutated in response to a relatively [33]

small change in driving force
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Table 2 Classification summary of ecological response models

PRSI Y FHIES IR IRiR7pas SR
Ecological response model Description Application scenarios References
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HZZRZNIR Ecosystem response

R 2l PRI 3 s 1

Driver gradient or time

B2 SSRGERNDHE TR LHES
Fig.2 The trajectory of ecosystem changes under the influence of driving forces
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Table 3 Classification criteria and related characteristics of ecological thresholds

Kl st gy B {EE A FHAE Sk
Classification standard Evaluate Threshold Types Feature References
HEBRGREUUER IS BB RGH R RS ASHER BRGNS AW A ROE 8 [27,31]
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Fig.3 Ecological threshold point and ecological threshold zone ( Take biodiversity as an example)
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Table 4 Related categories of ecological thresholds

FISERGES ik AARZR A 27 3CHik
Object of stress Description Relevant case References
B B R Ma i E EBREWBHERAE MR A WS KPR L A [54,61—62]
Self factor stress threshold VERMESFSEHSAEESRERS UG RENEYEXRFMEZREDZ

ZEAAARGE R ESREH RN ERER

Byt i, U2 SNt B
ARAE A0 B S AR S RGN IR R C A RO TREE S5 TR R A A [63—65]
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A YR R 3 B ASREMAERER FEAFK OL,  HESKESREEASREE ™I [43,66]
Stress threshold of biogenic elements A B R RO R LA RS EIFEE LM LR R ABESE
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Multi-source factor stress threshold
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Table 5 The main research methods of ecological threshold value
Tk Ty RS 275 Sk
Method Method introduction Advantages and disadvantages References
JRyER I Im] U 58 - T TR LG 22 S R LA PR TR A R B (n> 13 BT [37]
Local weighted regression scatter [ {H i RO SR 0 2D Al 1 X B
smoothing method RV LA A B A 1R 2
RGN 1)k REFE AR E R R G A A, FIAH SR T sl MR Gl AR B R AR S R e [32,87—88]
system dynamics method ARG IR R R NI EABIE
GBI ) )22 (AL R R SE R R BRI B S S PR IR B R
Logistic BRI B XSRS TR B R AR R SR B R R R EORAR, T DA 2 AR IR A A [89]
Logistic functional model (] LR 5 R AR MR R RS | S P T B SR 5
IR I S (L R K e A i
N
T B RRAK ITEERE ST AL R B BRI TX B  Dr ER RS2 SRR B S R A [90]
Gradient forest LA R GRS i Ja] A AR Ak B $0
fie
SO AR SRR ARV HAR I T R 25 5, BE S LEREAL R aR - 5B EE AR L T DL 390 b B4R A [66]
Generalized additive mixed model BRONE X E A I A A e R L R AR i A B
(R i3y
sy ENE W TLIBARHUT HEF, AT 20 B 6643 BlR . FUB B T RO B 2 O R g T [91]
Optimal segmentation method FBUNFE G Z I 022 St/ i Bz 1 iARE IR 25 3 1] REAFAE 1Y 1 3 22 5
ZEERR
i TSR W - R MR SR TR R 2 W AR BEARYE A TR bR R AR R =2 T 4 4 [92]
Gaussian model H S R i U R IR SR GARBE R R, YA W8 Ar B KRB R T
B, T DASRAAR 285 B 1 DX 18] e i A= 25 B E
X[
B AGE H TR 25 s 0 X B A, 7E B
SE B AT B (L4 T
3B A LAY 53 A F P 2R e BB A T R A A, RE P DR BRI 1 ARt R R AR dk 2 ] 1 Jl 3806 [93]
Piecewise regression i[9 £ 4 I L WEE B A B A X — AR A B
model analysis M 8 2
BB IR T A A AR e 107 AR e 1) S S L B, T SE DI <3 T M 0 A BRI £ 1 A [94]
Bayesian point of change method 5|2 E 25 RS SEAL (RS A T Tt A 3 U o 5 4 O A AR AL Y
PRI
Yy Rh B 23 A AR FETAF YRR T 15 B ) 0 BURME 22 57 LR BESE B B R RAE S RER [95—96]

Species sensitivity

distributions model
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