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Abstract

The concept of ecological thresholds was raised in the 1970s. However, it was subsequently given different defi-
nitions and interpretations depending on research fields or disciplines. For most scientists, ecological thresholds
refer to the points or zones that link abrupt changes between alternative stable states of an ecosystem. The meas-
urement and quantification of ecological thresholds have great theoretical and practical significance in ecological
research for clarifying the structure and function of ecosystems, for planning sustainable development modes, and
for delimiting ecological red lines in managing the ecosystems of a region. By reviewing the existing concepts and
classifications of ecological thresholds, we propose a new concept and definition at two different levels: the eco-
logical threshold points, i.e. the turning points of quantitative changes to qualitative changes, which can be con-
sidered as ecological red lines; the ecological threshold zones, i.e. the regime shifts of the quantitative changes
among different stable states, which can be considered as the yellow and/or orange warning boundaries of the
gradual ecological changes. The yellow thresholds mean that an ecosystem can return to a stable state by its
self-adjustment, the orange thresholds indicate that the ecosystem will stay in the equilibrium state after interfer-
ence factors being removed, whereas the red thresholds, as the critical threshold points, indicate that the ecosys-
tem will undergo irreversible degradation or even collapse beyond those points. We also summarizes two types of
popular methods in determining ecological thresholds: statistical analysis and modeling based on data of field ob-
servations. The applications of ecological thresholds in ecosystem service, biodiversity conservation and ecosys-
tem management research are also reviewed. Future research on ecological thresholds should focus on the fol-
lowing aspects: (1) methodological development for measurement and quantification of ecological thresholds; (2)
emphasizing the scaling effect of ecological thresholds and establishment of national-scale observation system
and network; and (3) implementation of ecological thresholds as early warning tools in ecosystem management
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and delimiting ecological red lines.
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Fig. 1 Literature on ecological thresholds published during 1973.1-2015.6 (Resource: Web of Science). Important literature are

those with citation frequency of more than 30 times.
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F1 ESPEMS
Table 1 The concepts of ecological thresholds

4 Concept

SCHik Reference

RGNS IRTS L TR AR T AL S R GER B
The breakpoints between alternative stable states

R L2 P AN [ ) 2B AR A T I B A B R0 S 00T 90 7 52 B N ) RURE b AN T 38 ) 4 i 5t

May, 1977

Friedel, 1991

The boundaries in space and time between two different ecological states, initial shift across the boundary is not reversible on a

practical time scale without substantial intervention by the range manager

B RE A SIANELAE, 7R RGN — DRGSR I — MRS I ST AT R 1 O

Muradian, 2001

The critical values of the independent variable around which the system flips from one stable state to another.

R EL R PR A BN ARAL T 2 (R U T RESE) S TP S0 Y 25 X3

Bestelmeyer et al., 2004

The zones at which small changes in environmental conditions produce substantial improvements

€ SEZSBIE A ARG BB RSN 5 i R S g 2l 31— AN R PR ZS I 73

Meyers & Walker, 2003

A bifurcation point between alternate states which when passed causes a system to “flip” to a different state

AESBEAR T A S RSB EUR ARG — A i, S s N T —ANIKB) 3 (AR R BN R A A

Larsen & Alp, 2015

The point at which an ecological process or parameter changes abruptly in response to relatively small changes in a driving force

R2 )N EESBEARIARE

Table 2 Several terms related to ecological thresholds

K& Term 5 X Definition ik Reference
FpEEK S ) ARG AL, LR AR AR TP 2455 [RURE ROl B BRS80Sk R K RE Holling, 1973
Resilience A measure of the persistence of system and their ability to absorb change and disturbance and to still

maintain the same relationship between populations or state variables
Rkt AL AR A B A AR B Rial et al., 2004
Non-linear responses Ecosystem reflects different types of nonlinearities
i PR 7 it e PRI 2 5 DR A A AR e TR sl 1) 0 e AR ARG AE Bowker et al., 2014
Triggers Triggers often initiate changes in the pattern or spatial structure of ecosystem
Rt e A7 R GRS A R A L3S R GRS IR AR LUK B J ek ARt 22 R Folke et al., 2004
Regime shift Regime shifts imply shifts in ecosystem services and consequent impacts on human societies
R (D)2 RGN T n] e R b A U, RTINS e R AR SR L2 Scheffer et al., 2012

Tipping points
for positive change
(¥R 7R B IR o B A0 A SR A 2 L L

Tipping points in complex systems may imply risks of unwanted collapse, but also opportunities

Bowker et al., 2014

Indicate that thresholds crossing has occurred or is imminent

RIXAIIER, MARRRER R AR S 5 — ARG R A A

Walker & Meyers, 2004

alternative stable states  describe the phenomenon whereby systems can exhibit a big change from one kind of regime to an-

(multiple stable states)  other
T 5 LA Z I I 5

Breakpoint transition point to alternative stable states
AL T A B BN 5 P R A 2 R R 2 AR < ) A e A

Discontinuities
these breakpoints or discontinuities

May, 1977

Muradian, 2001

Identifying ecological thresholds and describing processes of transition to alternative stable states once
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A S AN 7 E . SRR
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2009) . Al AR At A A BB ) T 2R P (Rial et
al., 2004), A&BEEMH T 2T EERAERN )&
BRI, R ARG A £, AT E AR
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[ ) i DA A FR & PR B %) 22 47 AR R A A AR 4y 3
PRy IR R . H AT BIE I e TR AT
ilfj 2B Bt (Scheffer et al., 2009), % FH 194 2 B 5 (1)
e J7 ik F A G i (N H e LAY, Metady
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A, PRl AR ix ek 2 i1 ik 7 (Bestelmeyer et al.,
2004), HETARA I FEBIAL K R i — SRS IR,
Fire-Vegetation 52 28 55 1 4 )32 F 16 A2 2 IR 1)
W5 (Twidwell et al., 2013). ot 3R EC - F 4 B AR
DU 3 S8 A 300 AR KR JE (P ) X %, 3 3o A O
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REFNE . FF e AT LU 5O R F3R s
PRI 720 A (PRI, A HH B [ 2R R 3 A £ e 2
(R RSB, BIF0 4 SR T LA Sk vt S FH A
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B MBS R G (GIS) &5 7 VAR 4 B AT ¥OW
FEafr, w4 mouin &5 e vE, AR RGBS
AR A A A A T B, 2
AR B — PR A SR BV (L et al., 2014).
R RUBE BRI RN 194 6% A1, 72 A 245 B A 1) T 2 0 ok
VIS RSN U RICE R i s vk VT 27 NN A T e
A2 5IRBIA 56 ) 8 (Mace, 2013). 1R 2 [ KA T
TER RGN T2, 40 56 [ 5 58 A 0000 14
2% (The National Ecological Observatory Network,
NEON) . 8 X F) W7 Fifi A= 25 & 48 0F 50 ™) 4%
(Terrestrial Ecosystem Research Network, TERN).
B RGWEIT M 4% (Chinese Ecosystem Research
Network, CERN) ({11 21X 52, 2014) o KA
FRGOILINAIT T I 4 (R v, m) Sy AR RS R AL X
o RURE ) A 2 B A P S ) 0 K U (Gao et al.,
2014).

22 S HmAE

BT ERBME RS RE AL X
—HEANR, R Gt 7k B AR A B
(Toms & Lesperance, 2003; Smith & Tran, 2010; %
ARIEAE, 2010), JET7 VA ST AR SRR R BE Al L
X SIS BUE AT IR, 7 AR R RS AR A A
45 iH#7 (Qian & Cuffney, 2012; Qian, 2014), il
GV S AT A AR UE R AR S e il
B B bR £ 78 (step function model) Ao A 2 i 4
R FEAZ NG . Li%H(2014) 454 A RIS I B A=
SRGER T RERI I SRV, R AR 2 e R
(NMDS) . 43 )25 43 2 43 #7 (hierarchical  classification
analysis) M1 73 25 [ A4 (C & RT)J7 kAL VAL [E
R VYR A v R A (B ) AN TRl i b R A 1R
fti. RuppertZ:(2012)iz I Metas3 4, WF50 T T FIX
B ARR B2 L, K23 R R by b A= e ) B A
o U HEE SR S ) — Bk, A RE M Meta
oy Mk e AT N HIAE AR BIE,  H T MetaZ Hr
11 H #4445 Comprehensive Meta-analysis (CMA)
2.0. RevMan 5.0, Stata 10.0%%(Borenstein et al.,
2011).

VF 22 G5 v A5 88 ) LUFH SHe s IR Ak A2 2 B
(Qian, 2014), {H & P4 1R 20507 i it 445
A, ZJa PR AR AR GE T B X
N FHAFEAE — %€ BRI, R, SXRWTIT A — €
FRRR L b 2 T A2 2 i I AL DL A AH ELAE AL

www.plant-ecology.com

o AT W FOR ] VAR HY RN A A5 L T 5 5 1k 45 A
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BNWETE, BRI AR NS B R 2T
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BL3)) ) SRR KA DU AN A A S A

HLERAR AR 5 AT LR A BRAY 24 A0 5 A ERAE 4
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Hybrid v 3.08ARNBISKL A S, nf LIS G H )
1Y 2 2% 55 A2 25 oL B2 19 3941 (Cramer et al., 1999,
2001). %41, Wang%(2008)iz i CENTURY FE Ui 5%
L (Leymus chinensis) b il o 52 {2 . HLHEAR
UL 2 G T AR R B G b s A A2 ek B, (HRAE
WU RS, T EIRA S SR, H Ak — 54
B AL, S T S5 R RE

RGN )R BN RS S a2 Ut
AZ X 2R, RRBIMIX S 5T RS R . Hlr
TEAER R BN E A i s R A 8 A Threshold 21,
MFEZ S BT RS VA, B BUk
il B PSR AT 4540 M (Barney, 2002). &40
B )R et SE L AR S 2 A N B A B AR AR
TR, 856 X3 A B R G NIR A, @ H
250 N B KBS FRAETLINSH
AR IR b 5% B 5 DX A A 2 A T R GE 8l ) 2 4
B, W€ TASZAeRTRRBIE, FIAh BEA
R RSB R s, i Hoag—@ REBAN
AR IRHES IR (RIS K AL, 2010); 1EHL
[ A 477 BE(GDP). N R, i e mAE R
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1A BRI RO T B 24, REME BRI
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3 ATSHEALETENLNALNRIEA
Rz R R R RREE

31 EBHERIRA

TEARF R G, B EAD AT D Rl
TER] FREE R s, B E AT — e i,
PN SRy UM EREAETS SRS PN IF 23
He(Walker & Meyers, 2004). “EABIEAES RG4S
K 5 DhRe M A B R X, AR 8]
LI 25 57 LA AR AE 25 R AN R Th RE Bl 44K T B
R A AR IO I E, v T AEEBEM
HARRANFERE . ARJZK, AR E bR I
FURFIRE o
311 EBRFEREMBERE

BRGNS T NS RGEAT 1) 5 Fh
i, THEESREREANFRESREN E 57
#fPE 5 3 {H (Millennium  Ecosystem Assessment,
2005). ARG, BAER TN H 07T
NS H AR T SRS A R G0 ThREZ 18] (R AU <
Fo HERRGMS AR A NRERN, PIbAE
e e b fE T ZE A AR S T R A LR, I
Hoth HIkzh R # . Hariasid, F2Ex 48
GRS B AR B B ot = B AT A (A AN R K
AL A, 2014), TR AR RS B G IR 55 BAE 1) DG LA
b
312 HMZHFMRIPRENTHE

AEZS B O] LU SR B A 22 FE I ORGP R AR
YR B (Huggett, 2005). B ZAEME—AES R
G A DI RE R SEA, K RBVES RGNS N
fEfk e ABT AR N . ARl . Mo Ak S
YRR SR A Re T DR AE ZFETE R . BT
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YA RN B PRS2 I AR R . SRR R AR
U, SR 22 PR R AT T g e i RR, B
RRED A FE AR TR R N, AN )R 5000 R AR A
Wiy 1 AN [+] () (Huggett, 2005) . 244 485 i 71 1 AR 58
— AN E B, KPR MO g, RSB
AL (PR RN /IS R RE AT A7 A v LUAH B B 1) K 4
HUBAE (Lindenmayer & Luck, 2005), Rl AR3 X )
TR ARURIE A — A S 110 B (L, 1T 0K A 580 L 4D A e gl
SE R RS FTRE . S I B
FIETE I, R B A BE 5955 . Banks-Leite4s
(2014) Vil T AE AL 2 FEIE O A U DA T R B
() B, LRI A BUR R B - R i 2 A M
A AR T 2 1) AR 2 FE R, R i ]
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W5 1A 7 e 3 AR BIF I AR
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VE H AR WU (1 G 3 5 ) e S v 5 BRI S A O
filh, R AR 25 BE AL S N BRI W fa Dl . SRR
BB Ak e R AR IR A 7 D) ISR S v A
(Huggett, 2005). 274 R G058 BT I FAE S 1) A 2R %
PAEH, AR RE A0, SR IEE
PEAN TG 22 UK, S KA R I GISTE IR T A,
H b XA 1 T RS R B (X = e 4, 2004). 2E
ABE MBS B2 A RS, S Cgm
HENT AR TR H S BORHE i, WS E AL
T PR . W BN B B, e A
SRNAER RGEAT 4028, I PR EAT VAL,
Y RNV HA 0 () A, A A T T4 B 42 (1)
W&, 2R EEAE RS A Wz, 1 HKE TR
() 2 P 23118 =i (Briske et al., 2005), 1[ABE 445 A
B, EAEESH, hEEE M), I
Y 2 SR ARENPEE R 2. IXANRE” K2 W B A
B A BME.
32 EGHEMRRE
321 FREMESHENEEUHAR

A S BME T AR A RGOS AN IR BT AR (b i N 7 A
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&, BT A I A A A BB I 2222 T I 2
SRGUA %Lﬁ,ﬁiwﬂ%Mﬁﬁ#%MEo
FR BE R, 22 AR — ARG 5t b
e SR R ABUER Y, DL B — BB SEE IR 7 B R R 1)
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[l R 0 AR S B AL T i
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PEASBE . W KR AR 2R BRI 24 2% R8s
f%%%ﬁﬁ% KRR ER ARSI RAR
REMLR IR TN R B R R, T oK

A%?MAORME@%MEEW%%¢,%T%
T A B AR A R 9 B Y S o A B AR 2SR bR Y
{H, B 0 A A B v ) 2 PR PN AR DA K
RI5E PR X AT SR X S N R AR S B R W24
IR NEIPNGEAIES TP RIVSE: 7 W TRSL L Eiet U E i)
SEUEAT IR R] A5 R B SO o
323 ASHERESARKEBMETLL XIE
R FEE

PEZARBUAEEITIR A HEE H R R 55 1 B
MRS (EAESRGE RN, W] LUF ] B &
KRR GUR R B BOdE AT A IPPAG, R
BRI SAT A AR TN o DAY (B (AT 9, K2
EERERIBC B, X TAESRGE RS, ©F
RSCHRY 1 RN 24 2 TR B, E AR 40 B KA A
(BRAR) Z i, PR F R EA R BT By, T 1R
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