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Grimm and Wissel. 1997:
Babel, or the ecological
stability discussions: an

inventory and analysis of
terminology and a quide for
avoiding confusion

Stability term and
definition

Authors whi use the term in Lhe
first colummn in more or fess the
sume way

Terms with definitions mainly the same as-in the first
column

(1) Constancy:

Staying essentially
unchanged

12) Resilience:

Returning to the
reference stite |or
dynamic) after a
temparary
disturhance

(3) Persistence:

Persistence through
time of an ccological
system

(4) Resistunce:

Staying essentially
unchanged despite the
presence of
disturhiances
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Table 2 (continued)

Stbility term and Authors who use the term in the Terms with definitions mainly the same 45 in the first

definition first column in more or less the colummn
LAME Wiy
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Author Definition # Citations Reference
1. Holling A measure of the persistence of systems and of their ability 1743 Holling 1973
to absorb change and disturbance and still maintain the same '
relationships between populations or state variables. 294* Holling 1996
2. Gunderson Property of an ecosystem that describes the change in Gl
stability (or return time) and resilience (the width of the 281 2000
stability domain). B
3. Walker Resilience (the capacity of a system to absorb disturbance
and reorganize while undergoing change so as to still retain
essentially the same function, structure, identity, and feed- 269 Walker et al.
backs). Resilience has four components—Iatitude, resist- 2004
ance, precariousness, and panarchy—most readily portrayed
using the metaphor of a stability landscape.
4. Carpenter The rate at which a system returns to equilibrium after dis- 90 Carpenter et
turbance. al. 1992
The magnitude of disturbance that can be tolerated before a
socio-ecological system moves to a difference region of a
state space controlled by a different set of processes, includ- 341 Carpenter et
ing the degree to which the system is capable of self- al. 2001
organization, and how much it expresses a capacity for
learning and adaptation.
5. Pimm How fast a variable that has been displaced from equilibrium
m to it. Resili Id b timated b time: ;
returns to it. Resilience could be estimated by a return time 1659% Pimm 1991

the amount of time taken for the displacement to decay to
some specified fraction of its initial value.

Myers-Smith, et al. 2012. Resilience: Easy to use but hard to define
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RESILIENCE AND STABILITY + 4050
OF ECOLOGICAL SYSTEMS

C. S Holling
Instioute of Resource Ecology, University of British Columbin, Vancouver, Canada

INTRODUCTION

Individuals die, populations disappear, and specics become extinct, That is one view
of the world. But another view of the world concentrates not so much on presence
or absence as upon the numbers of organisms and the degree of constancy of their
numbers. These are two very different ways of viewing the behavior of systems and
the uselulness of the view depends very much on the properties of the system
concerned. Il we are examining a particular device designed by the engineer o
perform apecific tasks under a rather narrow range of predictable external condi-
tions, we are likely to be more concerned with consistent nonvariable performance
in which slight departures from the performance goal are immediately counterncted.
A quaniitative view of the behavior of the system s, therefore, essential. With
attention focused upon achleving constancy, the critical events seem to be the
amplitude and frequency of oscillntions. But if we are dealing with a system pro-
foundly affected by changes external to it, and continually confronted by the unex-
pected, the constancy of its behavior becomes less important than the persistence
of the relationships. Attention shifts, therefore, 1o the qualitative and to questions
of existence or not.

Our traditions of analysis in theoretical and empirical ecology have been largely
inherited from developments in classical physics and its applied variants. Inevitably,
there has been a tendency to emphasize the quantitative rather than the qualitative,
for it is important in this tradition to know not just that & quantity is larger than
another quantily, but precisely how much larger. Tt is similarly important, if a
quantity fluctuates, to know its amplitude and period of fuctuation. But this orienta-
tion may simply reflect an analytic approach developed in one area because it was
useful and then trunsferred to another where it may not be

Our traditional view of natural systems, therefore, might well be less a meaningful
reality than a perceptual convenience. There can in some years be more owls and
fewer mice and in others, the reverse. Fish populations wax and wane as a natural
condition, and inscct populations can range over extremes that only logarithmic

1
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'Ecological’ resilience: “a measure of the
persistence of systems and of their ability
to absorb change and disturbance and still
maintain the same relationships between

populations or state variables”
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'Ecological’ resilience - which ecosystems
are more resilient? Which are less? How do
we predict?



Mechanisms

Ecosystem and disturbance-
specific mechanisms

(..resilience of what to what?)

Linda Pitkin
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ON THE EVIDENCE NEEDED TO JUDGE ECOLOGICAL STABILITY
OR PERSISTENCE

Josern H. ConnerL® anp Wayne P. Sousa

Department of Biological Sciences, University of Californin, Santa Barbara, California 93106,
Depariment of Zoology. University of Californie, Berkeley, Culifornin 94720

Submitted September |7, 1981 Revised Octaber 14, 1982; Avcepted November 4, 1982

*The balance of nature has been a background assumption in natural history
since antiquity'” (Egerton 1973, p. 322). This continues 1o be true today; some
modern field ecologists, assuming that natural ecosystems are stable, have applied
ideas of mathematical stability theory to the actual communities they are study-
ing. We believe that, before one applies such theory 1o a natural population or
community, one should first decide whether or not it is stable. Our aim here is to
describe the sorts of evidence one would need to obtain from natural populations
or communities in order to decide whether they are stable or persistent, as defined
below. One aspect we shall stress in particular is whether any given real commu-
nity exists in multiple stable states in different places at the same time or in the
same place at different times (Sutherluand 1974).

When considering changes in natural populations and communities, it is impor-
tant to distinguish between two viewpoints. As Holling (1973} has pointed out, one
view is concerned with the degree of constancy in the numbers of organisms. With
this view, stability is the property of interest, In contrast is the view that concen-
trates, not on constancy of numbers, but on presence or absence, He states (1973,
p. 1): "' If we are dealing with a system profoundly affected by changes external to
it, and continually confronted by the unexpected, the constancy of its behavior
becomes less important than the persistence of the relationships, Attention shifts,
therefore, to the qualitative and 1o questions of existence or not,”™

Past discussions of stability have sometimes confused these two viewpoints and
have also applied identical terms to both. Therefore we would like first to define
and discuss the terms we will use in this paper, as well as those previously used.
Some ol these terms have also been applied by theoretical and mathematical
workers 1o model ecosystems under particular specified assumptions. We want to
emphasize that our usage applies not to these models but only to the real world.
We are not interested in testing the assumptions of these models. nor in using
them to interpret data from actual ecosystems., We do not seek to contribute here

* Order of authorship decided by flip of u coin.
Address reprint requests (o0 W, Sousa

Am: Mai. 1985, Vol 120, pp, TH9-H24,
i 1963 by The Uiniversity of Chicego, (3014 VHED I06- N8 0. ALl rights reserved.
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The complexity and stability of
ecosystems

Stuart L. Pimm

Department of Zoology and Graduate Program in Ecology, University of Tennessee, Knoxville, Tennessee 37996, USA

Early studies suggested that simple ecosystems were less stable than complex ones, but later
came to the opposite conclusion. Confusion arose because of the many different meanings o
plexity’ and ‘stability’. Most of the possible questions about the relationship between stq
complexity have not geen asked. Those that have yield a variety of answers.

ELTON' noted the dangers of human simplification of the in the discussion of stability—complexity relationships.
natural environment if ecosystems become less stable as they question has logical supremacy.
become more simple. The consequence may be increasingly

Jorn Weisbrodt







- Mechanisms

Landscape context
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MINIREVIEW

From Metaphor to Measurement:
Resilience of What to What?

Steve Carpenter,'* Brian Walker,” |. Marty Anderies,” and Nick Abel®

Veenter for Limnolegy: 6830, North Park Strest, University of Wisconsin, Madisod, Wisconsin 33700, USA! and 2 CSIRC- Sustomable
Erosystems, GPO Box 284, Curiberee, ACT, 2615 Australio

ABSTRACT

Resilicnoe is the magnitude of disturbance that can
be tolerated before a sodoecological system (SES)
moves (o a difforent region of state space controfled
by a different set of processes. Restlience has mul-
tiple levels of meaning: as a metaphor related o
sustainability, as a propernty of dynamic modcls, and
as a measurable quantity that can be assessed in
ficld studics of SES. The opcrational indicators of
resiience have, however, received little attention in
the litcrature. To asscss a systan’s wsilicnce, onc
must specify which system configuration and swhich
disturbances are of micrest. This paper compares
rosiicnoe propertics in two contrasting SE5, lake
districas and rangelands, with respect o the follow-
fng three general features: (a) The ability of an SES
to stay m the domain of attraction is related o
slowly changing variables, or slowly changing dis-
wurban ce regimes, which comtrol the boumdaries of
the domain of anraction or the rcquency of cvents
that could push the system across the boundarics.

Examplcs arc sotl phosphorus content in lakc dis-
tricts woody vegetation cover in rangclands, and
property rights systems that affect land use i both
take districis and rangeclands. (b} The ability of an
SES o scli-orpanize is rcla

reorganization s endogen

external drivers. Sclf-org

cocvolved coeosystem com

of social networks that fac

solving. (¢p The adaptive

lated 10 the existencoe of n

ton of novelty or leaming

versity a1l multiple scak

mstitutions that faciltate

ery. and mnoovation.

Key words: rosilience; o
wnoe; sodoccological sys
rangeclands, sustainability
tive capacity: adaptive oy

INTRODUCTION

In the rapidly developing anca of rescarch on eco-
system services and the people who depend on
them, the term “resience ™ s often used o describe
the characieristic features of a system that are me-
latcd to sustainability. As a technical term. the ideca
of “resthence” orignated in the feld of ccology
{Holling 197 3). Diverse definitions of resilicnce and

her concepts related 1o stability can be found in

MoCoy 1993 ). The concep
in a grear varicty of im
cerned with the Interact
nature (sce, for cxamplc
19935; Hanna and others
1997; Berkes and Folke 1
and Nichols 199%; Kinzig,
son 2000; Gunderson anc
siience” and ~sustainabil
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(Scheffer et al. 1993,
Walker et al. 2004)
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Slow Recovery from Perturbations as a Generic Indicator
of a Nearby Catastrophic Shift

Egbert H. van Nes and Marten Scheffer'

Department of Aquatic Ecology and Water Quality Management,
Wageningen University, P.O. Box 8080, NL-6700 DD Wageningen,
The Netherlands

Submitted April 25, 2006; Accepted January 2, 2007;
Electronically published April 17, 2007

Online enhancement: appendix.

assTRACT: The size of the basin of attraction in ecosystems with
alternative stable states is often referred to as “ecological resilience.”
Ecosystems with a low ecological resilience may casily be tipped into
an alternative basin of attraction by a stochastic event. Unfortunatel

tems (Brock and Durlauf 1999; Gladwell 2000; Adler 2001;
Scheffer et al. 2003). It is difficult to prove experimentally
that a system has multiple stable states (Scheffer and Car-
penter 2003; Schroder et al. 2005), but the implications
are profound if this phenomenon occurs in a system. A
major problem from a management point of view is that
slowly changing conditions can make such systems in-
creasingly vulnerable to collapse into an alternative state,
This typically happens in an invisible way, that is, without
apparent effects on the state of the system. Such loss of
resilience arises if the basin of attraction around the pres-
ent state shrinks, making it increasingly likely that some

stochastic event will tip the system into an alternative basin
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Rethinking Ecosystem Resilience in the Face of Climate

Change
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Realienie 1= namally  delingd as the
capacity of an coosystem 1o abaorl distie-
Bance without shilting 1o an slernative
stiate anl  lowings Tuncton and  senvices
[1-3]. The comcept therefore encampasaes
W separale  processes resstioe—the
mbande of disidunee thin canses o
chonge o arroecture —and - recavery—the
speed ol retuen i the arginal stedcoare
FE AL —which wre Fundamentally diffepem
bt rarely distinguishedl, Yer, reslience las
e eeniral coneepl o the ninsge-
mend ol sl evovstems (6,7 Maoy
CITELE T actions aim e alle-
viite local stressors o wn eflon o s
eoonsystem reslienee W global  climate
clumge [ Such oo monagement plilos
aphy i premised on the heliel that
elivnating kil drivers of  ecalogical
clumge will werease the abiliy ol an
eoaben i veist (e elingoe (st
bances, its ability o tecover Tom such
divurbances; ar both (28] Messuring
reslienee s fraughn with diffiddes [ 151
Meverhels wssessing  changes In readl-
ienee an o resuli of munsgemens acnon s
eritical s there s el agreement
lir 1he existenice of o strong link between
vesilicnde aiud wstmmdality [ 10], Soeces-
lully incressing e pesibenoe ol el
sestens oy theteford have  brgportnd
irnipics ngms for Jammean wellare wihe Dee
al ol « lnuiie ¢l

I glds Pepspective, we will wepie ot
the expectation ol inceensed resilicnee ol
natural comommities 1o climare change
eyl b reduction of local sivesors
ey be fundwmentadly meorrect aned
resiliense-locised  management may, in
laet, pesult In greater volnesabiliy o
elimate mpacts. We Husiate oy argu-
ment naing coral recs as o model Coral
reels wee inoan evolico] crlds due w
elimate clunge and  the ever-inoesng
mugrdingde of looman mpacts one these
Diboetiverse Duilits [LE L2 These impuicts
st from s motiplicany of local sivessrs,
snch ns [Ashing, entophicarion, and sedi-

The Pespective mofon prnddss depais with a
loaum o cosrmedl o Lodecal of cos Lo el e
of bead mriemar
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mentition. o therslore ool surprisng
that il concept of veallience— 1o climate
clumge in partculn s perhups more
strongly welyvecated asan onderpinmiong of
management Wor coral reels than for amy
ther evomystemn L6 Marine e
serves or no-talie avess the mosd populac
lorm ol spatnl managenen lor coral reel
corservition, wre wadely thonghin fo ha
thet putential o increase coral reel resik
fenee (LB LT Buon do they veally?

The Conventional View of
Resilience

e concepi ol nuomging lor eeslicnge
in |:|I.|I|r|'|'|i[tl'|ﬁ| by the nothone that wo-
streserd ool comuinites  are lilghly
vesibient o elimate  change  and  tha
homan-induend  degradation erodes the
whility of eoral reels o resist the it
of climute s bomee, dygeing e raded
reels oo alternotive, less dealrahle states
somet han peistine anes (LR This
conventiomal view s llustated meo e
sunple  concepnual  model  shown m
Figuee 1o swhich deplos the patenial
relitinmships between econstent stute and
the mrengmhb ol dimue disturbanee. Here,
we foem oo eorals— e three-dimensfanal
reel buildes thod aee the Toandation
species Tor mom veel comomones | 1]
i e daystenstle coukd e mewsared o
cord cover or wocal  specied diversity,
whiereas elmaie disrbyuwe conimeorpee
vt Tanth o clusnge dn i e e
b ereassed variabiling [149]).

e model mmplies that more pnstine
coral communites will cross a tpgring
pobit and  solsequently ahill b an
allernitive ecoayaiem state —usually domm-

it el Ty Oesliy moeeroadae (1] hot other
alternntive aates are posible [20} —anly
at ldght devels of climate  distuchance
(Fiygare BAG, A pon=clirmarie, ocal disrr-
hanoes  degrasde the angmal ecosyspem
(Fignre 1A aeen Telew ke awrvanys), the tippiog
print i respeiee To cimate chunge dhifis
o the lelt Figure LA blick armows,
uuking the evossiem les pesbstint i
climate  dstlsones,  Alssemen)  the
secks o control local stressors ol reverse
dleaalation: Figw'e LA vedd block artiws)
i therefore expectol 1 dnerease resibience
by shilung the oppmg pom back o the
vighi wndd keeplog reels Duriher away diom
thiv ebalojgeal precipice (Figurd [ red
LT

I pezilience o clinue chauge varies in
el b o evosystem stite as depicted. in
Firure 1A then vwn general predictions
wrise, Pty coral conumunitle expaoied
el or clronic disturbuce should e
e susceptible fo dimare clumge thao
Ies degraded commmimities, Second, corals
b wress with negemment wconrol kel
chistirhancet shonild be e spseeptibide o
climare perturhations than thos o areas
without shmilay muagement. We evaluaie
bwielly the empivical evidence Jor each
preecietion: helow,

Are -‘g‘u‘m’m’ AR TREATLLLES iR i 1II'.II'JF.'I'|IIFE' Li
eliteate ehigar et

Eonlogise ave mereasimgly avore thi,
s varlely of ecosysiens, species o
Wilkvwing  devolance v noterandom
32020, O coral veeld, selecnye mar-
Ll fallowing, elgturbaee hae o divec
pnpract ol coral cotmrmaiiy straciaee, Iy
clumnging the alsoline and relaowe alon-
danees of cornl species [24), Shify in
comridty assembliges luve heei ol
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Recap: Definitions

1) Ecological resilience - the magnitude of

disturbance that can be absorbed before the system changes
its structure by changing the variables and processes that
control behavior (Gunderson and Holling, 2002)

2) Engineering resilience (recovery) - how fast

the variables return towards their equilibrium following a
perturbation (Pimm, 1984)

3) Resistance - the degree to which a variable is
changed following a perturbation (Pimm, 1984)
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Grimm and Wissel. 1997:
Babel, or the ecological
stability discussions: an

inventory and analysis of
terminology and a guide for
avoiding confusion

Stability term and

Authors who use the term in (he

Terms with definitions mainly the same as in the first

definition first column in mare or less the wlumn
same way
(1) Comstaney: Comnell aluJ Sousa §3:97 Biomass stbility - ng and Pimm 1983:329

Staying essentially
unchange

(2) Resilience:

Returning to the
reference stite (or
dynamic) after a
temparary
disturhance

(3) Persistence:

Persistence through
time of an ceclogical
system

(4) Resistance:

Staying ecseniially
unchanged despite the
presence of
disturbanees

Gigon 83
o o1
Lewontin 69:21
Orians 75:141
Remmert §9:286

Harrison 79:660
Lepset al. 82:54

Puiman and Wratten 85339
Ulrich 92:181

Westman 78705

Allen §3:4

Armsirang and McGhee 76:320
Botkin and Sobel 75:29
Comnell and Sousa 83:791
DeAngelis and Waterhouse 57:7
Estherg and Patten 76:151
Hanisan 79660

Hastings 85: 1666

ier and Chesson 85:772
\udm 89:128

Begon et al, 90:792
Boesch 74:109

Connell and Sousa 83790
Gigon83:98

Harmison 79:660
Harwell et al. §1:108
Kuss and Hall 91715
Leps et ul. 82:54
Steinman et al, W:B0

Zwilfer 78:13
“Rejminek 9245
nr.LMu stability — Begon et al, 90502
Persistence — Rahel 90:328

Stahility” - Haer 79:24

Stahility - Murdoch 71:497

Stability - Putman and Wratten §5:33%
Temporal stability - Preston 69:9

Stability — Hallet 91:383

Stability H(!limu']xl?

Stahility

Stability Steele 74 180

Adjustment - Connel | and Sousa 83790
Connective siahilily - Siljak 74:280
Elusticity - Gigon 839

Elusticity* - Remmert 84:286
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Regulation - Murdoch 70:497
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Stability - Chesson and Huntly 89:203
Stability - Connell and Shatyer 77:1129
Stability - Crowley 92:246
Stahility - Preston 69:7
Stahility ~ Roff 74:246
Stubility — Wu 76:156
Ecological sibility - Nisber and Gumey £2:10
Ecological shility - Wu 77,347
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Existence - Bossel 92:267
Lagrange stabifity - Thornton and Mulholiand 74:479
Mutual invasibility - Yodzis 89:128
Persistence at fied densities - Amnsirong and MeGhee 76:319
Persistence in the wide sense — Royama 77:3
Permanence - Law and Blackford 92:568
Prciial stabily - Thomion sod Miholland 74283
Strictly persistent - Roym
Strongly porsien - L3 88 S
Terminal subility - Wa 76:159
Total stablit 6:159
Weakdy persistant - Li 88:353

Stabily — Hud and Wolf 74465
Stahility - MacArthur
Stahility M.ngaidﬁﬂ]?
Stubility* - Remmert 89286
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Ecological stability - Rutledge et al. 76:356
Iertia - Murdoch 70:500
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Inertia - Westman 78:705
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Table 2 (continued)

Stubility term and
definition

Authars who use the term in the
first column in more or less the
sme wiy

Terms with definitions mainly the same s in the first
column

(5) Elasticity:

Speed of renm to the
reference state (or
dynamic) after a
temporary disturhance

() Domuin of
attractiom

The whole of states
from which the
reference stite (or
dynamit) can be
reached again after n
tempaorary disturbance

Comnell and Sousa 83:790
Onans T4:64

Orrians 75:141
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Westman 91213
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Pimm 84:322
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Resilience — Begon et al. 90: 702

Resilience — Carpenteret ul. 92:784
Resilience - Crowley 92:247

Resilience — DeAngelis 80:764

Resilienee — Halier 01:384

Resilience — Hurwell el al. 81:108

Resilience — Nakajima and DeAngelis 89502
Resilience — Pimm 84:322

Resilience ~ Steinman et al. 90:80
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Author Definition # Citations Reference

1. Holling A measure of the persistence of systems and of their ability 1743 Holling 1973
to absorb change and disturbance and still maintain the same .
relationships between populations or state variables. 294+ Holling 1996
2. Gunderson Property of an ecosystem that describes the change in Cliilsa
stability (or return time) and resilience (the width of the 281 2000
stability domain). -
3. Walker Resilience (the capacity of a system to absorb disturbance
and reorganize while undergoing change so as to still retain
essentially the same function, structure, identity, and feed- 269 Walker et al.
backs). Resilience has four components—Ilatitude, resist- 2004
ance, precariousness, and panarchy—most readily portrayed
using the metaphor of a stability landscape.
4. Carpenter The rate at which a system returns to equilibrium after dis- 00 Carpenter et
turbance. al. 1992
The magnitude of disturbance that can be tolerated before a
socio-ecological system moves to a difference region of a
state space controlled by a different set of processes, includ- 341 Carpenter et

ing the degree to which the system is capable of self- al. 2001
organization, and how much it expresses a capacity for
learning and adaptation.

5. Pimm How fast a variable that has been displaced from equilibrium
returns to it. Resilience could be estimated by a return time:
the amount of time taken for the displacement to decay to
some specified fraction of its initial value.

1659* Pimm 1991

Myers-Smith, et al. 2012. Resilience: Easy to use but hard to define
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RESILIENCE AND STABILITY + 4050
OF ECOLOGICAL SYSTEM

C S Holling
Institate of Resource Ecology, University of British Columbia, Vancouver, Canada

INTRODUCTION

Individuals die, populations disappear, and species become extinct, That is one view
of the world. But another view of the world concentrates not so much on presence
or absence as upon the numbers of organisms and the degree of constancy of their
numbers. These are two very different ways of viewing the behavior of systems and
the usefulness of the view depends very much on the properties of the system
cancerned. If we are examining o particular device designed by the engineer 1o
perform specific tasks under a rather narrow range of predictable external condi-
tions, we are likely to
in which slight immediately

A quantitative view of the behavior of the system is, therefore, essential. With
attention focused upon achieving constancy, the critical events seem (o be the
amplitude and (requency of oscillations. But if we are dealing with & system pro-
foundly affected by ch 1o it, and continually e~
pocted, the constancy of its bohavior becomes less important than the persistence
of the relationships. Attention shifts, therefore, 10 the qualitative and 10 questions
of existence or not.

Our traditions of analysis in theoretical and empirical ecology have been largely
Inerited fr Inssical physi applied variants. Inevitably,
there has been n tendency to emphasize the quantitative rather than the qualitative,
for it is important in this teadition to know not just that a quantity is larger than
another quantity, but preciscly how much larger. It is similarly important, if &
quantity fluctuates, to know its amplitude and period of Suctuation. But this orienta-
tion may simply reflect an analytic approach developed in one area because it was

then transferred to another where it may aot be.

Our traditional view of natural systems, therefore, might well be less a meaningfl
reality than a perceptual convenienice. There can in some years be more owls and
fewer mice and in others, the reverse. Fish populations wax and wane as a natural
condition, and insect populations can range over extremes that only logarithmic
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These new technologies adversely affected the northern cod population in two important
ways: by increasing the area and depth that was fished, the cod were being depleted
until the surviving fish could not replenish the stock lost each year;[7] and secondly, the
trawlers caught enormous amounts of non-commercial fish, which were economically
unimportant but very important ecologically: incidental catch undermines the whole
ecosystem, depleting stocks of important predator and prey species. With the northern
cod, significant amounts of capelin — an important prey species for the cod — were
caught as bycatch, further undermining the survival of the remaining cod stock.
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These new technologies adversely affected the northern cod population in two important
ways: by increasing the area and depth that was fished, the cod were being depleted
until the surviving fish could not replenish the stock lost each year;[7] and secondly, the
trawlers caught enormous amounts of non-commercial fish, which were economically
unimportant but very important ecologically: incidental catch undermines the whole
ecosystem, depleting stocks of important predator and prey species. With the northern
cod, significant amounts of capelin — an important prey species for the cod — were
caught as bycatch, further undermining the survival of the remaining cod stock.

We suggest that lake trout historically may have controlled the lake’s fish community by
suppressing potential competitors/predators and that fishing-induced biomass reductions
compromised this function.

Archived records indicate that sea lampreys reached pest levels of abundance by 1946.
In northern Michigan waters, catches per unit of effort (CPUESs) of adult lake trout
aggregated on six spawning reefs declined between 1942 and 1943. Furthermore, poor
recr uitment of juvenile lake trout from these same waters, evident in 1949, indicated
that lake trout reproduction was impaired as early as 1944
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that lake trout reproduction was impaired as early as 1944



FAOStat

[ Other countries
B Canada

m
C
o
—

Y—
(@)
0
c

ie
S

£

c
O
—
©

O

0

1950 1960 1970 1980 1990 2000 2010

These new technologies adversely affected the northern cod population in two important
ways: by increasing the area and depth that was fished, the cod were being depleted
until the surviving fish could not replenish the stock lost each year;[7] and secondly, the
trawlers caught enormous amounts of non-commercial fish, which were economically
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ecosystem, depleting stocks of important predator and prey species. With the northern
cod, significant amounts of capelin — an important prey species for the cod — were
caught as bycatch, further undermining the survival of the remaining cod stock.

We suggest that lake trout historically may have controlled the lake’s fish community by
suppressing potential competitors/predators and that fishing-induced biomass reductions
compromised this function.

Archived records indicate that sea lampreys reached pest levels of abundance by 1946.
In northern Michigan waters, catches per unit of effort (CPUESs) of adult lake trout
aggregated on six spawning reefs declined between 1942 and 1943. Furthermore, poor
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Ecosystem state: Water clarity

Phosphorus levels

Once P enters the lake, it may be taken up by primary
producers (including the undesirable blue-green algae that
are symptomatic of eutrophication) or added to the
sediments. P

in the lake cycles continually among organisms, the
water, and the sediment. Recycling from sediment

to the overlaying water is a key flux that is subject

to nonlinear changes in rate. When P levels in the

water are low, oxygen concentrations stay high
throughout the summer and P remains bound in

iron complexes in the sediment. When P levels in

the water are high, the production of algae is high

and decomposition of sinking algae depletes oxygen
near the surface of the sediment. The iron complexes are
chemically reduced, releasing the P in soluble form to
support further algal growth. This

shift between negative and positive feedbacks pro-
duces alternate stable states one with low water

P, low recycling, and high water quality; the other

with high water P, high recycling, and poor water
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ON THE EVIDENCE NEEDED TO JUDGE ECOLOGICAL STABILITY
OR PERSISTENCE

Josern H. Connerr® anp Wayne P. Sousa

Department of Biological Sciences, University of California, Santa Barbara, California 93106,
Department of Zoology, University of Californiu, Berkeley, Culifornia 94720

Submitted Seprember 17, 1981; Revised Octaber 14, 1982; Aceepied November 4. 1982

“*The balance of nature has been a background assumption in natural history
since antiquity” (Egerton 1973, p. 322). This continues to be true today: some
modern field logi that natural ¥ s are stable, have applied
ideas of mathematical stability theory to the actual communities they are study-
ing. We believe that, before one applies such theory 1o a natural population or
community, one should first decide whether or not it is stable. Our aim here is to
describe the sorts of evidence one would need to obtain from natural populations
or communities in order to decide whether they are stable or persistent, as defined
below. One aspect we shall stress in particular is whether any given real commu-
nity exists in multiple stable states in different places at the same time or in the
same place at different times (Sutherlund 1974).

When considering changes in natural populations and communities, it is impor-
tant to distinguish between two viewpoints. As Holling (1973) has pointed out, one
view is concerned with the degree of constancy in the numbers of organisms. With
this view, stability is the property of interest. In contrast is the view that concen-
trates, not on constancy of numbers, but on presence or absence. He states (1973,
p. 1): "I we are dealing with a system profoundly affected by changes exiernal to
it, and continually confronted by the unexpected, the constancy of its behavior
becomes less important than the of the i ips. Attention shifts,

to the g ive and 10 q of exi or not,”

Past discussions of stability have sometimes confused these two viewpoints and
have also applied identical terms to both. Therefore we would like first to define
and discuss the terms we will use in this paper, as well as those previously used,
Some of these terms have also been applied by theoretical and mathematical
workers lo model ecosystems under particular specified assumptions. We want fo
emphasize that our usage applies not to these models but only to the real world.
We are not interested in testing the assumptions of these models. nor in using
them to interpret data from actual ecosystems. We do not seek to contribute here

“ Order of authorship decided by flip of u coin
Address reprint requests 1o W. Sausa.

Am_ Nar. 1983, Vol. 121, pp, Th9-421
198 by The University.of Chicayo. 0301452 1060002502 00, A1 tights reserved.
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The complexity and stability of
ecosystems
Stuart L. Pimm

Department of Zoology and Graduate Program in Ecology, University of Tennessee, Knoxville, Tenncssee 37996, USA

Early studies suggested that simple ecosystems were less stable than complex ones, but later
came to the opposite conclusion. Confusion arose because of the many different meanings oj
plexity’ and ‘stability’. Most of the possible questions about the relationship between st
complexity have not been asked. Those that have yield a variety of answers.

ELTON' noted the dangers of human simplification of the in the di of stability-compl
natural environment if ccosystems become less stable as they  question has logical supremacy.
ome more simple, The consequence may be increasingly 1 0
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Resilience 1= th

. magnitude of distushance that can

the licratute. To asscss a system's resilience, one
‘st specify which system configuration and which
disturhances are of iterest. This paper compares
resilience properties in two contrasting SES, lake

attraction or the lrequency of events
that muld push the system across the boundarics
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From Metaphor to Measurement:
Resilience of What to What?
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Slow Recovery from Perturbations as a Genetic Indicator
of a Nearby Catastrophic Shift

Egbert H. van Nes' and Marten Scheffer”

Depariment of Aquatic Ecology and Water Quality Managemen:,
Wageningen University, 2.0, Box 830, NL-6700 DD Wageningen,
The Netherlands

Submitted April 25, 2006; Accepted January 2, 2007
Electronically published April 17, 2007

Onling enhancement; appendix.

asstract: The size of the basin of attraction in ecosystems with
alternative stable states is often referred to as “ecological resilience.”
Ecosystems with a low ecological resilience may easily be tipped into
an alternative basin of atraction by  stochastic event. Unfortunately,

tems (Brock and Durlauf 1999; Gladwell 2000; Adler 2001;
Scheffer et al. 2003). It is difficult to prove experimentally
that a system has multiple stable states (Scheffer and Car-
penter 2003; Schrader et al. 2003), but the implications
are profound if this phenomenon occurs in a system. A
‘major problem from a management point of view is that
slowly changing conditions can make such systems in-
ceasingly vulnerable to collapse into an alternative state.
This typically happens in an invisible way, that s, without
apparent effects on the state of the system. Such loss of
resilience arises if the basin of attraction around the pres-
ent state shrinks, making it increasingly likely that some
stochastic event will tip the system into an alternative basin
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Rethinking Ecosystem Resilience in the Face of Climate

Change

Isabelle M. Cété*, Emily 5. Darling
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