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UhRderying ileme:

Nature has heen managing the
Colorador River for several million
years, and numans; have Been at: It
fior abeut 100;..
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Seme hackgrouna:
1) IF'my not an expert on the C.R.

2) | den't presume to tell yoeu hoew te
@o) VoUIF |613S.

3) I would like ter stiggest a hig-picture
Perspective that could have seme
pearing on management of the C.R.



MUCH eiff thIS may. et Be new e
many: off yeu....nut It desenves a
periedic reminder.
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Outline:

|. Discuss command and control relative to
natural resource management.

[ Explain hew: that |eads 1o ar patieloagy. in
Ratural respuice management.

I Examples of the pathelogy:
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Outline:

. Discuss command and control relative to natural
rfespulice management.

[l Explain how! that leads, ter a pathoelegy: in natuial
[EsoUlce management.

I, Examples; of the pathelegy.

V. Adaptivermanagement as; an altermative
appPreacH.

Ve DaieNifemr AR ZoRE ISHESHEIatVE 1o e eINe eRa
COMMEERE AN CORG]:



HFAYNGEK R ComImane 2nc conio)
APPREACHES IENIEIUIZINESOUICE
eREgEmERt
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EXPECtalions:

Iihe solution! IS:
-—apprepriate
--fieasible

—“WillWerik ever relevant spatiall and
temporal scales
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ASSUMPLIGRS:

The problem Is:

el hotnded

—-clearly definead

——relatvely simple

-—generally responds lineary: to: manipulation

—-ISIWIthOUE UnNTeresSeen CONSEFUERCES anad
externalities



Such assumptions are often (lhut
Ret always) true: i physics and
Engineering, but never entirely. true
N ecelogical systens PecaUse of
thelr Inherent complexities and
Accompanying Uncertaimtes.



The underlying assumptions
Recessary fier the expectations of
conmand anarcontrol tor e met

are In fiact usually not validiin

ecelogical systems.



Thus, when applied uncritically’ te
Ratuial reseurces, the command-
and-control appreach eften| results
I URiereseen and undesiranie
CONSeguences
(= SUIpPrISEs and Crses).



One fireguent (pern
result of C & C Wi

natural resource r

aps universal)
en applied to
ANagement Is

reauction. o1 e range or rnaural
Variaton: of systeis—uelr

Structure, function,

or both—In an

attempt te Increase: thelr
predictanility o1 stability.



Unpredictable and
“Inefificient”
natural system

C&C

System that preduces
products In a predictakle
and economically
efficient way




..U that' leads 1o a commen and
Widespread preklem: or pathelogy:



(D Patielegy of Natluralf Reseuice
VieaGEMENL:



Pathelogy: off NattilrReseurce
VienaoEemeni:

AVhen the range of nattral vVaraten in: a
system Is rieduced, the systemleses
resilience Whenrfiaced with new: stressors.



RESIIEnce: a measure of the
magnitlde off distUieance: that can
e alsorved Ol accommodated by,

an ecosystem before: It
filndamentally: changes: Iits
structure.



LOSSI Gff Iresllience: ecosystemiless
ikely/ te retain 1ts basic
characterstics after a perturnation
and may: change te fundanmentally
new: state.
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Examples ofi the pathoelogy:

1) Contrel of fire In fire-prone: ecosystens.
2) Controel off leeding| in fleed-prene: nvers.

o) DEVEIGpMENE GifneReCUltUES ana
CHEMICAIRCONLGIGIRISECH PESTISHIT
agrchiubr2ifsSystenis:
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The pathology has three
CONIPBRENTS:

1D Human-Impesed external control of a
Ratlral’ ecesysten;
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The pathology has three
CONIPBRENTS:

1D Human-impesed external coniroel of a
Raturals ecesysten;

2) [Develop institltional enphRases on
lncreased efficiency and effiectiveness of
contrel;

S)RCEaSINGIECEROMIC CERPENEERCYAGN
coplifol il oVarezigfiall[Zztiien Wiiallr) il
CONUGIIEd ECESYStENE
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The compoesite results off this
pathclegy are:

1) Less resilient and more: brttie”
Ecosystems;

2) Institttiens more intently: focusead: on
control; and

3) Increasingly. dependent: EConemic
lRterests attempting te; maintain Short-
termn SUCCESS.



The result Is that, by pursuing
conmand anadfcontrol of natural
[@SEUICES,, We may. EXPErIence
Short-ternm SUCCEsSs, But: e pula.
JorIg-ternm. ialure Lo e syster:
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A “Golden Rule” of Natural
Reseuce: Management:

Sl i feizlif) criicell i85 zlfic/
LEILICIES OF flelitrelf \VEIfzliar]) If
CeOSYSICIS,



Crisis, surprises, and failure eceur
WhER the prokliem: andl respense
have; the fellewing characternstics; :

“Adapted from €.S. Holling, 1995, Inf Bariers and Briages to. e Renewal or:
Ecosystenis ana. lnstittons, Gundersen, Holling, and Light (eds)., Celumiaia
University Press, NY.
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Crisis, surprises, and failure eceur
WhER the prokliem: andl respense
ave: the: ielilowing characteristics:

--a single target and piecemeal policy;

-3 single scale ofifocus, typically: on the shekit
term & the lecal;

-0 realization that all pelicies are expermental;

RGN a2 EMERWVILINIGH IV BUIIESISHESHIIE O
POlICIES:



The typicall respense to; such
SCenarios whnen they: fail Is te
demand moere data, NMore precision
I data, more: Certainty, and more
control of Infiermation and
Individuals.
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The pathoelogy Is broken when we
switch to adaptive policy.
management, WhICh requires:

—-Rtegrated pelicies;, not plecemeall Gnes;
——fiexiple;, adaptive policies; not ngidi GRes;
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The pathoelogy Is broken when we
switch to adaptive policy.
management, WhICh requires:

—-Integratead pelicies, net piecemeal Gnes;
——flexiple, adaptive policies;, not rngid GRes;

——management and planning for learming, noet
SImply/. fielr ECENOMIC OF Secial products;

= ClZERNRVeIVEMERNERE NI AIIESHIPSHENIUIIE
SCIVICESCIENGE RO P U ICHRICHIEHGHRNIOAIEINIS
e IRTeIEMPASSIVEI:



iBAlSE adaphiveESanaAgemeEns
WhICH Voul have Chesen 1o
embrace, seems; the correct and
enly. reasenable Way! te; approach
management: of any: natuiel
fesource, including the Colerade
RIVer.



V) Pletizl elepplofisiirettipie) flowy
neletipitztiplinle) pretitl el \Velflztilen) 1) !
Systemrcolicselprtermiaipicinrtie

SySteminRrtne iace ol extemal
PENUIENGRS:



The system IS native fishes: in
Arizona andl the: pertuieation IS
exotic fishi species.



Fish tale # 1:

a simple interaction



The Native Species: Gila tepminnow
(Poeciliopsis Ocelaentals)

© John Rinne




The Exotic Species: Western
Mesquitetish (GampLsia: alfinls)




e make' a long| stery, Short...
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Into the lab...



Upper Lower

Divider

- Reservoir Flumey
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Conclusion: a naturall disturbance
(leeding) selectively: Washes, eul
ihe exoetic species and' allews
Persistence of the native Species
that IS  othenwise replaced hy: the
exotic (imany examples). The
Penaviers invelved: seem tor e
IARate.



This suggests that natural varation
I a rverne systemis net only,
handied well by nativer Species but
can be Impoertant in mantaining
thelr populations in: the face of an
external stress (exotic species).



When we: control that variation; by,

preventing fleeding, the extermal

stiiess fundamentally: changes the
system (native species Is |ost).



Wihat apeut heyond this simple
example? Doees this pattern hold?



Fish tale # 2:

Larger, moere conplex Ssystems



What we're really doing Is asking
W, patterns off envireRmental
Variation: differ In mesIc Zone. Vs.
ard zene nvers (and thus new: the
piota might e adapted te; different
patterns and types ofi varation).



Comparisens off mesic zene and
ard zone riverne systems:

VIEesIc Nile)




Comparisens of mesic zone and
ard zone riverine systems:

VIESIC Arid
Uplcanisirelnieel oozl CORSHEINEENNISIEERE
HeOERIZNNS SIdedrCIERNEIS &

CAYONS



We compared Species that evelved
I systems that loek like this:

Typical Stream Cross—Section

Mesic Arid

—

Neosho R., Kansas Eagle Cr., Arizona

SR ' ke L +4

Little Blue R., Kansas Salt R., Arizona

B e

St. Francis R., Arkansas Sycamore Cr., Arizona

—F Oy

Mississippi R., Kentucky Bonita Cr., Arizona




Comparisens off mesic zene and
ard zone riverine systems:

VESIC Arid
Unconstiained, broad Constrained! by steep-
floodplaifs sided channels &

canyens
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Comparisens off mesic zene and
ard zone riverine systems:

VIESIC Arid
Uncenstraied; vread Constrained by Steep-
fleodplaims Sidedl chhiannelsi &

canyoens
Low stream) gradients  Wighistréam griadients
(000 ONSELSIONIE: H00U OASEL I

giradezl



Typical pattern of Arizona river
discharges:
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Comparisens of mesic zone and
ard zone riverine systems:

MEesic Arid
Stpstiae NE=giRIREG; = SUESHEIE COZISEs
ofefzlflle glRINECNRBREERICIG);

PEURECK



Comparisens off mesic zene and
ard zone riverine systems:

MEesic Arid
Sulstrate fine-grained, = Sulbstrate coarse-
eliganic grained, Inerganic or
PEedrock
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Comparisens of mesic zone and
ard zone riverine systems:

VIESIC Arid
Sulstrate fine-grained, = Sulbstrate coarse-
eliganic grained, Inerganic or
PEedrock
Low competency Highi competency.
Seitfellei flocel e RetgIe: SteaIsItes;
marshlandsy side eddiesiening

channels PRSHUCHENRS



Conseguently, biota evelvingin
these types of systems: evolved
With venry: diffierent selection
pressures Withl respect te) vamnance
I thelr ecosystems.



To compare general patterns, of
Suceess off native Arizona fishes
and exotic species, frem mesic
areas With respect ter ecesystem
variation, W.LE. Minckliey and: |
analyzed fish data he had collected
fior years throughouit AHzena.



We' looked at the relative
ablundances and number of native
and exetic fisihI SPecies In several
Arizena fverne: systems, before and
afiter floeds of Various magnitudes.






Again;, leng story Short...
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Wihat | have /or shown are: the
many: examples off Iesses off native
fishes andl explesions of exetic
SPECIES, 1Nl Arizena rvers: that have
peen stabilized and controlled 1y
dams.



Il fiact,, the only: places where
native species; ane doing well at all
IS 1 firee-flowing systems; o
ISelated systems Where exotics
ave net Been Introduced.



Conclusion: an uncentrelled system
that Undergees: nermmal ranges, of
variation Is better able to maintain
itS nermal structure and function
than orRe that has been controlled.



This gees back te the patholegy:

Wiheni the range off natural
Variationiin: a system IS reduced,
the system loses resilience wWhen

flaced Wit new: Stressors.



Translated to Arizona fishes:

Wihen yeu reduce or stop nermal

fleoding events; native fishes are

UnRresilient: and in' fact disappear in
the presence of exotic Species.



©: How doryeu maintain natve
fishes (and presumanly: other
Rative Biotea)?



A Maintain: free-flewing rvers and
let nature peredically flilsh eut
danaging| Exotic SPECIES.



Obvieusly we will net remeve. Glen
Canyoen: Dam any. tine: seon. Se
W, de yeu malntain: native viota
and noermal geeophysicall Processes
Withinrthe: Grand Canyen?



T'ry tor get as clese as possible to
the nermmal disturance regime of
the system.



Construclion of Chen Canyon Dam
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Youlseem to e making| strides
teward' getting| back terseme: level
e nawural vamrauoen, thretgh
adaptive management.



[T youl are. i/ .embracing adaptive
management, I You: are: oy,
learmingl fironi Management
Experments, It you are: oy willing
10 evelve and chiange: as: a result of
learning;, then you are doing the
gt things.



SUmmaiy/:



SUmmaiy/:

Command and contreliin natuiel reseurce
management typically fails i the leng
termrdue ter complexities; inrnauural
ecesystems, Whichilead ter surprises, and
eventual faiure.
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SUmmaiy/:

Reducing the range: of nattral varnation 1n
ecoesystems through commeanaland control
leads’ te; a pathelegy: that results In: 1ess ofi
resilience of the ecosystems.
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s Focus on efficient contrel and Iess; of
knnowledge: of natural ecosysten enavior.



SUmmaiy/:

Reducing the range: of nattral varnation 1n
Ecesystems threughrcemmand and control
leads’ te; a pathelegy: that results In: 1ess ofi
resilience of the ecosystems.
s Externall controll of the systen.

s Focus on efficient contrel and Iess; of
knnowledge: of natural ecosysten enavior.

s Growing econemic dependencies onr contrel:



SUmmaiy/:

Adaptive management Breaks the
patielegy and brngs Us a better level of
Understandingl of the managed systems.



SUmmaiy/:

Data firomi Arzena native fishes demonstrate
e Impetance of Unaderstanding natural
Varation and Incorperating It 1ntoe
management practices.



We must remember that the
Colorado: RIVEr By nature Is
dyRamic andfchanging. It and s
pIiota dernet respond well o
Control.




UhRderying ileme:

Nature has heen managing the
Colorador River for several million
years, and numans; have Been at: It
fior abeut 100;..
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