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Abstract
I j f teen}ex|sof |ese.L|cho|o1d-g|ou' lhr lndmlnagedconi1.er0usl0resrsha!cPI0\ idcdsu11]c icnlundcrs1andingo|bi ( ]dcI \ j l } ( )
suggest a basis nn ecos!\tenl m nrgement. First. Datuftl old ibrests h.r!e r l1lclaphysics valucs associarcd $jlh lhcir cxislcncc
and luncijon can neler be addfessed full] wirh the scientific method doner $e cannol recreute old growth. Second. li\c proces\es
undcr l \ ' iorcr Idc\ 'c1opent:cfo l 'nc|assdi ferent i . l t id l .dec. ldence.canop}st1aI i i . jcat i0n,understo
nrcrt ol habirar breadth. Habirar breadth re\ults from line-\c.rle sp.rti.rl heterogeneil) thrt proclucer stfuctLrfrl and coDpo\itional
di\cr!ll) rrcc spccjcr divcr\jt), ioliage height diler\iit. rnd vafiel,v'. of fecuffmg vegetrlion site-r]pe\. Third. the processes
\hapc rrophjc padr\a) s. lead ro niche dilefsificrtion. .rnd help to structure lirngal, invefiebr.tte. and \ ertebftte communilie\. The
conlribution of each pmce\s to niche d1\e|sificatll)n diftefs iD strength iiom its contribution 10 vrrirnce in lbrcst slructurc and
.ompo.,irion. Decrdence seem\ the nlosr fundamenral. unpfedicrrblu. md inlrrclablc o1 thc proccs\cs. T|lrreticall). r'colr_srLrn
m ln.Lge merr b.L\ed on the se p()cesses c n pfod uce landscapc s rhr| pr o! idc habilat lbr wildl j fi as\ociar ed $ irlr l alc \cral lirrcs t\.
sustainrble production of rimber rnd altern|tive lbresr producrs. ecologicd scr\iccs such as carbon a\sinrilarion and sequL'slra
tion. economic xrti\,iir thrt su\rrin\ ruf.rl comnmritie\. and $in ivir solutions \ai(h good cuhural lit (o conllicls olcr land usc.
FolLl . Ih.  \ rbstant ix l  uncerta int)  e\ is i , i  in  e\er  rLspert  of  ecoststen managenent.  Thus.  . rchie! i rg d i lcrs,r  berc l i ts  l r r  lorst \
rcquircs acr i \e.  intent ionxl .  adrpt i le ecos!stem management.

lntroduction

Concern about loss of biological diversity in the
Pacil lc Northwest rl i th continued harvcst of old-
gro\\ 'th ti)rcsts rvas widcspread by l98l (Juday
1976, Folsman et al. 1977. Franklin et al. 19E1,
Ve '1 , 'u  e t  L  l ( rh  I  r .  In  r . \1 , \n .c  lF  Ih i :  ion . (n ) .
the Pacific Nofihwest Research Station imple-
mented accelerated rcscruch programs in 1982
lbr old-growth tirrest wildli le (Ruggiero et al.
1991), in 1987 ti)r spoltcd owls,.StrA o.. i lc,?turl ir
(lSC 1990). and finally in 199.1. ibr tbrest eco-
systens. Init ial old-growth research was to: (1)
identily spccics of vertebrates and plants that
depend on or f ind optirnum habitat in old growth:
(2) dcllnc. classil). and inventory old growth: (3)
determine the biological requiremcnts and cco-
logical rclationships of species associated with
old grorvth: and (;+) evalu te nunagement alter-
natives tbr old growth. Studics of planl and ver-
tebr|tc communities wele replicated within and
among physiographic provinces in wcstcm Or-
cgon and Washington and reported (Carcy 1989.
Carel and Spies 1991. Ruggiero et al. 1991). These
studies neasured Dot only abundance. but also
r,ariously space use, firragin-q bchavior. tbodhabits,
reproductivc activi l). nest aDd den sites. season-
alit,v in habitat associations. and geographic varia-

tion i[ behavior and habitat associations. With
increirsed attention on the spotted owl. studies of
orvl habitat usc, dcmogrtrphy. and prey base were
replicated by physiographic province (ISC 1990.
Carey et al. 1992. Carey 1995. Carey and Johnson
1995, Forsrnan et al. 1996). Accunrulated rcsearch
was conpiled to produce reserve based species
conse ation plans (ISC 1990. Ralph et al. 1996)
and regional nanagement altematives (FEMAT
1993. SAT 1993) that had marked social and eco-
nomic impacts. Finally. cross<rwnership landsclpe
management stratc-qics wcrc formulatcd that nright
be morc successful at neeting di\erse human wants
and needs llom fbrests than appoftionment offbrest
land into agricultural production timber manage
ment and conser-vation-biologl -based systems of
reserves and nratrix lands (Carcy and Curris 1996,
Carcy ct al. 1996a). Experinenls were imple-
mented to test hypotheses generated b)' this last
approach (Carey et al. 1996b, in press D). In this
papcr, I rvill discuss some lessons I learncd fronr
vadous accelerated research eftbrts, research com-
pilations, and simulations of alternative managc-
ment scenarios. Most of ltly discussion is based
on the reports cited above: hereatler I cite only a
few key ret'erences.
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Old-Growth and Managed Forests as
Habitat

Beginning with the earliest scientif ic investiga-
tions. it was appalent that old growth (>250 years)
fin-ests in the Prcil ic Northwest vere special
lrccs wcrc largc. vcgclalion struclurc \!as co[1-
plex. and coarse rvoody debris loads wele high
compared t0 most l irrests in North America. But
were the tbrests unique as ecosystemsl ln other
rvorcls. did they ditftr significantly f'nrm scconcl-
gro\rth lbrcstsJ Ol]ce lost, could thel'be replaced?
Did thcl cxhibit propcrtics that cmcrgcd only af-
ler centuries of synergistic development? Were
there species of lvascular] plants or wildlile that
were tirund only in olcl grou'th? If so, what kincls.
anouuts. and arraugenent of old grorth u'ould
be necessrrv to ensure viable populations l This
iatterquestion u'as extended to bryophytes, lichens,
fungi. molluscs. spiclcrs, mitcs. and insccls: trncl.
in the future. it could be exterded to ever more
Iit i fbrms (e.g., bacteria ot-nematodes).

Some of these ciuestions could ha\:e been ln-
sucrcd withot( rcscarch. Old-growLh forests were
unique: the) developed ( l1 on specitic sites with
specific topoglaphic and biogeographic positions.
(2) over a specific period of t ime (250-750 yeals
ago). (3) under pafiicular clinatic regimes. and
(.11 under highly variable ard locatior-specitic
disturbance regimes. Once lost. it would be un-
likely thel' conld be reproduced through natural
succession or through intentional mrnNgement.
simpll because the physical conditions of their
dcvcloprncnl are nol subject to Lrn!aded naturll
repetition or to hulnal control.

Research demorstl'ated that there were a fe$
.per ' i c .  ,  ' l  pbr r ts  r , r rd  \  e r lehr i r tc .  Ih r l  u  e le  u r r  iq r re
1o forcsls >2-50 ),ears old iCarey 1989. Ruggiero
et al. l99l ). The spotted o\\ '1. among all thespe-
cies studied. seened most deperdent on old growth
given the conrposition of thc lanciscapcs cxisting
in the 1980s and 1990s (Forsman et ai. 198.1;Care,v
et al. 1990. I 992: Carel and Peeler 1995). Other
species such as salanraclcrs in spccific ph_v-si-
ographic provinces * ere associated with paticular
elements of old growth (larsc. dcca_v-ing lo-qs) or
habitats nost l ikely to be lbund in old-growth
cnvironmcnts (hcadwalcr slrcams u ith cold wa-
tel, dettitus-d r,en tbod u'ebs. gravel rnd cobble
beds. ancl high pool:rit} le ratios.). Nunrerous spe-
cics of birds and mammals were most abundant
in old growth but could be lbund elservhere. too.
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Abundanccs of many could be associated rvith
particular elenents ofold growth: 1arge. livc lrccs:
large standing dead trees: large, decaying fallen
trccs on Iand or in streams: diverse fbliage-height
ploti les: and diverse fungal comnrunities (e.g.,
Carel'et al. 1991. Care"v and Johnson 1995).

Thus. it appears that dd-growth lirrests and
their structural elenrents function differently fronr
younger foresls in providing 1'orbiological diversity.
Second-grorvth tbrests without legacies and in the
c()mpetitive-exclusion stage of lbrest developmeot
sccmcd thc lcasL divcrsc in plant and vertebrate
cornmuni l i c r :  .onrc  r r  c r r :  dcprupcr r l , '  r r r  .pe .  ie r .
lt became apparcnt. howcvcr, that biological lega-
cies (large l ive trees, snags. 1o-us. soil lbocl webs.
etc.) fion old growth enhanced the value ofboth
naturally young and second-growth nanaged lbr
csts as habitat f i)r various species of wildlite (see
various papers in Ruggiero et al. 1991,Carcy 1995.
Care"v andJohnson 1995. Ciuey et al. 1996a).Thcsc
repofis suggest that old-growfi characlcristics
could be developed in some young nanaged stands
through legacy reteDtion and intentional manage-
ment. When conrpetit ive-exclusion stages wjtb
oul lcgacics dominatcd a landscape. even *,ith
patches of old growth, the landscape was inhos-
pitable to late seral wildlile such as the spotted
owl (Carey et al. 1990. 1992; Carey and Peeler'
1 9 9 5 ) .

In depth studies rvere conducted on species and
communities p rl icular)' amenable to stud,v and
scnsitivc to ditTcrcnces in firrest structure and
conposition: spotted owls. arboreal rodeIrls. and
tbrest lloor small narrulals. These in depth studics
provided specitic. quantitative data on elements
n l  lo le r l  . t r rc tu re  and compos i t ion  in rpor lJn l  in
\uPnur t in l  l i u ' t i  t t chr  JnJ  nrFan i \n ls  l t  ra r iou .
trophic levels (Carev 1995: Carey and Johnsol
l995; Carey and Peeler 1995; Care\, ct al. 1996b.
in press rr. in press D.). Whereas abundance is an
e.\(nliJl m(!l.ure ,rl fe\pL,n\e ol orerni\nr\ lo (n
vironmental variables. to the structure and con]
position of particular biotic communities. and to
b io t i c  communi t ies  as  landscape e lements
(Whitlaker cl al. 1973; Carcy 1981. 198.1), it is
not the onl)'pefiiDent neasure; other denrographic
variables such rs age structur-e. sex ratio. repro
dur l i \u  r l t r in | l rcn l .  rnJ  . r r r r  i r  rsh ip  r re  in rpor
tanl (Maguirc 1973). In m) in-depth studie!. abun
dancc mcasurcs wcre reinforced b) these
demographic variablcs and bv measures of space



use, tenporal vadation in abundancc, and biotic
integrity of narrowly defi led biotic communitics
(Carey et al. 1991. 1992, 1996b, in press r.r: Carey
1995: Carey and Johnson 1995: Carey in press).
Relationships i imolrg demoglaphic measurcs and
bctween demographic measrues and habitat quality
arc complex, but abuldance was never mislcad-
ing in my studies.

Ecological Scale and Processes in Old-
Growth and Managed Forests

Using structure and anangement ol plant com-
munities and patterns of aburdalce and activity
ofarborcal rodents, Catey et al. (in press 1r.) found
file proccsscs of forest developnent that resulted
in emergent propertics at tlrc stand-ecosvstem level
in old growth: crou'n class dill'ercntiation. deca-
dencc. canopv strrt it ication, understory develop
ment, and dcvcloprnent ofhabitat breadth. These
processes seem to bc anrenable to mlugemeDt
within l i lnits sct by climatic l l ictors. Ecological
scale $'as impoflant 1() dcvelopment of ecosys
tem tunctions and elnergent properties. inclucl-
ing niche diversif ication. Of all the proccsscs,
decadelce poscs the most challenge to nanag
ers. Decadence also sccms to differ tunctionally
across physiographic prolinccs (Carcy 1995. Carey
and Johnson 19951. Carcy et al. (1996a) devel
oped a suite of mirnagcmcnt activit ies based on
the flve processes.

Simulation of Biodiversity Pathways for
Forest Management

Carey et al. (1996a) modeled landscape develop-
nelrt aDd firnctiou under thrcc markedly difter-
en t  ten t \ l r i3 l  ecos) \ le l ] ]  IncncgJrnaI I  . l rL Iep ie .
and three riparian nranagement altemalivcs. Eco-
systen managcmcnt strategies included (l) pro
tection with no nanipulation. (2) management to
maximize net plesent value of wood products. (3)
rctive management $'ith the intcnLion ofmeeting
cliverse demands tbl econonic goods and eco-
logical services fiom lbrests over the long tcrnl
(managcment to conserve biodiversity while maxi-
mizing social. cconomic. and en\,ir-onmettal
sustainabi l i t-v). The biodiversity pathways $ ere
bascd on research lesults accumulated fron lari-
ous rctrospective studies that conpar ed old grouth,
naturally young. and nranaged second growlh
lbrests.

Simulations revealed that management to con
serle biodiversit), resulted in laster recover)' ol
ecosystem and Iandscape function than preser-
vation. greater social benefits than both preser
lation and marinizing net presenl value. and
greater suslainable economic benelits than naxi-
mizirg let present laluc. The vlrious outcones
of simulated altemative managcnrcnt pathwrys
co l )s l i tu lc  h \  p , , lhe \e .  lh r l  J re  t ( . t rh le  in  p ro \ps . -
tive exper-iments and adapti\e nranagement ex-
peliments.

Hypothesis Testing with Prospective
Experiments

A number of licld trials of rlternative stand man-
agement reglnes are underway in the Pacitic
Northrvest. Onc in ptrticular. the Forest Ecosys-
tenr Study (Carey et al. 1996b, in press b). was
designed to specil ically tcst hypotheses implied
by the biodiversity pathways for forcst manage-
menl (Carc),ct al. 1996a). Another, an adaptivc
management experiment on the Olvmpic National
Forest (Olvmpic Habitat Development Study). has
been planned and lreatmcnts are being imple
mcntcd in 1991-1999. Preliminary results tionl
the Forest Ecosystem Study demonstrate that (l)
thc approach is practical and inplemenlable rnd
l l  r  th l t  h l  po the .e .  rh , 'u l  lhe  .hon tc rn t  imp lc t '
ofecosysten managemcnt derived from the o\erall
modcl of lbrest developnelt under actlvc trlan-
agement were colrcct. It is too ei,u-lv (alnost tlve
ycars post-treatment) to testhypotheses about iong-
term effects of active nanagcmcnt. But. overall.
resulls arc encouraging (Care.v et al. 1996b. in
press D).

Uncertainty About Active Ecosystem
Management

Nunerous species, cspccially the uncommon,
rvidc-rangin-r1 species. could rot be studicd ctTec-
tively in the retrospcctive studies ofold and young
fbrests. These species are conrmonly suggested
as associated $'ith old-growth foresls: northcrn
goshawk (Accl2rer genltl l lr). marbled murrelet
(Brachyrcunphus nturnoratus). Vaux s srvift
(Chueturo lrrrrl). rccl ftee \ele (Arborimus
lot1qic.Ludu.\)- tisher (Martes penndtti). n:tartcn
(M. tnteriutnu). andbats as a group (Carey 19891.
Factors l imiting these species arc unknown; eco-
\ )  r ren t  p r , , l .n  i c \  p r ,  'mu lgu t i  g  lh (sc  s fc ( ic \  t rc
also unknou,r'r.
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Afier re-qional management guides were de-
veloped (b1' thc Pacific Nofihwest Regien of the
USDA Forest Service and various ad hoc inter-
agenc,v groups) to meet the needs of vertebrates
dependent on old gro$,th, conservation groups and
scientit ic communities demanded consideratiolr
ti)r other life forms. As the range of litt tbrms
under consideration expanded. not only were sam-

f l ing  r r re th ,  ' J ,  ' l oB i r .  hck ing .  bu t  n rnnomie .  uere
also undcvcloped or unclear (or unavailable ex-
ccpt to rare. highly trained specialists). Hundreds
of species weLe nonexclusively l inkcd to old
growth. The runber of species in 1o$'cr lile fomrs
is staggcring. For example, Carey et al. (in prcss
,) f i)und 260 tara (when identil ied to the lowest
possible 1evcl. gcnus or species) of lungi on sample
plots k)taling .1ha in size (dra$'n fiom a total area
of 128 ha in fie Forest Ecosystem Study); if all
fungi could have been identilied k) spccies. the
total Laxa n.ray have exceeded 360 specics. lt may
not bc possible to ever identity all species of fungi
or inveftcbrales; it certainly wil l not be possiblc
to elucidatc thcir ecologies.

Even rvithout sanrpling and taxonomic prob-
lems, serious theorctical ploblems exist. What
consititutes depcndcncy on a habitat type (Carey
I91j.1)'l What constilutes a viable population'l This
question may not bc ansrverable beyond the gen-
eral National Forest Managcment Act delinition
of' breeding pairs u'ell-distributcd across the plan
ning area." Even determining populations trends
ol species such irs the spottcd owl is difficult
(Forsman et al. 1996). Dctennining population
trends and limiting faclors of 'anadromous" spe-
cies, such as the nrarbled munelet. are much more
diflicult (Ralph et al. 1996). what constitutes lbrest
fragnentationl The answer is cicar in island bio

-rcography (terrestrial islands separated by open
ocean) and in pafis of the eastern United States
(farm woodlots and small tbfcsts separated b)'
agriculturrl, suburban. and urban areas). but not
in tbrested lanclscapcs in the Pacific Nofihwest
(but see Carey et al. 1992. Carcy and Peeler 1995,
Ryan and Carey 1995).

Sampling. systcmatic. and theoretical questions
and the uniquc conditions under rvhich the old
gro$'th of bday developed produce what I call
thc 'nlehphysics of old gro$th . Therc are nlany
\,alues attdbuted to old growth that cannol be
addrcsscd through scientif ic obseNation, analy-
sis. or expcrimentation. Thus. science and tech-
nology cannot produce a substitute fbr. or new,
old growth. Old growth is a nonreneu'able. but

130 Carey

pelishable, resource with r highly variablc and
uncertain'shelf l i f 'c'.

Questions of Diversity

Some conflict arouncl management ofnatural re
sources is derived tiom various world views of
diversity and its importance. These world views
are philosophical, psychological, and cultural, and
not theoretical in a scientif ic sense. T distinguish
among three schools: production fbrcstry
(agref orestry). conservation biology. and systems
eL, '1 , ' ! ) .  {g |o lh re . tD \ugges l \  d i \e r . i l \  per '  se
is unimponant lo the production of wood: trees
require physical support (substrate of biologically
activc soil), nutrients. water. and light (energl)
and occasional assistance in resisting attacks b)'
pests and pathogens. A-qrofi)restry is ccononlically
and technologically based; managemelt is often
'cookbook (standardizedmethods). Cost:benetit
ratios, net present value. capital irvestmeDts in
land. mills, and manufacturing, and cash tlow drive
decision making. Monitodng fbcuses on timber
growth and yield and market prices.

Evolutionary biology providcd rools for con-
serr.ation biology. QuestioDS about why there are
so many species (e.g., Hutchinson 1959) provoked
an cra of research on biological diversity. Cdses
of extinction, loss of biological (geretic) diver-
sity. and a rending of the 'biologicrl tabric' pro-
duced consen'ation biology's "call to arms' (Soul6
rnd  Wi l i , ' r  I \ ) t l l l :7 ) .  MuL.h  , ' f  i r - r r rs r r r l t ion
biology's lbcus is on reserves for biological di
\c r : i l ) :  .ume rdherent .  asse t l  e \e r )  t J \ r 'nLr l l i r '
unit (genus. species. subspecies, and genetic varia-
tion within local populations) is important to long-
term survival and adaptability of species and sys-
tems to which species belong. Emphasis is on
conservative use of natural resources and conser
vation of taxonomic genetic divelsity. Manage-
ment is dogmatic and noninterventionist. lbcus-
ing on landscape design numbers, sizes. and
distribution of resen'es and connectin g coriclors-
or preservation of rare or unique ecosystems.
Management of reser-ves is contrascientif ic and
b iocent r i c  -  le t  n r tu |e  I l kc  r l \  .our .u !  mr in lc in
the rangc of natural conditions, keep people out.
Monitoring focuses on diversity mersures, spe-
cies of low abundance, and rare species. Taxa that
are suggested as in need of survey ancl nronitoring
before management actions are implemcntcd nuIn-
ber in the hundreds in the Pacitic Nofthwcsl.



Modern systems thinking (Wilbur 1995, Ray
1996) is epistemological, philosopbical, scientilic,
psychological, and sociological. ltrecognizes that
people are not only pafts of higher systcms but
also that everything people do serves some hu-
man purpose (e .g . .  t iom min ing  miner r ls  to
establishing reservcs). With rcgard to natural re
\ . \u rec \ .  \ ) \ lem\  lpprorcher  locu .  on  in te r
generational equit). sustai nrbil i ty. and conserva-
tion of biodiversity. Biodiversity is defined as
ht r i ld inS h l , 'L  l '  l tene . .  p r ,puJr t i , ' n r .  :pcc ic : .  cc , .
systems). evolutiouary and ecological processes
tha t  sh  pe  the  h l r \  ks .  i ' nL I  Ihe  in le r r ( l i , , r \  J |  n .  t r  s
the blocks that produccs ecological and economic
goods and services (Reid and Miller 1989). A tue
systems approach rccognizes that ( I ) s) stems clrl
be studied, described, categolized. analyzed. and
nrodeled: (2) systems are hicrarchical with emer-
gent properties at each leveli (3) hunrans are linr-
ited cognitivel) ' and perceptually; (.1) thc'1ruth"
wili never be known. there are di11-erent ways of
knowing (ircluding science and culture). rnd
adaptive management lcnds itsclf wcl1 to learn-
ing :  and '5 t  l carn ing  i .  in teg la l  ln  rn : ,n r ,p i r rp  ' r . -
tems. I call the application ofa slslems approach
to Datural resources active, intentional ecosystem
mana-scnlcnt: (1) active because desired future
cund i t ionr  r re  dc f iued anJ  in le r \cn t iL ,n !  r re
pianned and implemented to achieve the condi-
tion, and (2) intcntional bcctruse the full range of
human wants and needs and all available scien-
tillc intirrrnation arc uscd to (a) lbrmulate very
specil ic, hierarchical objectives. (b) to prescribe
a systcnl of inlervenlions, and (c) to design a sys
tem of monitoring and feedbrck, all within the
constraints of general sustainabil ity (Goodland
1995). MoniLoring lbcuses on natching multiple
projected outputs to realized outputs, including
econonric, social. and ccological neasules. Eco
logicaj measures focus on biotic integrity and
measures ofecosystelr lunction (Carey and Curlis
1996. Carey et al. 1996a) at multiple trophic 1o'-
els (levels of hierarchy) (Carc) ct al. in press a.
in press D). Managenent policies. systems, and
methods must have a good culturl l f l t. Because
of scientit ic unccrtainties, the adequacy of a man
agement plan is judged init iall l  upon its inten-
lioDality and subsequentlv or (l) degree of vali-
dation of the underlying system modcl through
monitoring of outpuls. (2) feedback to objectives
and actions. aDd (3) demonstation of changes in
the plan and actions through ildaptive managcmcnl.

Conclusions

. Old grorvth is a unique. ir-replaceable, perish-
ablc rcsourcc.

. Managcmcnl ofcxisting landscapcs. llturc land-
scapcs. and sccond-growlh forests oflers many
, ,p l \ t , r tun i l . .  to  c t ,n \ j r \ c  b toL l i \ c t \ t l )  ln  i l ,
broadcsl scnsc.

. Active mrnirgement holds morc promisc than
appoflioning fie region into biodiversity re
serves. natrix lands nranaged under new lirl'
estry principles. rnd timber production lands
managed by agroti)restr).

. Substartial scientific urcefiainty (predictabjlit!
under systenrs maragement) exists and u'i l l
continue to exist throughout the l itetinres of
thosc now ali lc.

. Monitoring and adaptive management wil l be
necessar)' to achieve human goals for forest
ecosystems.

. Thcrc arc too nlany taxa polenlit l l ly sensil ivc
to foresl nanagemenl for species-based moni-
tonng.

. Measures ofbiotic integlitl. ecosystem furc
tion. and public acceptabil it] '  $ i l l  have to be
developed.

.  No . ing le  . i l v i cu l tu la l  \ )s l ( rn  i \  : l fp ropr i  <
for all lands: equifinality suggests there are
various path$'ays to achieving any set of ob-
jecti les: cultural f it should be used as one cri-
tcrion lbr selecting the pathway to be inple
mented.

. Organizations and managelnent are a social
phenomena with ilrrplied and defined e\pec
lalions on the pafi of pafiicipants in a social
conffact. Failure to comnunicate clearly about
e \ l rc l r l ion \  (  r I  on l \  re \ t | l l  i l a , rn l l i . In , ,n r i r f le r
whcthcr thc managing organization is pri!alc.
state or plovincial. or federal.

. Enrerging cultural strcrnrs in thc USA (Ray
1996) suggcsts sustainabil i ly is becoming a prc-
cmincnl culLural \ i l lue; sustaiDabil i ly. then. is
an essential component of n-ranagement plans
and must be demonstrated with high intention
a l r t ) .

.  H i \ l r ' f \  h rs  . l r  u  r r  th . r l  ru . rn i / . r l i , ,n .  .  i  n , , l
i r rL lependent  , r t  the t r  l . r rge t  ' r r r  i r r l r 'n r  i r r rn tncn l :
antisocial behavior is evcntually rcwardcd with
increased rcgulation.
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