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Abstract
The qu estion of $ hclhcr ccos\ stem pftrces\ st dies can bc made re levanr ro ne$. cmcrgirS lnanlSem ent stratcgic s ro Lrchieve
ecosvstem \ustrinabrli!." on U.S. Fedef.rl lands is addrcs\cd b) exanining r sJnall sarnplc of nudie\ under$'|1r- in the P.rrific
North\\est andAla'ika. Proccs\cs beirg studied bv man,v .cscarchcrs ofiefthan those dircclb !ssociated $ iih hahitatcrcurion
xppc.rr largel) unfelared to polic.- strlenents such rs rhe \orlh$csr forest Plan (ltOD 199,1). Yel the\e pfocesses appcu ro
undcrpn the brorcler 3oa1\ of ecosy slcm s ustainrbiliq and, tu ndarncn|allv. the Plan iiself. Studics oi s uoces \ io n.rl , rl i dlhrc$.
podzolization. rnd froductirity prcccsscs ir southea\I Alaska forcns. and studies on rhe rolc oI earh,sLrccessional sDccics iD
chriging lniner.rl-soil organic nrucr in Pacillc Nofthlves! forc\ls. rre briefl) described. Iixamples ure given ol ho$ to usc inlbf-
matiN froln ihese liudics in mrnagement \traregies. lomc of ivhich are being iinplcmcncd br m.rnagers. \\'c conclude thar
man gement \iudies dcsigncd \litll help frdn ecosysrcm process reseafchers nrc a liable nethod to link process reseafch
\a i th muagement for  cco!)stem sust . r in. rb i l i t ) .

Introduction

Ecosystem process is defined here as any change
in . i , le  u  de l lned (co \ )  \ t cnr  h , , r rn l1 r l  11  ; r  nu '
mally I imited to biophysical proccsses, but also
includes social processes such as leaming. Fail-
urc to anticipate cltange is a common reason for
tail irg to l lreet management goals. Beller under-
standing of the causes and nalurc of change. rl 'e
argue, is necessarv 1o achieve manatenent golls.

In concept. ecosystem management, mandalcd
lbr U.S. Federal lands. has oftcn been delined as
appi)' ing ecosystem-ecology conccpts to manag-
ing lbrests. lully recognizing the comple>i intcr-
actlons bctween biotic and abiolic components.
and ecosvstem processes and resuiting pattems.
Tn the 1970s. thc decreasing propo ion of old-
growth ltands was the inilial t'actordriving arather
slow chan-ee in manatenent approach fiorn plan
tation fbresfty lowtrrd ecosystem managen]cnt. Not
unti l the 1990s did policy for Federal lands in the
Pacific North* est ancl Alaska focus on maintain-
ing histolical proportions of scral stages and their
associated species by distributing stages across
the landscape through fixed lancl allocation to
reseNed and managed ateas. The first regionll
interpretation and application 0f ecosystem man-
agemcnt concepts was the North\\'est Forest Plan

(ROD 1994). In this plar. ft)ur ecosystem pro-
cesses arc clearly expressed as a focus of man-
agenrcnt pdicy:

. Restoring late-seral habitat, mainly by
nanaging plantations in late-successional resel\es:

. Restoring riparian and stream habitat,
mainly by convening hudwoods to conifcrs along
streams and adding in-stream sffnctures:

. Haryesting trees, by converting standing
volunc into k)g-truck loads. ntostly in the so called
'matrix allocation; and

. Natural deyelopment. mainly by setring
aside largc areas to develop on their own. allow-
1ng them to be disturbed (except perhaps by fire),
ard without the influence of people (usually ig
nodng issues l ike global change. pollution, and
recrcation eflects).

These lists, however. are quitc dit lerent l ion
tvpical l ists of ecosvstem process studies, which
includc primary and secondary production. cli-
mate change, carboD sequestration. \1'atet mo!e-
ment. erosion. mass movement, fire, r'indthrow.
p tcdat , ' r ' -p1r .1  in le rac t ion . .  h , ' . t - f r th . ,gen in r r r -
actions. nutrient cycling, werthedng of primary
nrinerals, soil devclopment. plant succcssion. and
stand development. Reasons for this disconnect
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are beyond the scope of this paper. Rathcr, we
fircus on a small subset of process studies in the
Pacitic Nofihwest and Alaska and their potential
contribution to newlv cvolving management strat-
egies. The purpose ofthe paper is to explore nerv
palhways where ecosystem-process knowledge
may become more relcvant k) ecosvstem-man-
ageInent goals.

Examples of Process Studies and
Management Strategies that
Could Use Them

Succession Windthrow, Podzo izat on, and
Productivity n Southeast Alaska

In the past, nanagement has been inlluenccd
nloslly by a vcry simplit ied view ofsuccesslon
especially the idea that after catastrophic distrLr-
bance. all forests dcvclop into old growth and
remain in old growth for a long time until thc
next disturbance. Tn this model of natural suc
cession. proccsscs other thrn competit ion, self
thinnilg, natural catastrophic disturbanccs. and
tinber harvcst are lalgely ignored. and only pro-
cesses related directly to species viabil ity such
as cavity fomration and changes in habitat tbr prey
specres appear relevant to nanagement.

A study of long tenn forest succession in south-
east Alaska suggests that the simple successional
sequence ending in late-scral forest nray be more

an exception than a lule (Kramer 1997). On largely
unmanagcd Kuiu Island, chronic catastrophic
windstorm damage lesults in a variety of succes-
sional pathways on the fbrested lindscape. As much
as 30% of the tbrests may never reach late-seral
stage becausc ol the lrequent, catastrophic wind
storms. Even in topographically protected areas
(about 357r of the forested landscape), evidence
of a wide rangc of disturbance intensities and fre-
quencies was tbund, although they tcnded b cre-
ate what looked likc a late-seral fbrest. The re
maining 35% of tbrests may develop. atier
snall-scale and partial or complete stand replace-
ment disturbances, into mid- to late-selal stages.
Catastrophic storm disturbance is an important
process controlling the structure and development
of these lbrests.

Catastrophic windthrow rnay also be impor-
tant in maintaining forest productivity by mixing
soil when rootwads are uptulned. Dense podzols
develop in only 200 years in southeast Alaska.
immobilizing much of the site nutrient capital in
organic and Bh horizons (Figure l). Roots tcnd
to become limited to thick organic horizons and
become scgregated fiom incrcasingly acidic min-
eral soiJ (Figure 2). If soil disturbance from
windthrow happens befbreroots become confined
to the organic horizons. podzolization is reversed
by speeding decomposition, fteeing nutrients that
crn bc u.cJ h1 rernaining Lrees. lnd promoting
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deeper looting and early succcssional plants. If
roots become contined to organic horizons. soils
are hypothesized to becone increasingly organic
and infcrti le because trees can no longer mix
nineral and olganic holizons when rvindthrown.
Harvesting trees before they can be $'indthro$'n
and minimizing soil nrixing during yarding af
rnost eliminate soil mixing, which historically was
a common nrtural disturbance. Concems arising
liom the exclusioD ofsoil dislurbance fiom thcse
sites includc: krss of soil f 'ertiJity-u,hich is per-
haps irreversible \\"ithout drastic measures: loss
of arca in productive fbrest; and reduced viabil
ity of associated spccics (such as bears and bad-
gers that deD in rootwads). Maintaining the soil-
rn i r in : t  p r , 'ec . r  i rp le i r r \  I , ,  re \e r \c  nu l r ien l
imnobilization. maintain or incrcase rooting dcpth.
and increase weathcring to supply base-element
nutrients. A recent study has noted a narked 6-
year growth responsc in scedlings planted on ar-
titlcial mounds rclative to unmounded arcas. in
coastal nofthern British Colunbia (A. Banner, B.C.
Ministry ol Forcsts, Snrithers. pers. comm.).

\,4anagement Strategies Based on
Know edge of W ndthrow and
Podzo zat on

On Kuiu island. a managenent strategy is bcing
proposed to better maintain natural disturbance
processes in the harvcst units (Crane and Rorvan
Mountain timber sales. draft EIS 1997. on fi le.
Petersburg Ranger District, Petersburg, Alaska).
A diameter-l imit (.11 to 97 cm dbh) and small gap
harvcst (Figure 3) is proposed to create afrequency
distribution of gap sizes that morc closely approxi-
mates natural disturbance patterns (Figure 4).
Perhaps more importanl. somc standing trees will
uproot and not bc salvaged: thus the possibil i t ies
o f :omc r ,n , l  th r , '$  rnJ  duwned log .  a re  rna in -
tained. Bccause this strategy is ne\\". an intensive
monitoring program will assess. for example, the
ef lee t , ' f  n rn t l  c \ l r , \u re  rn . ' l  she l te r ing  on  loo t
throw and snap offofremaining tees and changes
in  gup. .  lqgqnq1x1 iqn .  and pro t luc t r r  i t1  r \c r  I  i r re .
In wind sheltered areas. most ofthe trees lelt at'
terhar\€st may remain standing. In tinrsts dircctly
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Figure 3. 
_l'he 

Kuiu prescriptior. A cablc systcm i\ applicd along cxisting roads lo harvest trees,ll to 97 clll dbh. and in
.imr" gaps.
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Figufe.1.  Ihe dist r jhut ion of  gap \ i7c!  rcsul i jng i ionr  thc Kuiu prcscr ipt ion more c l$ely fe-
semhles the presumed historical dictrjbulion ol gtps. rnd br- llllowirg le|!e trees lo
blo$ dor\ n o\ef tinre the mot rh.oq proce\r is p.1rtl! .raintaincd (conlrrred to coln
plete e l imin t ioD. rs i r . lerLrcut  unir \ ) .

Bormann and Kramer

Approaching historic distribution of gap openings



exposed to chronic windthrow. over time, the
greater than 97 cm trees mily blow over or snap
offas they dccay. The stands may tcnd to rernain
two-aged, with remnant fees providing habitat
stuctures fbr aninals and shade for light sensi-
tive unde$toryplants (Nowacki and Klamer 1998).
Over time. these starlds may ffend to$'ard uncven-
aged conditions (TLMP l997) and rnaintain much
of thc origiral old-growthJike structure (Pojar
and MacKinnon 199":[).

More active managenent to maintaiD the soil-
mixing process nrightbe considercdin fbrests with
soils thought to be on a thrcshold ol becoming
highly organic. For example, windthrown trees
could be salvaged (rootwads n.Iust be pr-opped up
or they ofien 1all back intoplace), small gaps could
bc placed to encourage windtluow and subsequent
harvest. and physical mixin-s ol podzols during
yarding and site prcparation might be tricd in
appropriatc areas.

C l  a rgoe i ^  Mi re ra  -So i  O 'gar  c  IVa e '  a '
A fecred  oy  Ea '  y -S :ccess iona l  Soeo es

Fcderal policynakers have assumed that the largc
acreages ofyoung plantations now bcing created,
mostly on non-Federal lands, neans that shonage
of early-succcssional species ud proccsses is not
a conccm. Plantation management, howevel has
made great strides i n shortcning the time th at sh rubs
and hardrvood trces occupy the site. Our process
rescarch seeks to flnd out whether early-seral
species (espccially deciduous shrubs and hard-
woods with associated microbes) affect long{crm
produ\ . l i \  i t )  th rou th  c l lec t r  un  s r r t lo l * tn  .  t " , -
ter. water-holding capacity, nitrogen fixation, and
weathering. As an exanple, if dense stands of
dec idu  u \  \h rubs  cnd l recr  h i r re  the  samr  ne tpr i
mary production as dense young conifer stands,
then becausc conifers are more efficicnt in con
vening net production into woody tissue-lcss
olganic matter wil l build up in the soil. If early-
seral species increase soilorganic matter that off -sets
later declines under pure-conifer stands, thcn ex-
cluding early-seral species may causc loss of as
socialed processes and spccies and may reduce
growth llnd dcvelopmeDt of late-seral species and
slructLlres. Retrospective aDalysis of old-growth
trees in the Oregon Coast Rangc suggests that
almost all of these strnds had very wide conifer
spacing during thc tirst 100 years or so (Tappcinier
et a]. 1997) and. presumably. dense shrub cover

Controllcd expedments have demonstrated large
differences in the eff'ects ofconifer and hardwood
trees on mineral soil organic matter. ln one five-
year study using common, homogenized soil.
mineral-soil organic matter dcclined 20% under
two pine species, and increased 5Tr under aldcr
(Bormann et al. 1993). Weeding experiments in
coastal OregoD have demonstrated the potential
importance of deciduous shrubs on minerrl-soil
organic matter. Small plots with plantcd Douglas
fir (Pseudotsuga menz.iesii) and dense salmon-
berry (Rribas spectubili.s) had 45% more soil C
in the top 15 crn of mineral soil than did fully
weeded plots aticr five years. Salmonberry plots
also had 3,1% more soilC than did plots with shtubs
removed. Ieaving Douglas-fir with competition
only from the herbs. mostly fbxglovc (Di.gil.r1is
purpLcea) (.Kermit Cromack Jr. pers. co m m. ) . Thc
efltct ofthese changes on subsequent stands has
not been wjdely testcd. The Long-Term Ecosys-
tem Productivity project (http://w$ w.cof.orst.edr/
research/ltep). a series of replicatcd management-
scale experiments in Oregon and Washington.
l i ' \ ' u .e .  pJr l l )  on  le5 t inF  d i l le rencc \  in  l ruces .cs
in )'oung plantations compared to 'natural' early-
successional assemblages. as wcll as efttcts of
soil changes on subsequent production (Figurc

5; Bormann et al. 199,1).

l\,4anagement Strateg es Based on
Knowledge of Soil Organic-l\,4atter
Chan ges

In  appropr i r te  r reu : . .  eh lnge.  in  \egeta l ion  In i rn -
agement might include letting shrubs and hard
woods occupy sites longer, planting conifers at
very wide spacing, thinning, encouraging decidu-
ous shrubs and hardwoods. planting mixed stands.
and creating gaps large enough tbr shade intol
erant species. A management experiment at Mt.
Hebo in the Oregon Coast Range is presented as
an example of a research-management partner-
ship, partly designed to evaluatc the importance
of early-successional spccies (Figure 6). The Mt.
Hebo experimcnt starting witb an E0-year<rld
D,'ugh' f i r plantation-\ r,rnprre\ four pre-crip-
tions tbr growing old growth and producing somc
timber: a no-cut control (a), a l ight gap thinning
(b). a heavy thiDning around the 30 lar,ecsl trees
pcr acre followed by planting cither red alder (Ar1rr
r rr.r) (c) or western hemlock(Tsuga heteropl4lla)
rd t .  r rher t  lhc  underp lan ted  t r (e \  J re  s r i , \  n  in
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Figure 6. The \1r. Hcbo rcsloraiion projec!. Four prescdplions--{omp fed as par of a tmber sale tLr speed

delclop c.r of old gro$th and produce some timber were replicaled three times on 15 acrc pllrts

assigncd randomlr  to an 8o-yeaf-o ld p lantr t iur .
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sho rotations without reducing the Douglas-flr
leave trces to less than 10 trees/acre. The alder
underplanting and other hardwoods are hypoth-
esized to increase rnineral soil organic matter,
nitrogen, andbase element nutrients to speed, and
later maintain. growth of residual largc conifers
to meet old-growth standards. The 15-acre man-
agement units were established in init ially simi-
lar arcas. and the fbur treatments were assigned
at fandom \\"ith three replications. An additional
purpose for this action is leaming how to grow
o ld-gruwth  h lb i t r t  f ronr  e r is t rng  p lan ta t ion ' .

Conclusions

A broad dehnition of thc goal of management
for Federal lands is to achieve sustainable eco-
systems. defined as mccting the simultancous
condition of providing what people waDt for them-
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