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Astract — When viewed from a conservatlon biology perspective,
postsattiament outbursis of ponderosa pine irees In ponderosa
pine/bunchgrass ecosystems not only reduce biological diversity but also
lead to nonadaptive catastrophic processes. These changes, in conjunciion
with parallel decreases In natural resource condifions, are compelling
reasons for beginning ecological restorafion frealments designed lo
gstablish landscape conditions which mare closely approximate the
conditions which these ecosysiems have experienced over evolutionary

timee.
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* Between the two extremes of passively following Nature
o the one harnd and open revoll ogains her on the
ather, is a wide area for applying the basic philosophy
af working in harmony with natwal tendencies” (H. J
Lotz [950).

INTRODUCTION

This document presents an overview of some unintended
of filure 0 monsge in hamony with natol
iendencies in the Southwest. Although the paper focuses on

ather forest and woodland types in the Soutiwest

This discussion will be placed in the condext of key concepts
of comservation biokgy and mstomtion ecology. The paper
begins with a quick overview of some conssquences of overly
simplistic approaches to resourcs management. This is followed
by a brief outline of soms cemiml postalates of comservation
biology. Mex will be a synopsis of changes since sefilement in
pondervea pine/bunchgrass scosystems. This synopsis s
Zollewwed vy & rief owdfine of soological mstoration cORCEDE. o
rajed i et sclicy staeernens v the Scciey for Ecclepenl
Fesiomicr. Then comes 4 oweserhnon of some idess of how
-ve might apply tese principles © Fe mstomton of more seary
natoral conditlon In scuthwemem pondesoea pinebunchgrass
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ecogystems. Finally, the paper closes with a challenge for action
and an alarm regarding the impending boss of key componenes
of our nairil rscarcs management infrastrochore.

OVERSIMPLIFICATION IN NATURAL
RESOURCE MANAGEMENT

Ii ls ineresting to think about ecological management
problems in the comext of the "exphoifation heritage”™ of
contemporary netoral rsource management In Lage past, this
potion siems from a reductionist, anthropoceptric view of
ecological sysiems, in comirast 1o & moee holistic, scocentric
view (Leopald 1933, 1939, and 1949; Flader 1974; Devall and
Sessions 1985, The exploitive view tmoes its mots o the
industrial revolotion and specifically to a commodity view of
the land, in which the land is viewed merely as a source af
resources for the "engine™ of ecomomic growth (Flader 1974
and this volwme: Callicott, this volume), The comemsmone in such
a view ig thet the mle of humars = o eploit natuml esowtes
by channeling the " machinery” of natural Fesource pmduction
w sprert the accumalation of wealth A conssquence of this
chimipyy i *he oopheien dhe S bes and highest oy 37ke
g Wi b otpeyed T diling Al of e cyedaion soriying
all of the meecty, puiting omt al) of the Fres, ard splacing o
of the sowly growing ard " decadess®, sld-grownh Tess with
apidly growing asd "vigorous®, youmg irses. Thest
management actions me viewed a5 climinating be °wasie"
from, and imcressing the “efficiency™ of namral resowrc
production



promically predator control (exterminstion) prograns, insect
ﬂww.mwummmmm
Wpﬁmmmmmmﬂﬂﬂnwﬂﬂ
WMMpﬂﬁdﬂ (e.g. see Holling 1981).
por example, land degradation caused by overpopalation by desr
mmmﬂ.ﬁibyuﬂfmihnuurﬂrpﬂnupmpmm}m

s within the first decade of this cenmury {Leopald 1949,

1974). It can take longer in irsect spraying programs.

5. Holling (1981 and elsewhere) has documented the backlash

hwmmmmmmmm

foresis. While saccessful indtially, eventmlly (within 2 o 4

decades) so much of the forest becomes susceptible 1o budworm

pufbreak that spraying could mot prevent morality on an
scale,

It the case of fire suppression, the kg in Matre's backlash
jg even longer, perhaps 5-10 decades depending upon the
inerplay between fuel production and decomposition and
petween new tree esiablishment and morality (Sando 1978,
Holling 1981, Kilgore 1981, Covington and Moore 1952).
Evesiimlly though, enough fisel sccumulates so that no amount
of fire suppression effort can contain ensning wildfines.

Replacement of old-growth trees and stamds with younger
gands wag a very successful strmategy while wood fiber
production was the dominant goal of public forcst management
in the 1.5, (argushly almost the entire history of public foresiry,
except the last fow decades). Today, mammlly functioning
old-growth trees and stands are widely viewed as an integral
companent of forest landscape ecosystems and one which hes
become cccedingly mre, if ool io@lly absesi, in most forest
and woodland types (Hoover and Wills 1984, Thomas 1979,
Booth 1991, Kaafmann et al. 1992

SOME POSTULATES OF
CONSERVATION BIOLOGY

Michas] Soule, in his 1985 paper, presenied some postulates
af 1he discipline of comservation biology which are relvant o
interpreting the ecological consagquences of changes - since
seitlermen in ponderosa pine ecosysiems. He proposed two seis:
a fimcziomal, or mechanistic set and an ethical, or normative, set.
For this discussion 1 will focos on the functional postulases.
Soule defined the functional postulates as working propesitions
.meﬂm . pardy oa theory. end pardy cn

Ttz fisi the evoitionory poswime noes My F e
speces that consttute nafmml communities 19 the AT oF
cosvoluriorary processes. :

The second functional posmiate concems the scaie of
ecological processes: Many, if not all, scological processes have
chaotic, or suspended. Two major assumptions, or

93

generalizations, underlie this posmlare. First, the tempoml
continuity of habitats and successional stages depends on size.
Second, outbursts reduce diversity,

Finally, penetic and demographic processss hive thresholds
below which nomadapiive, mndom forcss begin 1o prevail over

CHANGES IN SOUTHWESTERN
PONDEROSA PINE ECOSYSTEMS

The most extensive study of postseftlemens changes in
southwestern pondemsa pine to date is the monograph by
Cooper (1960). In this disscriation work, Cooper used a
comhbination of historical methods and direc! observations of
giand siructure to document changes since sctlement in
west-ceniral Arrona He used mpons from cardy taveles o
ilhstrate the changes in appearance of (he pondemsa pine forest
since scitlement. For example, E F Beale's 1858 mpon is
quoted by Cooper (1960) as Tollows:

“We came to a glorious Torest of lofty pines, through whach
we have travelled tem miles. The counlry was beamtifally
undulating, and albough we wmlly ascciae the ides of
bamenness with the ping regions, if was not so in this instance;
every food being coversd with ihe finest prass, and besotiful
bmoad grassy vales extending in every direction. The forest was
perfectly open and unencumbered with brash wood, so that the
travelling was excellent™ (Beale 1858).

Cooper (1960) concluded that, “The overwhelming
impression one gets from the older Indians and white pioneers
of the Arizona pine forest is that the entin: forest was once much
more open and park-like than it is today.”

Refore Eurpean settlement of northem Arizona in the 1860
and 70', periodic natural surface fires occured in pondemsa
pine forests at frequent intervals, every 2-12 years (Weaver 1951,
cmtm,mmu1m,m1mhmlm.
Several factors associated with Euopean settiement caused a
reduction in fire frequency and size, Roads and tmils broke up
fuel conmtinmity. Domestic livestock gmzing, especially
owvergrazing and irampling by catte and shesp in the 1880's and
1890°s, greatly reduced herbaceous foels. Active fire
sppression, 85 cardy as 1908 in the Flagstafl area was a
mwincipal duty of sarly foresters in the Southwest A direct result
o mdeTrupting and ing these oaturally cccurming,
Seriodic fres bas Sesn e develStpment of sversiocked fomsts

Thmges In 3= res souchue (ag. b= density, cover, age
disgibations’ T soudbvesien sonderosy pine forests since
Zumpean sctlemes have besn blamed for many -ccosysem
mamagement probiems (Cooper 1960, Biswell 1973, Weaver

“1974, Covington and Sacken 1990, Covinglon and Moore 1992).

Pmoblems attmbuted 1o fire exclusion and resulting increased tree
density in ponderosa pime inclode:



an increase in tree density, especially of small
diameter trees — Arnold (1950), Cooper (1960),
Biswell (1973), Weaver (1974), Steele et al. (1985),
Barmren (1983), Landenskayer et al. (1989), Savage
(1989), Keane et al. (19%90), Covington and Moore
(1992)

a decrease in herbaceous and shrub production —
Amold (1950), Cooper (1960), Biswell (1973),
Weaver (1974), Steele et al. (1985)

a conmsequent decrease in the diversity of net primary
production and hence food web diversity (e, a
tendency oward a monotypic pholosynthesis
concentrated in ponderosa pine trees) — Thi
conclusion comes from the fact that NPF in open
park-like stands was spread across 50-200 vascular
plants in addition to ponderosa pine, whereas today
it is concentrated primarily in ponderosa pine.

a shift in wildlife habitat from one favoring specics
requiring open, park-like stands dominated by large
trees to one favoring species which are more
successul in dense forests composed of smaller
diameter trees (Covinglon and Moore 1997)
accumulation of pine litter on the soil surface as
forest floor fuels (pine litter is very high in lignin
compared to herbaceous litter; lignin is a
broad-based metabolic inhibitor.) — Ponderosa pine
liner has one of the lowest decomposition rales
ever observed (Olson 1963 and van Wagtendonk
1985)

disruption of organic matter processing and muirient
cycling — Covinglon and Sackett (1984, 1985,
1990)

increased crown fuel loading and increased crown
closure — see references under item 1 (above) plus
Barrows (1978), Sando (1978), and Covinglon and
Moore (1992)

increased fuel ladder (vertical fuel contimuity) —
Barrows (1978), Swetnam and Dieterich (1985),
Swetnam (1990), and Covinglon and Moore (1992)
increased patch and landscape crownfire hazard and
sccurmence: — ses references in item 7 {above)

. decreased tree vigor, especially the oldest age classes

{300 yrs aid) — Avery et al. (1976), Sutheriand
(1983}, ‘Waring (1583}, Covirgion and Moors (1992)

L. ingieased Ser moralitr dee 1 insech 10 Siseoers
‘which wocy e i v dgor — Jarme® (1071,

Sarrwed e SiEvemE J18TH
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and landscape hierarchy (decreased nutrient
recycling, forest floor fuels steadily sccumaiating,
simplification of NPP and food webs, decreased
species diversity, larger and more homogenous
distarbances, decreased landscape diversity) —
Mooney (1981), Covington and Moore (1992)

Covington and Moore (1992) present quantitative estimajes
of changes since setilement for two shiddy areas in the Arizom
ponderosa pime type. Their estimates of 13-36 moes per acm
{with most trees being large, old, *yellow" pine) ot the time of
setflement in the Flagstaff ares and on the Kahab Platean am
consistens with the results of other studies including these of
Woolssy (1911), Rasmussen {1941), Cooper (1950), and Whike
{1985). This open, preserilement forest structure sands in st
contrast to today's dense, postsetilement stinds contsining
200-1,200 trees per acre with very few remaining old-prosath
trees. The mapnitnde of such a population imeption is staggering
For example, a "back of the emvelope calculation” would yield
an estimate of an excess of over one billlon =25 in Arizon
alone (this estimase i based on a pressttlement demsity of 40
trees per acre, a currend density of 350 frees per e (Fax et al
unpublished), and a wotal of 3.35 million acres of the pondems
pine type in Arizona). Such a population irmiption dwarfs the
irmuptions in deer populations estimated by Leopold (cited in
Flader 1974).

Covington and Moore wenl on Io estimale changes in
among other (hings, decreases in water availability and runof],
in aesthetic values, and in forage production Although their
inferences regarding changes in wildlife habitat have been
controversial, there can be litthe doubt that the change from a
landscape dominasted by prairic vegetation with paiches of pine
tees 0 one where piné trees dominated the net primary
productivity has wrought substantial changes in both the
composition and the population sizes of animal communities.

ECOLOGICAL RESTORATION

Given that many of these changes amc deletenious, the question
then becomes, * What can we do to mmedy these problemsT™
In a predator; prey system, if predaiors are suddenly reintroduced
inio & prey population st is ioo low in vigor or o fow in
namber, the whole system might well crash. Wholesale cessation
of imsect sporring programs could resalt m very lamge and
massive tree monaity requitng mamy decades for mcovery
(Holling 1981). Similady, aflowing firs to bum frecly in
ecosysiems which have unmamrally heavy fuel accumulations
might canse eaensve long term damage to food webs, autrient
cycles, and soil development (via accelerated ercsion). In fact,
moanh in ot seqmoitimived comfer, cek- covanmsh, and
pondemsa pine/bunchgrass adicaics that manus] resove
(thirming) of tmess and spot fued cestment may be pecssay
prerequisiies for resioration of fire 2 4 oatursl component of
ecosystems adapeed 10 a freqoent, low intensity fire regime {5e=
Parsons (1981), Bonnicksen snd Sione (1985), Parsons et 3l
{1986) for a bively discussion of policy concerns). The need for
mamal thinming and spet foel treatment a8 components of an
ecological resioration program in southwestemn pondemss pine
are indicated by the difficulty of thinning postsetilement itrees



wﬂﬁﬂ:badhmﬁngudﬂ:himmﬂhymduﬂgmmh
uﬁmFﬁnﬁhﬂdhmingufmmhmTfumﬂﬂw
Joads (Hamington and Sackett 1952).

Answering the question, "What can we do to remedy these

;qnhlﬂlﬂ'i" is what the field of restoratiom ecology and

is all about (Jordan et al. 1987, Jackson 1992) It
geals specifically with research and management

ion o delermine wiays o safely msiore degraded
poological systerms 1o mene nearly natural conditions. Resiontion
ecology was founded by Alde Leopold after he abandoned the
gotained yield view of game mamagement shonly after his
arival in the Southwest As Leopold said, " The first step is 1o
rconstruct 3 sample of what we bad o begin with " Irondcally,
one of Leopold's first (1924) professioral publications (writien
while he was a forester with the Southwestern Fegion of the
Forest Service) dealt with the postsettlement decrease in gmsses
-and the increase in shrubs, trees, and fuels in Arizona.

Although some of the principles for ecological restoration an:
gtill in the developmend stage, several have moehved broad-based
support. Varlous suthors in Jordan et al (1987) provide
stimulating discussions of some of these principles, Perhaps the
most usefil restoration definitions and principles in the confexd
of this paper are {hose presenied in the 1992 draft policy
patements of the Society for Ecological Restoration. In that
document " ecological regomtion”™ is defined as the process of
inienticnally altering a site 1o establish a defined, indigenons,
bisioric ecosystern, The peal of this process is (o emulate (he
grcture, function, diversity and dyramics of (he specified
ecosysiem, The policy stalemeni goes on fo state that whik
buman use of restored bandscapes is not only imevitable but also
desirable, these uses should be designed to be compatible with
the principle of sustainability.

Regarding the preservation of biodiversity and endangersd
cannod be sstained satisfactorily apart from visble ecosystems.
This has lead the socicty to advocate that mesourcs agencies
charged with preserving biodiversity and protecting endangered
Epecies focus atiention on msiorng and mainaining the
Ecosyslems upon which endangered species depend.

CONSERVATION AND RESTORATION
OF BCUTHWESTERN PONCEROSA
PINE ECOSYRTEMS

2iven e well documensed cotbucs: o pondercen zine since
Ewp-Aresican setflement and the conssquers jesiined In both
leday's genemation of metural resource managers io begin o set
how exactly to accomplish this on a large scale, such a program
would clearty invalve sile-specific adaptations of the following

l. Prserve all wrees which predate grazing and fire
exclusion.

1. Thin all postsetilement trees, except for those needed
to emulate presettlement demsities and dameter
distributions.

3, Mamally or mechanically remove heavy forest floor
material from under presstilement tree canopiss.

4. Prescribe bum — Initial cool season prescription
{ideally wet soil, cool air temperabures; eventually
Warm scason maintensnce buming or burning
alternating with livestock grazing to approximate
effects of natural fires while mindmizing air quality
degradation by smoks),

5. Reintroduce indigenous biota (plants and wildlife, in
particular) when pecessitated by bocal extinction

CONCLUSIONS

In summary, owing largely to the lack of an ecological view
of the land, the history of Baro-American settlement of the
southwestern ponderosa pine/bunchgrass type has besn
characterized by open mevolt against Mature, While thers can be
little doubt that much remains o be discovered about pondersa
pine ecosystem structurs and function, what we do know & thet
inaction i indefensible, with long-erm negative ramifications
for ecosystem stroctore and fonction. Reliance on piecemeal
approaches (one specics ot a time, one process at a time) is
overly simplistic and likely w0 have undesimble consequences
for the land system as a whole. Instead, it is becoming
increasingly apparent that large-scale, whole-system,
managemenl experiments are necessary for discovering how best
o restore the health (inkeremt ability for self-renewal) and
integrity (coevolved biological diversity) of pondemsa pine

ecosystems.

Finally, removal of excess trees and peescribed buming
possibly in conjunction with carefully comtrolled Livestock
grazing arc pecessary sieps not only in restoring but also in
madntaining the health and inteprity of our souhwestem forest
ecosystems. A fallure o understand conservation biology and
restoration ecology by manmy in the debate over forest
management n the Soutbraest fas fead o constraints which may
well result in the destruction of much of the * tree removal® and
fompe (hetbaczous fuel) mansgement infrastroctune essential for
maintsiring 5 cabboally accemtsbic fim regime, 7 we allow this
i happen. it secms jmobable (S within the ne:x gepexation of
wa, our chikhien and gEncoTicm will Mave o0 imvest mx
dollas 0 seowild insl DIMSEOCILE - mnies: cmecs. disease
and #ikifite m=ron tedr ootions,
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