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N NTRODUCTION: CLASSIC ECOLOGICAL RESTORATION
is chapter is
tion ecology, thzogc?ebo_llt the afrt of ecological restoration. Nor is it about restora-
philosophy of CCIOIOgi(I»l;le that lnf.()rms the art. Rather, this chapter is about the
examined in a fairl 1‘( rostoraziot The philosophy of ecological restoration is
the twentieth Centu); Otng historical perspective, ranging from the first quarter of
f§Stor ation. as it waZ 00. th(é present. .It concerns, primarily, the aim of ecological
View in which that con rlxgln.ally conceived in the 1930s, and the ecological world-
at that time. was -onception of ecological restoration was embedded and which,
cal restoratio’n al aSsum'ed t(? be true. That’s what I mean by classic ecologi;
which critical p,hiloefac}}:' inherited by contemporary practitioners of the art, upon
EartiCUIarly’ L aron eoﬁhlcal reflection might be illuminating. In this chapter, more
reference syste n%”fl N at the classic target of ecological restoration—the classic
ecology was COHsol'd; as bGC.OIne problematic after a profound paradigm shift in
what past eCOlOgic; ldt(?d during the mid-1970s. That then raises the question: S0,
consider and (tritics‘ildte or condition should be the target of restoration efforts?
suggestion that oc lla y assess several alternatives, prominent among them the
Te-establish bioti(/- ological .r(?Storation in the Western Hemisphere should aim to
Homeo sapiens a,s F‘)Inlnlmltles that existed in the hemisphere before the arrival of
thill;teen thOusanddy ({‘;‘/rystone species at the Pleistocene-Holocene boundary some
hilo Ars ago-.
pherg’ tfni?]hirs often employ a device
for exampleg t experiments often range from t
Few bOOts-._o’n‘_“;(l)uld it be like if two psyches swapp
Surrogates - Suc‘;"gmund ecological restorationists have proposed restoring extant
Megafauna, of th 33 camels, cheetahs, and elephants—of the extinct Pleistocen®
Flon Project wi e Western Hemisphere to the Western Hemisphere- Such a restora-
if not a.lt()g(,ﬂO‘UId appear at a minimum quixotic to work-a-day restorationists:
Make sych a”)l('r preposterous. But this time this philosopher does not have 10
eXtinct, PleistI rf)posal up as a “thought experiment.” Restoring surrogates of the
ocene megafauna to the Americas has been serio sed by
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credentialed professional scientists and, moreover, taken seriously by such unim-
peachable sources of scientific authority as Nature and Science News and consid-
ered newsworthy by the New York Times. Apart from matters of affordability and
both ecological and political feasibility, I try to explain here why - philosophically
why: not ecologically why, not financially why, not politically why-—real-world
restorationists are likely to regard Pleistocene parks with horror.

The norm or target for ecological restoration seemns straightforward and obvious.
A given site has been manhandled by the saw, plow, cow or by some other instru-
ment(s) of anthropogenic transformation. It has now been abandoned or retired
and, by good fortune or foresight, it has become a locus for ecological restoration.
To what ecological condition should it be restored? Tts “original” condition, of
course. And how do we know what its “original” condition was? The condition in
which it was found at “settlement.” This is, after all, exactly what one of the first
and arguably the most famous of ecological-restoration projects was all about -—the
University of Wisconsin Arboretum and Wild Life Refuge. And none other than
Aldo Leopold was the mastermind who conceived its purpose. Leopold [1999a]
gave a brief speech at the dedication ceremony of the UW arboretum in which
he outlined the project and provided a rationale for it. Leopold’s statement on
that occasion is the first clear articulation of the concept of ecological restoration.

Curt. Meine [1988, p. 328] sets the scene and quotes the key passage in Leopold’s
speech:

On the morning of June 17, 1934, civic leaders and university officials
gathered in a barn on the south edge of Madison and officially dedicated
the University of Wisconsin Arboretum and Wild Life Refuge. The
university had acquired five hundred acres of typical post-settlement
Wisconsin farmland: pasturelands, grazed woodlots, plowed prairie,
marshes, and fens. Indian burial mounds dotted the perimeter of Lake
Wingra, on whose southern shores the lands lay... . Leopold was one
of several speakers that morning. In his talk he described what he and
other faculty overseers envisioned for the arboretum. It was not going
to be just a collection of trees, like other arboreta, but “something
new and different” -a collection of landscapes, a recreation of the land
as lT. once existed. It would be replanted not simply with individual
species, but with entire plant communities: prairies, hardwood forest,
coniferous forest, marsh. “Our idea, in a nutshell, [Leopold said] is
to reconstruct, primarily for the use of the University, a sample of

original Wisconsin g sample of what Dane County looked like when
our ancestors arrived here in the 1840g.”

At the irst def . .
moment he first defined ecological restoration, Leopold was under the sway

(v)f‘ TW(-) then prevailing myths: (1) the colonial myth of wilderness; and (2) the
scientific myth of Clementsian equilibrium ecology.
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THE WILDERNESS MYTH AND THE EQUILIBRIUM-ECOLOGY MYTH

In January of the next year, Leopold would join Robert Marshall, Benton McKay,
Harvey Broome, Bernard Frank, Harold Anderson, Ernest Oberholtzer, and Robert
Sterling Yard to found the Wilderness Society [Meine, 1988). In an article pub-
lished in 1930 in The Scientific Monthly, Marshall [1998, p. 86) beautifully artic-
ulates the colonial wilderness myth:

When Columbus effected his immortal debarkation, he touched upon
a wilderness which embraced virtually a hemisphere. The philosophy
that progress is proportional to the amount of alteration imposed upon
nature never scemed to have occurred to the Indians. Even such tribes
as the Incas, Aztees, and Pueblos made few changes in the environment
in which they were born. The land and all that it bore they treated
with consideration, not attempting to improve it, they never degraded
it. Consequently, over billions of acres the aboriginal wanderers st%ll
spun out their peripatetic carcers, the wild animals still browsed in
unmolested meadows, and the forests still grew and mouldered and

grew again precisely as they had done for undeterminable centuries.

; . . ; i ral
According to the wilderness myth, the entire Western Hemisphere was in a natu

condition free from significant human influence when “discovered” by Columbus.

What about the American Indians? Well, yes, they were here already, but there

were too few of them and they were either too technologically back.w.ard or t00 'en-l

vironmentally ethical to have a serious impact on the primeval, original ecologica

tonditions persisting in the hemisphere. . d remain
In the absence of significant human disturbance, those conditions would rem

. . ; die, but they
the same. Sure, trees and other organisms go through life cycli a(;ldure ’o ccasion-
are replaced | ; ion aft ration. And sure,
ed by the same species, generation after gene ;

y the same species, generat g munity, but after a

all),’ cataclysmic natural disturbances befall a whole biotic communit) f There-
Series of successional stages, the climax community would reestablish gS: r'minable
fore, overall, the Western Hemisphere remained unchanged for “undete
eenturies.” This is the ecological equilibrium myth in 2 nutshell.
o ﬂrlederic Qlemvnts was arguably the most influentia.
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is like going north, and in North America, like going cast: the microclimate is
cooler and wetter at higher elevations. Thus forests grow in the high lands of the
American Southwest overlooking the lower-clevation deserts. Later, ecologists in
the Clementsian tradition would include edaphic as well as climatic conditions as
determinate of the climax plant formation [Tobey, 1981].

In any case, from time to time climax formations experience catastrophic exter-
nal disturbances  voleanic eruption, wild fire, flood, wind storm. There follows a
series of plant formations until the climax is reestablished. Clements [1916] called
this process “suceession.” Moreover, he viewed this process as a kind of organis-
mic development, an ontogeny. It was the climax “sere” that he believed to be a
highly integrated superorganism. Ecology is the study of its anatomy, physiology,
and metabolism.

The developmental study of vegetation necessarily rests upon the as-
sumption that the unit or climax formation is an organic entity. As
an organisim the formation arises, grows, matures, and dies... . Fur-
thermore, cach climax formation is able to reproduce itself, repeating
with essential fidelity the stages of its development. The life history of
a formation is a complex but definite process, comparable in its chief

features with the life history of an individual plant. [Clements, 1916,
p. 2|

Clements's study area was the prairie just at the time it was being settled by
FEuropean- American agriculturists [Tobey, 1981]. Clements minimized the ecolog-
ical significance of the indigenous peoples of the Americas, providing the scientific
authority for Marshall doing so in service of wilderness preservation. In regard to
“Indian tribes,” to Clements (1936, p. 253], “it seems improbable that the total
population within the grassland ever exceeded half a million . .. while the influence
f)f fires set by the Indians was even less significant” than “effects from overgraz-
ing and trampling” by bison. And “[a]s to forests, those of the Northwest were
still primeval and in the east they were yet to be changed over wide areas by
lumbering and burning on a wide scale” [1936, p. 253]. To Clements, European-
Americans represented an artificial, external disturbance that not only destroyed
climax formations but that also disrupted and forestalled the process of succes-
sion back to climax. Thus, from this Clementsian point of view, there appears
a .shnrp distinction between “natural” and “artificial” ecological conditions. The
climax formation and the several successional seres leading up to it are natural.
Anthropogenic landscapes created by European settlers are artificial.
) Most. ecologists in the first half of the twenticth century remained under the
mﬂm.‘n(*(' of Clements's theories [Tobey, 1981]. Many may have rejected his meta-
.physncal idea that ecosystems were super()rganisrns; but fcw doubted his teleolog-
ical coneept of ecological succession, terminating in a climax community, which
[()‘(l*rsmtvd,‘ unless and until destroyed by some external disturbance. Few doubted
$ +Same successional series capped off by the same climax commu-
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nity, if only human beings armed with modern technology would leave it alone.
Leopold too remained enthralled by this ecological myth. He wrote:

The Wisconsin land was stable ... for a long period before 1840 [the
year “settlement” began]. The pollens embedded in peat bogs show
that the native plants comprising the prairie, the hardwood forest, and
the coniferous forest are about the same now as they were at the end
of glacial period, 20,000 years ago. Since that time these major plant
communitics were pushed alternately northward and southward .seve.ral
times by long climatic eycles, but their membership and organization
remained intact. Thus in one northward push the prairie oane reached
nearly to Lake Superior: in one southward push the Canadian forest

reached to Indiana. The bones of animals show that the fauna shifted

i ; " > ip likewi ained
with the Hora, but its composition or membership likewise rem

intact. [Leopold 1991, pp. 311 312]

THE MYTH OF CLEMENTSIAN EQUILIBRIUM ECOLOGY DEBUNKED
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nity, if only human beings armed with modern technology would leave it alone.
Leopold too remained enthralled by this ecological myth. He wrote:

The Wisconsin land was stable ... for a long period before 1840 [the
year “settlement” began]. The pollens embedded in peat bogs show
that the native plants comprising the prairie, the hardwood forest, and
the coniferous forest arc about the same now as they were at the end
of glacial period, 20,000 vears ago. Since that time these major plant
communities were pushed alternately northward and southward several
times by long climatic cycles, but their membership and organization
remained intact. Thus in one northward push the prairie once reached
nearly to Lake Superior; in one southward push the Canadian forest
reached to Indiana. The bones of animals show that the fauna shifted
with the flora, but its composition or membership likewise remained
intact. [Leopold 1991, pp. 311 312]

THE MYTH OF CLEMENTSIAN EQUILIBRIUM ECOLOGY DEBUNKED
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an ill-defined, accidental assemblage of opportunistic organisms that are adapted
to similar environmental gradients - -such as soil pH, moisture, and temperature.
Gleason was pretty much ignored during the first half of the twentieth century,
but, beginning in the 1950s, his individualistic paradigm began to be vindicated
(Curtis and MeclIntosh, 1951; Whittaker, 1951; 1967]. By the last quarter of the
twentieth century it had triumphed over the Clemensian super-organism paradigm
[Melntosh, 1975).

Presently, the modern more generally Clementsian “balance-of-nature” paradigm
in ccology has been succeeded by a postmodern neo-Gleasonian “flux-of-nature”
or “shifting” paradigm [Pickett and Ostfeld, 1995]. (I call it “post-modern” be-
cause, as Bryan G. Norton explains more fully in his chapter, putative ecological
entities, such as biotic communities and ecosystems, if not socially constructed
by ecologists, can no longer be regarded as having a robust ontological status in-
dependent of their investigation by ecologists.) What appeared to Clements and
most of his contemporaries to be well-defined, self-regulating ecological units of
various types, each with its tightly integrated complement of species, now appear
to be ever-shifting mix-and-match collections or aggregates of species populations,
interacting catch as cateh can. Such assemblages or collections change gradually
over time, stochastically, as new species chance to arrive and old ones leave. There

is no fixed end-point or telos, no self-replicating climax community, which is the
destination of successional change.

Inherently dynamic biotas are, moreover, subject to routine disturbances, each
of which, depending on the spatial or temporal scale of reference, is incorporated
into the system [Pickett and White, 1985]. For example, at a spatial scale of 1,000
hectares and a temporal seale of twenty years, fire in a mixed hardwood forest in the
Upper Midwest is an abnormal and external event. But at a spatial scale of 100,000
hectares and a temporal scale of 200 years, fire in such a forest is “incorporated.”
With the postmodern shift in ecology from the balance-of-nature to the flux-of-
nature paradigm, we have added disturbance regimes to energy flow and nutrient
cycling as fundamental processes occurring in ecosystems. At appropriately chosen
scal(ts, some human disturbances—widely scattered shifting agriculture in moist
tropical forests, for example- -may also be regarded as incorporated [Sloan and

Padoch, 1988]. Michael Soulé (1995, p. 143} sums up the current worldview in
ecology quite bluntly:

T].“‘ idea that species live in biotic communities is a myth. So-called bi-
otic communities, a misleading term, are constantly changing in mem-
bership. The species occurring in any given place are rarely convivial
Tl(‘ighb()rs; their coexistence in certain places is better ex‘plained by
individual physiological tolerances. .. . Current ecological thinking ar-
gues that x}at,ure at the level of local biotic assemblages has never been
homeostatic. .Therefore, any serious attempt to define the original state
of a community or ecosystem leads to a logical and scientific maze.



Scales for Postmodern Ecological Restoration 307

What is the upshot for classical ecological restoration if there is no such thing as
the “original” condition of a site? The condition that Dane County, Wisconsin was
in at the moment European settlers saw it in the 1840s, to refer back to Leopold’s
classic articulation of the concept of ecological restoration, is but a snapshot in
its ever-changing ccological odyssey. Why seize on that condition as the norm
for restoration, rather than its condition at some earlier or, for that matter, later
moment?

THE COLONTAL WILDERNESS MYTH DEBUNKED

Any earlier moment might be just as choice-worthy a norm, but any later mo-
ment, an apologist for classical ccological restoration might counter, would not be
choice-worthy, because it would be an artificial condition. That invokes th(? wilder-
ness myth, the core assumption of which is that the preColumbian inhabitants of
North America were few in number and had no significant ecological impact. De-
mographers in the first third of the twenticth century, when Robert Marsl}all was
waxing eloquent. about the wilderness condition of the entire Western Hemisphere,
had underestimated preColumbian American Indian populations by a factor .Of
ten, because they failed to account for the disastrous effect of Old World dis-
eases on New World peoples [Denevan, 1992]. If there were ten times more people
here “when Columbus effected his immortal debarkation” than I\'/Iar.shall, Clemerllts
and their contemporaries supposed, the ecological effect of the indigenou® peOII:IeS
of the Western Hemisphere was proportionally greater than they supposed- 0:
were American Indians as ecologically passive as Marshall and Cloments fepf‘ffln
t?lem to have been [Kretch, 1999). American Indian cultural fire, cultur:l pric :r;
tion, agriculture, and irrigation had significant and on—goin‘g effects on fn:fl;ural
ecosystems. Charles E. Kay [1994] argues that the ecological effects ot ¢ L
Predation in North America have been seriously underestimated Sohmg; un:
that in the preColumbian period, elk were scarce in the Yellowstors, ¥ ;r; ne elk
bl recently, protected from both human and wolf predation, the Yellowsto

Population grew to pestilential proportions.
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that. paradoxically, the wilderness condition encountered by European explorers
and settlers of North America was itself artificial, created by the depopulation of
the continent after its (re)discovery by Columbus.

Leopold’s mention of the “end of the glacial period” raises another confound-
ing question. What happened to the mammoths, mastodons, camels, horses, and
all the more than thirty other genera of wildlife that were here 20,000 years ago
and which all disappeared suddenly at the Pleistocene-Holocene boundary, about
10.000 years ago? Increasingly, the finger points to Homo sapiens as the dark
angel of their extinetion in the Western Hemisphere [Martin and Klein, 1984].
Homo sapiens may have been in the Western Hemisphere before eleven or twelve
thousand years ago, but, as we well know from the European rediscovery of the
Americas, groups of Homo sapiens differ significantly from one another culturally
and, for that reason, also in their ecological impact. About eleven or twelve thou-
sand years ago, a group of Homo sapiens culturally adapted to big game hunting,
armed with Clovis spear points and atlat] throwing sticks, arrived in the hemi-
sphere from Asia [Martin, 1973]. In a few centuries thereafter much of the big
game they pursued was extinct. One alternative explanation of these extinctions
is, of course. sudden climate change [Grayson, 1977]. But the species that went
extinet this time had endured a series of glacial interstadials in which the cli-
mate had abruptly shifted from cold to warm. Another alternative explanation is
the “hyperdisease theory”: perhaps humans and /or their mammalian commensals
brought a new highly lethal pathogen with them that jumped species and killed
off the North American Pleistocene megafauna [McPhee, 1999). That conjecture is
analogous to the explanation of the decimation of American Indians by Old World
discases brought to the New World by Europeans. Nor is one explanation of an
anthropogenic demographic debacle exclusive of another. In addition to disease,
after all, American Indian populations were substantially reduced by genocidal
warfare and ethnic cleansing. Analogously, probably all three factors offered to
explain the mystery of the sudden Pleistocene megafauna extinctions in the Nearc-
tic worked in combination. Climate change stressed them out, disease decimated

their _populat.ions, and a new super-predator, the likes of which they had never
experienced before, finished them off.

} So how should we revise the picture of the ecological condition of the pre-
Columbian Nearctic painted by Marshall and Leopold? And what are the impli-
cations of this revision for ecological restoration? First, the Nearctic was more
dvnamic than the ecologists of their day supposed. And for ten thousand years
or so wao_rv the rediscovery of the Western Hemisphere by European peoples,
Homo sapiens was not a negligible ecological force. Sudden climate change, cul-
tural pr.e(.lation, and possibly pandemic disease suddenly and radically altered the
composition of the fauna of the Nearctic, shortly after the arrival of ‘the Siberian
big game hunters at the Pleistocene-Holocene };oundary. And by exerting unre-
lenting hunting pressure on the surviving fauna and setting fire to forests and
{{rasslands, Homo sapiens became a keystone species in the Nearctic [Kay, 1995].
Therefore, the pre-settlement condition of an area appears to be a questionable
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target or norm for ecological restoration. Indeed, if, as Denevan [1998] notes, Eu-
ropean settlers found the land in an abnormally fallow condition, such a condition
would be an aberration in an ever-changing, and, for thousands of years, a largely
anthropogenic landscape.

PLEISTOCENE PARKS?

Suppose we choose to think that ecological restoration should, indeed, aim to re-
store a site to its natural condition, and we choose to define its natural condition as
relatively free from human influence, as Malcolm Hunter [1996] suggests we O?ght.
But also suppose that we are persuaded by the “overkill” and “hyperdisease” hy-
Potheses that, hemispheric extinctions at the Pleistocene-Holocene boundary are
anthropogenic. Then what? Two promtinent thinkers register a bold a.nswer: Ba?k
to the Pleistocene. First, Michael Soulé [1990, pp. 234-235, emphasis added], in
il}ils 1989 presidential address to the Society for Conservation Biology, commented
at

many of the genera of animals that most conservationists woul.d COI}-
sider alien in North America were actually part of that continent’s
biota only moments ago in evolutionary time. Thirty seven gener;
(57 species) of large mammals ... went extinct just a few thousan
years ago in North America, whereas most of their plant prey sll;
vived. Some of these animal species still persist in the Old Worl(li\,I arltlh
many species of these genera could probably adapt to current North
American conditions if they were allowed to “return.” .For manyh' ; I
American ccologists, the psychological adjustment to blogeog.rg?t;d b;,
recombined communities will be painful, but it might be faci ah o
the realization that lions, chectahlike cats, camels, .elephanti’ lil)ortl;
saiga antclope, yaks, and spectacled bears are I‘latlve taxa :))f these
America that disappeared very recently. The remtroductlf)I;d or
large animals will be controversial, but I would not be surpris esquite is
someday that cheetahs are helping to control deer and that‘m 11‘11 such
being “overbrowsed” by rhinoceroses. A che“fffu_l way OflVI;Zar?tic of
faunal mixing is that it represents the restoration to the
the great paleomammalian megafauna. Soulé
7 Soule
There is a hint, of a tongue-in-cheek tone to Soulé’s “modest ?:ggfﬁlwide pool-
.th‘nk Considers what Aldo Leopold [1949, p- 217] lamented 23 2 ble we can spin it
8 of faunas and floras” to be inevitable. To make it 0Ore Pa.l ata e af;duna.” But
& “the restoration to the Nearctic of the great paleomammah;‘nf:”g( iti .
'S, Martin, the leading exponent of the “over kill hypt());clf.btl(;the Pleistocene
{ ;}vld A. Bum")’ ) expresses untempered enthusiasm for 2 [1999 p- 59, emphasis
a‘:;‘z;OdUCtion program. According to Martin and Burney ’
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In planning New World restorations, conservationists have endowed
large mammals of historic time with the exclusive status of hallmarks,
or flagships, overlooking the missing large mammals of the late Pleis-
tocene. The animals that the first explorers and settlers saw and wrote
about became incorporated in ideas of what constituted American wild-
ness. The viewpoint imposed by a “Columbian Curtain” is unrealistic
in cvolutionary time. The historic fauna lacks the largest and most
representative animals of the continent. Among the more common fos-
sits of the late Pleistocene, which was dominated by cquids, camelids,
bovids, and especially bones, teeth, and tooth plates of proboscideans,
only bison is represented.

Martin and Burney [1999] think big when they think about wildlife restoration.
The title of their article is “Bring Back the Elephants,” for that is how they suggest
we start the restoration to the Nearctic of the great paleomammalian megafauna.
They think big in another sense, in a temporal sense as well. The temporal scale
on which both Soulé and Martin and Burney think is “evolutionary time.” That’s
why their vision has something of a Jurassic Park feel to it. In fact, what Soulé
muses about and Martin and Burney seriously propose is the creation of a system
of Pleistocene parks in North America.

Soulé’s whimsical suggestion and Martin and Burney’s bold proposal were of-
fered up in two relatively small and isolated intellectual barrios. As noted, Soulé’s
remarks were made in passing during his wide-ranging presidential address to the
Society for Conservation Biology and subsequently published in Conservation Bi-
ology (the journal). Martin and Burney’s proposal was published in Wild Earth,
then a small, low-budget (and now defunct) journal, established by former affiliates
of Barth First!, most notably, Dave Foreman. The Martin and Burney proposal,
however, made its way out of the scientific backwaters and into the mainstream
midway through the first decade of the 21st century. Dave Foreman, co-founder
f’f Earth First!, later Executive Editor of Wild Earth and now head of the Rewild-
ing Institute, and Michael Soul¢, co-founder and past president of the Society for
Conservation Biology, joined Paul S. Martin, David A. Burney, and eight others
as co-authors of an article published in Nature seriously advocating a “Pleistocene
re-wilding”: “the restoration of large wild vertebrates into North America” [Don-
lan et al., 2005]. That article was favourably noticed a month later on the op-ed
page of the New York Times [Kristof, 2005].

. Iu e%ddit,ion to “restoring” its extinct genera to North America, the Commentary
piece in Nature offered, as a complementary rationale, the threat to elephants,
cheetahs, camels, and the like in the places where they currently exist -~ Africa
*“"d Asia. In (benighted, it was implied) Africa and Asia the authors allege,
without evidence or argument- -the prospects for these species to survive through
the tvs./('.nty-ﬁrst, century are dim; whereas in (presumably more enlightened) North
Am.erl(*-a they might be protected in Pleistocene parks and thus saved from global
extinction. Their 2005 Nature commentary was followed the next year by a fuller
eXposition in the American Naturalist by all the same authors [Donlan et al.,
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2006). Publication of that article was announced and summarized in a Science

News cover story [Jaffe. 2006]. Which, along with coverage of the more condensed

Nature article in the New York Times, took the idea out of the realm of closeted

?g(i)((e)nt]iﬁc musings into that of partisan public policy debate, as noted by Tim Caro
7).

A QUESTION OF SCALE

{\number of sceptics responded to the Pleistocene-parks proposal in subsequent
issues of Nature [Chapron, 2005; Dinnerstein and Irvin, 2005; Schlaepfer, 2005;
Shay, 2005; Smith, 2005}, most worrying that it would be a distraction from more
conventional conscrvation cfforts, both in North America and in the potential
donor countries of Africa and Asia. The most thorough brief against Pleistocene
rewilding was filed by Dustin R. Rubenstein, Daniel I Rubenstien, Paul W. Sher-
man, and Thomas A. Gavin. Their negative assessment is based on many con-
ilderations that range from the technical such as the genetic similarity of extant
proxy” species to extinet species, of Camelus spp- 10 Camelops spp. and of FEle-
phus mazimus to Mammuthus primigenius - to the social and political: if resxdfants
In sparsely populated rural arcas in the United States are hostile to reintrodu.ctlons
of grey wolves, how much more hostile are they likely to be to (re?)intro‘dl.lctlons of
Aftican lions and cheetahs, to say nothing of wild elephants? In my opinion, bow-
ever, the deepest, and perhaps for that very reason, the least articulefte m‘atter of
disagreement betwoeen proponents and critics of Pleistocene rewildi‘ng is a disagree-
ment about, the appropriate temporal and spatial scales of ecological r‘_ﬁtor_atlfm’
especially the former. Soulé and those who have followed him frame their thinking

i s . . ht
on an evolutionary temporal scale, while their critics frame theirs on what mxgbi-
(about which more shortly). These aré

gical temporal scale creeps

ed, the historical temp(?ral
found the ecological
dental—that is, the

Eﬁ)gc?cl El:l)ld ;:1‘ ‘f“()‘()gi(‘ﬂ.l temporal scale o
into thez;- . efined _t"‘"ll")ml scales. Another non-biolo,
iscourse in which this debate has been conduct
zcna:ileﬁigdd-ing to the confusion, some writers conﬂat(;1 lango(i:r(i?i
one ma /O‘nml t’("ml.)(nr;\l scales because they are roughly
Ps coextensively fairly well on the other. _— emporal
emporal scales are defined by processes. The macroevolutionary oy
;Craler\WhiCh Soulé and Martin and Burney invoke—is deﬁnid;)]);e iv:peciation
an(:icess?s’ such as, most notably. speciation and the mterv;l :ands D o and
oft Xtinction. Large mammals speciate slowly over tens oft Ol}ll'lstorica,l e apora
Scaelz .enduro as distinct species for several million years- t"I‘Oli s o the
int 18 defined by historical processes, such as t.he migratl O systems ,
erval between the establishment and disostablxshment o.f natl o tion o
B et such as the rise and fall of the Roman Empire and t ffs e e in
:cr OPeans to the Americas. The ebb and flow of historical processes &
t eages. and f"("m"”i(\\‘. The Soviet Union las.ted for appt
ited States has been around for a little more

imately seven
roxi y os and 2
QUarter: (o,

T, Christianity has been a historical phenomenon for

n two centur
ha than two

a little more




312 J. Baird Callicott

millennia. The ecological temporal scale is defined by ecological processes - such
as, most notably, succession and disturbance regimes. Like the historical temporal
scade, it iy measured in decades and centuries  the interval between fires in a
pine barrens or between Hoods on a river; the time it takes for an old-growth
forest to replace an abandoned wheat field. Look again at the italicized words in
the quotation from Martin and Burney. They in effect claim that the historical
temporal scale (“historic time™) is not appropriate for ecological restoration. Why?
Because it is arbitrary: and it has nothing to do with biological processes. Instead,
they suggest. the appropriate temporal scale is evolutionary (“evolutionary time”).
And. as Soulé hyperbolically notes, the megafauna extinctions at the Pleistocene-
Holocene boundary took place “only moments ago n evolutionary time”  that
is. relatively recently on the evolutionary temnporal scale, only eleven to thirteen
thousand vears ago.

But is the evolutionary temporal scale the appropriate scale for thinking about
ecological restoration? 1 don’t think so. We are, after all, struggling to make
sense of the concept of ecological restoration -in an ever-changing, dynamic land-
scape. long influenced by our own species. Thus it would scem to make more
sense to select the ecological temporal scale as the appropriate one for conceptu-
alizing ecological restoration. This temporal framing discrepancy--proponents of
Pleistocene rewilding framing the issue in evolutionary time, critics framing it in
ecological time  is the crux of their scientific disagreement. Donlan et al. [2005]
extol the successful rewilding of Przwalski’s horse and the Asian ass as examples
of what they are proposing to do with elephants, among other species, in North
America. Rubenstein ef al, (2006, p. 236] reply that

Small-[spatial]scale reintroductions of these and other endangered equid
species throughout, Asia, . . . appear to be working. Thesc are appropri-
ate reintroductions and the sort of rewilding that makes evolutionary
a'nd ecological sense because the time between the species’ extirpa-
tion and reintroduction has been short enough that neither the native

ecosystemms nor the animals themselves have changed [evolved] very
much.

TEI‘\I‘P‘()RAL SCALE AND THE PROBLEM OF SELECTING A
REFERENCE SYSTEM FOR, ECOLOGICAL RESTORATION

Eric Higgys [1997] is aware of the post-Cle
a rv,f(‘r.(‘,n('(\ system for ecological restoration, but scems to ignore it. By definition,
ecological restoration aims at recreating a past ccological condition. Restoration
sh‘()u!d not be confused with another kind of ecological engincering: rehabilitation
[Call‘m(?tt et al., 1999]. If an ecosystem has been radically and irreversibly altered,
a.nd 15 1n a dysfunctional condition, it might be rchabilitated by creating a func-
_nonal .syst.em of predator-prey dynamics more or less like of those in the past, but
involving a set of species different from those of the past. After the extinction of

mentsian ecology problem of identifying



Scales for Postinodern Ecological Restoration 313

several species of endemic deep-water ciscoes and the invasion of alewife and sea
lamprey, the Great. Lakes ecosystems were rehabilitated—how effectively is a mat-
ter of controversy by lampreyveide treatments and stocking Pacific salmon [Great
Lakes Fishery Commission, 1992] to prey on the alewife. According to Higgs (1997,
p. 343), “The goal of restoration is to reproduce by whatever means available a
predetermined historic or indigenous ecosystem. This goal inscribes the concept of
fidelity —that is, a quest to come as close as possible to restoring what existed on a
specific site.” By “what existed,” Higgs refers to the components, the species, that
existed on a site in the past. 1 understand “ecological restoration”—as do most
ecological restorationists and restoration ecologists—in compositional terms. I un-
derstand “ecological rehabilitation” in functional terms-—biomass production, 'tall
trophic pyramids, lengthy food chains and complex food webs, efficient m{trlent
eycling, soil retention and soil building, hydrologic modulation and purification. If
such past functions are recreated, but using a different set of species 'fr.om “what
existed” in the past, that’s rchabilitation, not restoration. In addition to t.he
thought experiment, another device employed by philosophers is the “stipulative
definition.” T stipulate that “ccological restoration” mean what it cor'nmonly does
mean to restorationists and laypersons alike: reestablishing the species that once
existed on a site; and 1 stipulate that “ecological rehabilitation” means recreatlgg
impaired functions that once existed on a site, if those functions are performed hy
a different set of species than those that once existed on a site. To re’Furn ;0 the
Great Lakes example; stocking Pacific salmon and chemically Contmunga; € 58
lamprey population is an attempt to rehabilitate not restOfe the Great : :-r "

But which ecological condition that existed on a specific site should be t et tigo ’
of true ecological restoration? There are many to choose from. In th;e q::,af:e o
that follows, as his usc of “so-called” indicates, Higgs [1997] 15 ke(?:'y es of the
What he calls “postmodern™ (i.e., post-Clementsian) ecology and critiqu
Wilderness myth. Nevertheless, he reverts to the classic norms:

A completely faithful restoration, presumably, is one that e’fa’cﬁly;a:;lk—
cates the ccosystem (i.e., the climax formation?). HypOthetlca ?ew the
ing, we could devise a test whereby ecologists Were askG-’d tOI‘f/ no dis-
so-called original ccosystem alongside the restored verSIOI;- t restora-
tinction could be made between them, this would be  peree tructure
tion... . A restored ccosystem must strongly resemble'the S1997 p-
and composition of the so-called natural ecosystem [Higes, ’
343, emphasis added] definition
| o abie defin
Higgs 1997, p. 3 43] admits that “There are several difficulties Wl;]’;ﬁ et(;nz(;t,ermiﬂable
o 'storation, not the least of which is the idea of nature 85 at the llind of ecosys
:ntlty' What vests us with the authority to make claims.aboult.es i
em to he restored ... 7" Here I try to overcome these difficultt

Questior, definiti f ecologic
nitively. s . the past norm Ior €

Selectod by 1ot ely. In short, the p v {empora sc
Scaleg o ic ecologiC

ales. Ecological

rence to ccological, not evolutionar N
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are also useful for accepting some anthropog




RN J. Baird Callicott,

appropriate norms for ecological restoration and rejecting others.

Hierarchy theory in ecology identifies multiple temporal scales at which eco-
logical processes oceur [Pattee, 1973 Allen and Starr, 1982; O’Neill et al., 1986:
Allen and Hockstra, 1992}, For example, nitrogen fixation by rhizobial bacteria
oceurs at a relatively rapid rate in comparison with ecological succession. Change
oceurs at all seales. However, we may regard the processes at the higher end of the
hicrarchy as relatively unchanging or stable if our interest focuses on processes at
the middle or lower end. For example, if we are interested in the population cycles
of North American arctic mammals, we may regard the latitude and elevation of
the boreal biotic provinees of the North American continent to be stable, even
though the North American plate is slowly drifting to the northwest and is still
slowly rebounding from the weight of the retreating ice that once thickly covered
its northern half.

S0 how does hicrarchy theory help us think coherently about ecological restora-
tion? It helps us at least to identify appropriate temporal horizons for locating
restoration norms or targets.! Holling (1992, p. 480] identifies “three approximate
scale ranges. ... each defined by a broad class of processes that dominate over
those ranges of scale. The microscales are dominated by vegetative processes, the
mesoscales by disturbance and environmental processes, and the macroscale by
seomorphological and evolutionary processes.” The geological and evolutionary
time scales, the scales on which continents migrate and species radiate, are too
big. The diurnal, seasonal, and annual time scales on which individual organisms
carry out their life processes, such as metabolism, growth, and development are
too small.

Taking our clue from Holling [1992},2 we might measure appropriate temporal
mesoscales for norms of ecological restoration by disturbance regimes-- the peri-
odic intervals between disturbances of a particular and regularly occurring kind.
For example, for coastal environments we might measure ecological time by the
periodicity of disturbance by hurricane-force winds; for riparian environments by
the periodicity of floods of various magnitudes, from seasonal fluctuation to the
hindred-year flood cycle; for upland forests and grasslands, ecological time might
be measured by the frequency of fire. Here, I am only trying to get a feel for
what gross range of temporal intervals or units are ecologically meaningful. Let
me make an analogy. In the course of a human life, some dynamic processes have
little meaning or relevance because they are either too fast or two slow. The rate
at whi(:h the Grand Canyon formed as the Colorado River’s rate of erosion kept
pace with the increased clevation of the plateau is too slow to register, and the
speed of the Krebs cycle is too fast. A human lifotime might be meaningfully

Tgo o D LT
For further applications of hierarchy theory to issues of ecosystem health, integrity. manage-

ment and restoration, see [Costanza et al., 1992; Peterson and Parker, 1998; Norton, 2005; Falk
et al., 2006]. , ' ‘

2For those familiar with Hollin
his characterization of micro,
Holling's more contentious th
so-called “adaptive cycle”

g's work, my use of [Holling, 1992] in this context focuses on
meso and macro scale ranges. In this paper | take no stand on
oses concerning statistical evidence for scalar “lumping”, or the
model of ecosystem dynamics.
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organized in half-decades and decades -a person’s infancy, childhood, teen years,
twenties, thirties, forties, and so on. Indeed, that is just the first scalar range that
Holling [1992] characterizes as “vegetative”; it might more inclusively be termed
the organismic scalar range. Now, what dynamic processes are meaningful and
relevant for ecological restoration? By reference to disturbance regimes, I suggest

we might meaningfully organize ecological time in terms of centuries.

THE CLASSIC NORMS OF ECOLOGICAL RESTORATION
SCTENTIFICALLY JUSTIFIED

o the Holocene—

So that narrows the target window for ecological restoration b
nic mass

to between one and one hundred centuries ago. After the anthropoge
megafaunal extinction event in the New World at the Pleistocene-Holocene bound-
ary, new ecological domains of attraction emerged which included the new primate
super-predator as a factor in all, and a keystone species in many [Holling, 1992]-
Other species  survivors of the ccological holocaust—adjusted to the new New-
W0rld order. Thus, we might justifiably select only Holocene, not Pleistocene,
biotic communities at a given site as targets for ecological restoration. That selec-
tion would be narrowed further by what we might term “ecological drift,” ar}al—
980us to genetic drift in evolutionary biology. Ecosystems change over ecological
time. They are, moreover, open to mutual influence from neighboring ecosyster{lS-
Selecting, as a target. for restoration, a more recent past condition at a given site
would auger better prospects for success and pose less risk of adversely affecting

neighboring sites.

' | . i i erns

Risk of irreversible adverse ecological consequences 18 one of the main cone o
1., 2006]. First, 15 it possible

:i 0Dp0nepts of Pleistocene rewilding [Rubenstein et a . ! fauna o0
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tions about static equilibria: self-perpetuating, undisturbed climax communities
(the “original™ condition); or prattling about “pristine,” “natural,” “wilderness”
conditions free of any significant human presence or influence.

Ecological restoration typically favors native species, so much so that to speak
of a restoration project consisting of an indiscriminate mix of native and exotic
speeies seems oxyimoronic [Jordan ef al., 1987]. Indeed, restorationists would not
only never think of deliberately employing exotic species in a restoration project,
they constantly battle invasive exotics in the on-going management of restored sites
[Egan and Glass, 1995]. But the distinction between native and exotic species is
often unclear. Here again, proponents and opponents of Pleistocene rewilding dif-
fer about what species should be regarded as native and what exotic. And once
again, the crux of their difference turns on the temporal framing of either party
to the controversy. According to Donlan et al. [2006, p. 664}, “Cultural conven-
tions dictate which taxa are regarded as native and which are not.” And Donlan
and Martin [2004, p. 268 insist that “From a genetic, evolutionary, and ecological
perspeetive, horses are native to North America.” On the other hand, Ruben-
stein et al. [2006, p. 236] insist that “adding these ezotic [horses among them]
species to current ecological communities could potentially devastate populations
of indigenous native animals and plants.”

One sees bumper stickers in Florida proclaiming the vehicle’s owner to be a
native Floridian. It plainly signifies that the claimant was born in Florida, and
is not one of the many immigrants to the state. If a native resident is a resident
that resides in the state where he or she was born, then by a native specics we
might mean one that is found in the biological province where it was “born”
that is, where it evolved. ‘or example, the several species of kangaroo are native
to Australia and exotics elsewhere. And kangaroos evolved in Australia, but not
elsewhere [Frith, 1969]. Donlan et al, [2005, p. 914] suggest that a species is native
to its place of evolutionary origin when they call North America “the evolutionary
homeland” of horses and camels. To insist, however, that a species is only a native
in its place of evolutionary origin seems unduly restrictive. Armadillos evolved in
South America and, when the Bolivar Trough disappeared and the Panamanian
land bridge rose about. three million years ago, they migrated to Central America
u:nd southern North America, where they are regarded as native [Marshall, 1988).
bmpv species, moreover, have evolved in one place, migrated to another, and gone
extinet in their place of evolutionary origin. Camelids and equids are examples
[Gauthier-Pilters, 1981]. They evolved in North America, but no wild populations
of camels (or llamas) have existed on that continent for ten thousand years; nor
had horses until ouly five hundred years ago. Few conservationists would argue
.fha_t a species long residing in a place in which it did not evolve, but long extinct
in its place of evolutionary origin, should cither be exterminated altogether or
(‘.xt(‘,rminat(,‘d in the place it is now tound and reintroduced in its place of evolu-
tl()l?ary.origin. Would any sober conservationist advocate eradicating zebras from
;)f(r):] d grt;]l(l;exi(::; d(;fr ar:‘,imoving an invasive exotic?. Pace D.o.nlan et al. [2095;

; stderations suggest, place of evolutionary origin, far from being
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a necessary condition of a species nativity, is not even a sufficient condition.

The concept of an exotic species is commonly delimited in terms of natural range
and dispersal [Randall. 2000]. In an Office of Technology Assessment (OTA) report
on harmful non-indigenous species in the United States, the following definition
of exotic is provided: “the condition of a species being beyond its natural range
or natural zone of dispersal” {U.S. Congress, Office of Technology Assessment,
1993, p. 53]. What “natural” means in this context is this: unaffected, directly
or indirectly, intentionally or unintentionally, by human agency. As the OTA
report makes clear, “natural range” means “the geographic area a species inhabits
or would inhabit in the absence of significant human influence” [U.S. Congress,
Office of Technology Assessment, 1993, p. 53]. Noss and Cooperrider [1994,. p-
392] are equally explicit: “species that occur in a given place, area, or region
88 the result of dircct or indirect, deliberate or accidental introduction of the
species by humans, and for which introduction has permitted the species to cross
a natural barricr to dispersal.”  This definition assumes the continued.cogency
of one important. clement. of the obsolete Clementsian ecological paradigm, tbe
sharp bifurcation of “man” and nature. The distinction between native‘ and exotic
species, however, is vitally important, not only to ecological restora.tlon, l.)ut to
.the whole of conservation biology. How can we preserve the distinction, without
invoking the scientifically indefensible segregation of human agency from all other
kinds of causation? .
and spatial scale help us
oxical native-exotic dis-
natives or exotics in
ot wildlife ecologists
9003; Rolston, 1998,

Once more, considerations of appropriate temporal
fsolve the otherwise ambiguous and sometimes parad
tinction. Take specific example. Are horses and burros
North America? Again, Pace Donlan et al. [2009; 2006}, mo
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Rubenstein et af., 2006; Soulé, 1990). But the genus Bquus ev"lvedtz 2006;
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and consider the horse in the context of reconfigured Holocene ecological relation-
ships, then the conventional conservationist wisdom that the horse and burro are
ceologically disruptive exotics in North America can be justified scientifically
and without ambiguity or equivocation. After the Pleistocene extinetions, which
included Fquus in North America, new ecological domains of attraction cmerged.
The sudden introduction of the horse and burro threw some of these into chaotic
oscillations. In time, of course, Equus may be reincorporated in the ecosystems of
western North America. But because ecological temporal scales are greater than
the organismic scales on which we gauge changes meaningful to us, the horse and
burro remain personae non gratis for contemporary conservationists and restora-
tionists.

[t should now be obvious that appropriate spatial as well as temporal scale
18 also cructal for distinguishing between native and exotic species. Every known
species Is native to some place on Earth. If our spatial scale of reference is global or
planetary, then every earthly species is native to every earthly place. What more
circumscribed spatial scale is appropriate for discriminating between native and
exotic species” The back-to-the-Pleistocene advocates also think too big spatially,
that is, they think in continental terms. Ecological spatial scales—patches, land-
scapes, biotic provinces  however are more appropriate, depending on the species
i question. Some wide-ranging “cosmopolitan” species are native to many biore-
gions on several continents. The wolf is a good example [Harrington and Paquet,
1982]. At the opposite extreme, some species are endemic, that is, native to only
a very restricted place. The Devil's Hole pupfish is a good example [Pister, 1974].
Considering intermediate spatial scales, the brown-headed cowbird, a nest para-
site, is native to North Aumerica, but an alien in many North Ancrican bioregions
[Brittingham and Temple, 1983]. Thus, for purposes of ecological restoration, it
should be considered a noxious exotic to be eradicated in those areas outside its
recent. Holocene range. The southern magnolia is native to Texas, but not to all
of Texas, a very large and ecologically diverse state [Wasowski, 1988]. Ecological
restorationists in southeast Texas would do well to plant the species in restoration
projects there, but not in those of other parts of the state.

. The concept of a “naturalized” species seems to be a cross between the concepts
of native and exotic species. According to Westman {1990, p. 252], “a naturalized
species is defined as one that has been present so long among its associates that
mutual coexistence (and dispersal) over a significant duration is demonstrated . ..
[but] it is unclear how long a species must be naturalized before it can be consid-
ered n:dtivv." What is abundantly clear is that Westman regards a species’ status
as nm.m‘, exotic, or naturalized to be determined not by reference to its place of
evolutionary origin or vector of dispersal, but by reference to time. It is equally
clear that both “present™ (in a place) and “signiﬁcant duration” in his definition
;)f .“nnturulizvd'" implicitly refer to ecological spatial and temporal scales. Besides
Pt 1 8 1 el s of ()
ation 1 teesenns hh()w(\ver) tfair_(‘(,v as native, an a‘ddltlonal’ ecological const er-

Y. 'Ver, o distinguish a naturalized species from a persistent
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noxious exotic. As Westman here indicates without elaboration, for a species to
qualify as naturalized also requires “mutual coexistence” with its adopted native
(and fellow naturalized) associates. A naturalized species, in other words, is a
wellestablished non-native that is also a well-behaved citizen of its adopted bi-
otic community. That is, at the very least, to qualify as naturalized a non-native
species must not displace or extirpate the native species in its adopted habitat,
either by competitive exclusion or depredation and, more positively, if it turns
ot to be of use as habitat or food for the fellow citizens of its adopted biotic
community, so much the better for its naturalized status. An example of natural-
ized species, so understood. provided by Westman [1990] are eucalypts in coastal
California. Although ccological restorationists are unlikely to try proactively' to
establish naturalized species, they may be more tolerant of them, in their on-going
management offorts, than they are of aggressive exotics [Westman, 1990]. Becausg
of the conceptual morass that we are led into by the concepts or native and exotic
(alien, non-indigenous) species, these concepts are gradually giving way to t'he con-
cept of “invasive” species  species that competitively exclude other species and
thus diminish biodiversity in the places they invade [Lodge and Shrader-Frechette,
2003]. '

Ecological restoration is an important component of the : "
conservation biology, the ultimate goal of which is the preservation of bio m?;
sity [Groom et al., 2006]. Without an acute sensitivity to consid'era'tlons. of spatlb
scale, however, management practices clothed in the mantle of b10d1ver§lty Igay_ €
misguided. For some have argued  self-servingly, one SUSPeCtS”th?'t intro ucmegt
&Xotic game species “cnhances” the biodiversity of host commgnltlgs [Tannerect
ol 1980]. But this is a specious argument when we consider bio@xversmy n Ir,esli o
to a hierarchy of spatial scales and levels of biological organizatlon. (.ilzait i: -
E:Il:lfomia, to take a case in point, had ()n.ly twelve natl've ﬁzlrlls'ptivcilce,as diverse

1€ to twenty-three [Moyle, 1989]. Thus its fish fauna is ne yl o s 0w
%0 its pre-Columbian Holocene condition. But the biota of C ear biodiversity
“mpositionally similar to many other aquatic communities, reducing b1

S diversity.
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.mUSt be femembered that sometimes the introductionv'»whether filrezx()tic pocies
;ntentional or unintentional of particularly invasive of aggressllggo W o such
i:tn dram'a tically decrease biodiversity at every scal.e [CObleI;lZy
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A SCALAR DISTINCTION BETWEEN PRE- AND POST-INDUSTRIAL
HUMAN DISTURBANCE

The contemporary “Hux of nature™ paradigm in ecology, however, raises more
findamental and more challenging questions for restorationists in particular and
conservationists in general. If human beings have been an ecological force on ev-
ery continent, except Antarctica. throughout the Holocene; if disturbance, both
anthropogenic and nonanthropogenic, has always heen frequent, violent, and ubig-
nitous: and it as a consequence, the landseape has always been a mosaic of ever-
shifting patches, why should we be concerned with ecological restoration at all?
The species composition of a given site has always been changing. What’s wrong
with the way things presently are? As Pickett and Ostfeld (1995, p. 273] note, “For
all its scientific intrigue, the Hux of nature is a dangerous metaphor. The metaphor
and the underlying ecological paradigm may suggest to the thoughtless and greedy
that since tlux is a fundamental part of the natural world, any human-caused flux
is justifiable.” T have given reasons why targets selected in reference to the evo-
lutionary time scale are inappropriate for ecological restoration; and I have given
reasons why more distant points in the ecological time scale are also inappropriate
targets for ecological restoration. But 1 haven’t so far given any reasons why very
recent points in the ecological time scale are inappropriate targets for ecological
restoration. In Dane County, Wisconsin, for example, why not ecologically restore
a retired farm, such as Leopold purchased in 1935, to its condition in the 1920s,
rather thao to its condition in 1830s {Meine, 1988)?

Fric Higgs {1996] hints at a scientifically defensible answer. What he calls
“good” ecological restoration should exhibit “functional success.” In general, ac-
cording to Higgs (1996, p. 343}, functional success is achieved when “biogeochemi-
cal processes™ in restored ecosystems “operate normally.” In other words, a target
criterion for ecological restoration should be a condition that Aldo Leopold [1999b]
called “land health” or a condition currently called “ecosystem health” [Costanza
et al, 1992]. Expressed in the terms stipulated above, a good restoration should
also rehabilitate a site. A site might be rehabilitated without being restored, by
establishing a suite of functional species that never existed there before. But a
site should not be restored without also being rehabilitated. The examples of bio-
geochemical processes, which may be normal or abnormal, given by Higgs [1996,
p. 343] are “Hushing rates. ion exchanges, and decomposition.” Leopold [1999b]
stressed rates of soil erosion. loss or gain of soil fertility, amplitude of variation in
stream How (the “Hashiness” of st reams), length of food chains, complexity of food
webs, and amplitude of variation in animal population cycles. The biogeochemical
pr()('(\ss'(‘s on unrestored sites affected by urban and suburban development, mod-
ern agriculture (especially industrial agriculture), and industrial forestry, unfortu-
natelyv. do not function normally, that js, they do not manifest land or ecosystem
health. Thus. “restoring” a retired farmstead to row crops and continuously grazed

Yastiires wi . ; i i i
pastiires v».o'uld not be appropriate or “good” ecological restoration; it would not
also rehabilitate it
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To counter the danger of the flux-of-nature metaphor and the underlying ecolog-
ical paradigm, Pickett and Ostfeld [1995] identify three general ethical limitations
on “human flux” in “the natural world” - physiological, historical, and evolution-
ary limitations. Industrial human beings challenge organisms with a suite of syn-
thetic molecules that they are not adapted to handle. That’s an example of the
physiological limitation. A given site may not have the seed bank to respond to a
historically unprecedented anthropogenic alteration, such as a strip mine or clear
cut. That’s an example of the historical limitation. Interrupting historical patterns
of gene flow within populations of species, by isolation, or by artificially providing
the opportunity for hybridization are examples of the evolutionary limitation.

Pickett and Ostfeld [1995] provide more general, scalar criteria for assessing
anthropogenic changes imposed on nature. They identify “two characteristics of 2
human-induced flux [that] would suggest that it would be excessive: fast'rate and
large spatial extent™ [Pickett and Ostfeld, 1995, p. 274]. For example, a bison herd
passing over a patch of prairie denudes and tramples the grasses and.forbS- The
effect might be compared to plowing. But the same prairie patch might not !)e
disturbed by a passing bison herd in the same way for a dozen years or more, while
annual plowing would be an example of an anthropogenic disturbance or'ﬁl{x a.t an
eXcessive rate  that is, of a temporal scale that exceeds the historical limitations
ofasite. To take another example, windfalls break up the continuity of fo‘rests. So
d? exurban real cstate developments. If such patchy anthropogenic clearings were
widely scattered in spatial distribution, they would not be ecologically problematic.
But if their spatial distribution reduces an otherwise continuous forest t0 all edget,
making it unfit habitat for interior obligates, then exurban real estate developmen

tcomes ethically reprehensible.

IS ECOLOGICAL RESTORATION HUBRISTIC?

: . i ible for us t0
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ological, historical, and evolutionary limitations. Human beings have for a hundred
centaries at least been part of terrestrial ecosystems everywhere except Antarc-
tica. Therefore, on-going restoration management should aim not at controlling a
landscape, but rather, as just noted, at simulating the well-integrated ecological
effects of the ecologically incorporated indigenous Homo sapiens  to the extent
that we can determine what they were, and to the extent that they did not exceed
the ecological imitations specified by Pickett and Ostfeld [1995]. And, of course,
restoration management should be adaptive, changing both its methods and goals
in response to experience [Holling. 1978,

Second, one of the elements of ecological restoration most emphasized by restora-
tion theorist William R. Jordan [1991] is the spiritual benefits it affords partici-
pants. The traditional wilderness idea either excludes people or relegates them to
the role of voyeurs, attempting to move through the landscape with minimal effect
[Plumwood. 1998]. The restoration idea provides a more active and meaningful
role for human participants as enablers and co-creators [Jordan, 1991}

SUMMARY AND CONCLUSION

Let me sum up what T have tried to convey here. At first blush ecological restora-
tion seems simple and easy in respeet to ends, however complex and difficult it may
be in respect to means, Ecological restoration should aim to recreate the original
condition of a site  that is, the condition of the site at settlement. In what may
be the first manifesto of ccological restoration, that is exactly what Aldo Leopold
[1999a] said it should be about [Meine, 1988).

This simple and easy understanding of the appropriate norm for ecological
restoration is premised on two myths that then prevailed--the wilderness myth
and the ecological-equilibrinm myth. Subsequent changes in cultural geography
and ecology have made ecological restoration more problematic than in Leopold’s
day. Homo sapiens has been a ubiquitous and ecologically significant species on
all continents except Antarctica throughout the Holocene. And the individualis-
tic Hux-of-nature paradigm in ecology has replaced the holistic balance-of-nature
paradigm. If nature is but a series of human-infiuenced, ubiquitously disturbed,

ever-changing landscapes, what moment. what snapshot from the past--should
we attempt to restore?

Some prominent conservationists have suggested that the norm for ecological

restoration in the Western Hemisphere should be the end of the Pleistocene period,
because Homo sapiens was not a significant species in the Western Hemisphere
u'mil the advent of the Holocene. The end of the Pleistocene, that is, is the last
time in which the Western Hemisphere was in a perfectly “natural” condition,
a truly wilderness condition. That conclusion pr(;supposo;s that the appropriate
temporal scale for ecological restoration is evolutionary time. [ suggest instead
tha‘t the appropriate temporal scale for ecological restoration is ecological time,
defined by the periodicity of ecological disturbances, by disturbance regimes. Cor-
respondingly, the appropriate spatial scale for ecological restoration should also
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be defined ecologically in terms of such units as landscapes and bioregions.

Ecological scales are more in accord with conventional intuitions about restora-
tion, which make the condition of an area prior to disturbance and conversion by
industrial Homo sapicns the target for restoration efforts. They are also useful in
coherently distinguishing hetween native, exotic, and naturalized species. Distur-
bances wrought by industrial Homo sapiens exceed the limitations of ecological
temporal and spatial scales. Finally. because Homo sapiens was a significant eco-
logical force in the New World throughout the Holocene, to be successful, New
World ecological restoration must simulate well-incorporated, preColumbian an-
thropogenic ecological disturbances, principally through prescribed burning and
regulated hunting. Such activities provide contemporary people with an opportu-
nity to interact meaningfully and positively with nature.
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