| ABALE HOW ARE ECOSYSTEMS STRUCTURED? |

Are ecosystems structured from the
top-down or bottom-up: a new look
at an old debate

Charles I. Kay

Abstract Whether ecosystems are structured from the top-down {i.e., predalor driven) or holtom-up
(i.e., food fimited) has been debated by ecologists for nearly a century. Many marine and
freshwater aquatic systems appear to be under top-down control, but less evidence exists
that predators have had a similar effect in terrestrial systems, especially those systems in-
volving large ungulates. Earlier research, however, omitted any serious discussion of Na-
tive Americans. Conltrary to prevatling heliefs, Native Americans were not conservation-
ists, and they had dramatic impacts on wildlife populations. Native Americans were the
uitimate keystone predator and the ultimate keystone species through activities such as
aboriginai burning. Moreover, the idea that North America was a “wilderness” untouched
by the hand of man prior to 1492 A.D. is incorrect, as recent population estimates indicate
that native people may have numbered as many as 100 million, or more, before they were
decimated by introduced diseases and other colonial processes. Until the importance of
aboriginal land management is recognized and modern management practices change ac-
cordingly, our ecosystems will continue to fose the biological diversity and ecological in-
tegrity they once had, even in national parks and other protected areas.
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Estcs (1993, 1990) recently discussed whether
eccosystems are structured from the top-down,
predator driven, or from the botrom-up, food- or re-
source-limited.  This debate has a long history in
vcology (Hairston ct al, 1960, Hunter and Price
1992), and its solution is critical if biologists are to
implement ecosystem management, especially in
national parks and other protected areas (Estes
1996G). Many marine and freshwater aquatic sys-
tems appcar to be under top-down control, but
there is less evidence that predators have a similar
effect in terrestrial systems (Estes 1995, 1996). Car-
lier studies, however, omitted any scrious discus-
sion of Native Americans, who, 1 suggest, were the
ultimate keystone predator (Mills et al. 1993,
Power ¢t al. 1996) that structured North American

ceosystems from ca. 12,000 before present (BP) to
. 1870, especially in the western United States
and Canada, where I have conducted most of my re-
search, My views challenge the conventional belief
that the impacts of native people on wildlife is
unimportant or that they were conservationists
{Arcese and Sinclair 1997, Vale 1998). Morcover, 1
suggest that througl practices like aboriginal burn-
ing, Native Americans were the ultimate Keystone
species, creating the very ¢cosystems that we now
consider "natural.” I present various lines of c¢vi-
dence and reasoning that support my hypothesis.
Becausc this is a synthesis paper, individual publi-
cations should be consulted for the methods that
were used in those studies and for the details of
their findings,
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Evidence historical and pre-
Columbian ungulate populations
were not food limited

There arc several lines of cvidence that suggest
fromi ca. 1750 to 1870 ungulate populations were not
food limited across the Intermountain West., These
include, but are not limited to, first-person historicil
accounts, photographs from ca. 1870, berry-utiliza-
tion data, and the abundance of beaver (Custor
canadensis; Kay and Wagner 1994; Kay and White
1995; Kay 1995b,¢, 1996D, 1997a.b,cd, f,g). In ad-
dition, archaeelogical data indicate that pre-
Columbian ungulate populations were not food lim-
ited (Kay 1990, 1994, 1997e; Kay ¢t al. 1994; Allen
1996; Truett 1996).

First-person bistorical accounts

During the early 1990s, there were an estimated
100,000 ¢lk (Cervirs elaphus) in the Yellowstone
ecosystem and an estimated 4,000 bison (Bison bi-
son) in Yellowstone National Park (Harting and Glick
1994). According to the National Park Service, these
large ungulate populations are assumed to be “nat-
ural”™ and to represent the “pristine” swate of the
ecosystem (Houston 1982, Despain et al. 1986), If
that were true, then carly explorers should have re-
ported an abundance of game. Berwecen 1835 and
1876, 20 different expeditions spent 765 days in the
Yellowstone Ecosystem, yert they reported seeing elk
only once every 18 party-days, and bison were seen
on only 3 occasions, nonc of which were in Yellow-
stone Park itself (Kay 1990). In addition, no one re-
ported seeing or killing even a single wolf (Carnts l1e-
prs), another indication that game was scarce (Kay
19956). Moreover, while the explorers were in Yel-
lowstone, their journals contain 45 references to a
lack of game or a shormage of food (Kay 1990). Re-
cently, Schullery and Whittesey (1992) published an
cxhaustive compendium of carly wildlife observa-
tions in Yellowstone, but their per-party sighting
rates were actually only half those reported in first-
person jourual accounts (Kay 1990).

Similarly, ¢lk are now the most abundant ungulate
in Banff National Park and other parts of the Canadian
Rockies. Berween 1792 and 1872, however, 26 dif-
ferent expeditions spent 369 days traveling through
the mountains on foot or rorseback yet reported see-
ing clk on only 12 occasions, or once every 31 parry-
days (Kay and White 1995). Thus, contrary to popu-
lar perception, first-person historical accounts pro-
vide no evidence that ungulales were once common
in the Intermountain West (Koch 1941, Rawley 1983,
Davis 1986, Allen 1996, Truett 1996).
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Historical photographs

Historical photographs can also be used to judge
the number of ungulates that oceupied areas in the
past and to determine whether those animals were
food limited. If ¢lk, for example, were as abundant
historically as they are today in various western na-
tional parks (Hess 1993, Wagner et al. 1995, Allen
1996), then favored forage species, fike aspen (Pofai-
{ns tremuloides) and willows (Sallx spp.), should
show that those communitics were as heavily
browsed during the 1800s as they are at present (Kay
1990, Kay et al. 1994, Kay and White 1993). If aspen
and willows depicted in historical images do not
show cvidence of repeated hrowsing, that would in-
dicate that fewer ungulates used the range in the past
and that factors other than food limited those herbi-
VOIES.

Ungulates in YeHowstone National Park have re-
portedly been food limited for many years under
what is termed “natural-regulation” management
{(Houston 1982, Despain ¢t al. 1980). According to
this paradigm, predsttion is an assisting but
nonessential adjunct o the regulation of ungulate
populations by food limitation.  [If wolves are pres-
ent, they will only take the ungulates siated to dic
from other causes, such as starvation, and, hence,
predation will not cause population declines of un-
gulates (Houston 1982, Despain ¢t al. 1986). In the
current debare over reintroduction of wolves 1o Yel-
lowstone, the Park Service has denied that wolves
are needed to control the park’s elk herds or that
wolves will have any significant impact on the num-
ber of ungulates (Boyce 1992, Kay 1990a). Instead,
the Park Service believes that it is natural for thou-
sands of ¢lk and other ungulates to starve to death
during winter, The agency contends that those ani-
nuls have always heavily impitcted the vegetation,
including high-lining conifers, which is now wide-
spread (Iouston 1982, Despain et al, 1986, Kay
1990).

Historical photographs, however, show no evi-
dence of ungulate browsing (Kay and Wagner 1994;
Fig. 1). In addition, photographs taken over time of
tall willows (n = 44) and aspen (2 = 81) indicate that
the areas occupied by those spectes have declined
95% since the late 18005 due to repeated ungulate
browsing, not other factors (Chadde and Kay 1988,
1991; Kay and Chadde 1992; Kav 19945, 1995¢,
19960, 19974, g; Kay and Walker 1997). Thus, ungu-
late high-lining of conifers and repeated browsing of
other woody vegeration represent a departure from
conditions that existed prior to the establishment of
Yellowstone National Park (Kay and Wagner [994),
Moreover, because conifers and other woody species



Fig. 1. Unbrowsed condition of aspen in Yellowstone Park during
the late 1800s. The aspen in this and other early photographs show
ne evidence of ungulate browsing, Repeated browsing has now
eliminaed the aspen shown here, i the foreground, Company D
of the Minresola Nationad Guard is on patrol—the military admin-
ietered Yellowstone (rom 18686 until 1916, when the National Park

Service was crpater.  Pholo {ca. 1893) by F. ). Haynes (H-3069),
countesy of the Momana Historical Society, Helena, Momana.

depicted in early images were 50-100 years old when
they were photographed and because they show no
evidence of ungulate use, this would suggest that
few, if any, eIk wintered in Yellowstone from the late
1700s through the 1870s (Kay and Wagner 1994),
Iistorical photographs taken in the Canadian
Rockics show the same pattern (Kay et al. 1994; Kay
and White 1995), as do photos taken ca. 1870
throughout the West (Kay 1997«; historical and re-
pcat-photo studies in progress for the Agric, Res.
Scrv., U.S. For. Scerv., and Ut Div. of Wildl, Resour.:
Kay and Walker 1997). Early photographs show no
cvidence of ungulate browsing, the exact opposite of
conditions toduy, especially in national parks and pre-
serves where ungulate populations are food limited.

Use of berries

Berry production and utilization data also sugpcst
that historical ungulate populations were low, Ethno-
graphic accounts and archacological studics reveal
that Native Americans routinely consumed large quan-
tities of berries, such as serviceberries (Amelanchier
alnifolia) and chokechcrries (Prunus virginiana,
Lowie 1909, Chamerlin 1911). In September 1869, for
instance, the Cook-Folsom-Peterson Expedition met
Native Americans who were gathering and drying
large quantities of chokecherries at the mouth of Tom
Miner Creck just north of Yellowstone Park (Haines
1963). The Washburn Expedition of 1870 reported
that near Yellowstone Park “we crossed a small stream
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bordered with black cherry trees [chokecherries],
many of the smaller ones broken down by bears, of
which animal we found many signs™ (Langflord
1972:13). Because shrubs have 1o be 22 m in height
before branches arc commaonty broken down by feed-
ing bears (Ursus spp), Yellowstone's chokecherry
plants in 1870 not only produced abundant berries,
but were apparently rather robust, tall shrubs.
Conditions today are quite different. Serviceberry
and chokecherry plants in Yellowstone now average
<50 ¢m tall and produce virtually no berries because
they are repeatedly browsed by clk and other re-
source-limited ungulates (Kay 1990, 1995¢). At the
Lamar-West exclosure on Yellowstone's northern
range, 100 protected serviceberry plants produced
111,047 berries, while 100 browsed plants produced
no berries, and 100 protected chokecherry planes
produced 212,178 berries, while 100 browsed plants
produced none (Kay 1995«,¢, 1997d).
Resource-limited ungulate populitions and jarge
quantitics of berries are mutully exclusive on west-
ern ranges.  Lven moderate numbers of ungulates
curtail berry production because those shrubs pro-
vide highly preferred forage, especially during winter
(Kay 1995¢). Ungulate-induced berry reduction is
cven reflected in grizzly bear (Ursns arctos) diets,
While bears in other ecosystems commonly consume
large quantitics of berries (Le Frane ct al. 1987), priz-
zlics in Yellowstone cat virtually none (Mattson et al,
1991; Kay 1995¢, 19974, ). In historic and prehis-
toric times, peoples in the West consumed large
quantities of berries; this suggests that ungulate pop-
ulations were small and that those animals were not
limited by food (Kay 1994a, 1995a,c, 1996H).

The abundance of beaver

Beaver also provide evidence that historical ungu-
late populations were not food limited. Millions of
beaver inhabited western North America prior to the
fur trade (Johnson and Chance 1974, Kay 19940).
Beaver commonly inhabited mountain streams, but
large numbers were also found along water courses on
the Canadian and United States prairics, especially in
Canada's aspen parklands. One Hudson Bay Company
fur brigade, for instance, caught 511 beaver from a
small northern Utah drainage in just 5 days (Kay
19948). To support these large numbers of beaver,
woody vepetation that beaver need for food and dam
building materials, like aspen, willows, and cotton-
woods (Populus spp.), must have been plentiful,
Morcover, those plants could not have been subjected
to repeated browsing by Targe numbers of resource-
limited unguiates, because those species are quickly
eliminated by high levels of herbivory (Keigley 1997).
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Yellowstone provides an excellent example of the
impact food limited ungniates have on beaver popula-
tions. During the early 18005, Russell (1963) spent
weeks trapping beaver on what is now the park's
nortlicrn range.  Even after Yellowstone was estab-
fished s the world's first national park in 1872, there
were hundreds, if not thousands, of beaver on the
northern range (Kay 1990, 19974). Today, however,
beaver are ccolegically extinct on Yeliowstone's
northern range because repeated browsing by the
park’s resource-imited ungulates has eliminated the
tall willows and aspen beaver need for food (Chadde
and Kay 1988, 1991; Kay and Chadde 1992; Kay
1997e; Kay and Walker 1997). Ungulate populations
have also had a negative impact on beaver in Rocky
Mountain National Park (Hess 1993) and in Banff Na-
tional Park (Flook 1964). Thus, if large numbers of
beaver were once common in the past; then ungulates
must have been limited by factors other than fooed.

Archaeological data

Archaeological evidence indicates that pre-Columbian
unguiate populations were also not resource limited, In
food limited intermountain systems, large ungulaces
such s elk, bison, und moose (dlces aices) conpetitively
exclude smaller, less efficient herbivores like deer (Odo-
coilens bemionus and O. virginfanus) and bighorn
sheep (Ovis canadensis; Cliff 1939, Cowan 1947, Flook
1964, Olmsted 1979, Parker et al. 1984, Telfer and Kelsal
1984). If pre-Columbian intermountain ungulate popu-
lations were food limited and native people rmndomiy
harvested those animals, then archaeologically recov-
erccd ungmiate faunal remains should be dominated by
¢lk, bison, and meose, whereas deer and bighom sheep
should be less abundant (Kay 1990, 1994a). The oppo-
site pattern, however, has been observed.

Of nearly 60,000 ungulate bones unecarthed at
>400 archacological sites in the United States and
Canadian Rockies, <3% were ¢lk, and only about 10%
were bison (Kay 1990, 19944, 1997¢; Kay et al, 1994,
Kay and White 1993). Only 1 moose bone has been
recovered in the western United States, an area now
inhabited by an estimated 23,000 moose (Kay
1997¢). Instead, at intermountain archaeological
sites in the southern Canadian and United States
Rockics, deer and bighorn shecp are the most fre-
quently recovered ungulates (Kay 1990, 1994a,
19934, 1987¢; Kay ¢t al. 1994, Kay and White 1995),
Even in the Greater Yellowstone Ecosystem, where
clk presenily constitute around 80% of the total un-
gulate fauna, ¢lk are mare o nonexistent in archaco-
logical sites (Wright 1984; Kay 1990, 1992, 19944).
Elk currently dominate ungulate communities in
Idaho's River of No Return Wilderness and in Ore-
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gon's Blue Mountains, but few clk bones have ever
been recovered from archaeological sites in those ar-
eas (Kay 1990), Similarly, elk now dominate the un-
gulate fauna in Banff, Jasper, Yoho, and Kootenay nit-
tional parks, but clk is among the least frequent un-
gulate species recovered from archaeological
remains (Kay et al. 1994, Kay and White 1995, Kay
1997¢). Similar situations occur in other western
states, including Arizona and New Mexico (allen
1996, Truett 1996). Bandelier National Monument,
for instance, now supports high densities of largely
resource-limited ek, yet only 9 elk bones have been
recovered from 45 archacological sites (Allen 1996).

Many ecologists harbor a mistaken belief that abo-
riginal diets were primarily meat (McCabe and Mc-
Cahe 1984, Reeves and McCabe 1997). Anthropolo-
gists, though, have long argued that native people
should more appropriately be called gatherer-hunt-
ers, instead of hunter-gatherers, because 290% of
most historic and prehistoric diets were non-ungulate
foods (Lee and DeVore 1968, Sahlins 1972). This was
especially true in the Intermountain West (Hunn and
French 1981, Wright 1984). According to optimal-for-
aging models, plant foods, small mammals, and fish
are lower maunked diet items (i.e., they provide lower
caloric return rates per unit time) than ungulates
(Smith 1983, Simms 1984, Smith and Winterhalder
1992y, which implics that, historically and prehistori-
cally, ungulate population levels were low; i.c., those
animals were not food limited (Kay 1990, 19944,
1997¢). Optimal-forging theory (Stephens and Krebs
1986) predicts that ungulates will be taken by aborip-
inal peoples whenever those animals are ¢ncoun-
tered; a dict of low-mnked items, such as that experi-
enced by Native Americans in the West for >10,000
years, indicates that high-ranked ungulates were rare
or absent (Smith 1983; Simms 1984; Broughton
1994q, 19948, 1995, 1997; Janetski 1997).

As noted above, elk in Yellowstone National Park are
food limited and now winter at densities of 20-40
clk/km? (Houston 1982, Singer and Norland 1994,
Singer etal. 1997). If this was true in carlicr times, opti-
mal-foraging models predict that aboriginal dicts should
have been neardy 100% clk, but archacological finds in-
dicate that was not the case (Kay 1990). Thus, it is likely
that few clk were actually available to prehistoric hunt-
ers and that today's ungulate populations are not repre-
sentative of pre-Columbian conditions (Kay 1994a,
1997¢). This was true in Yellowstone, and throughout
the Intermountain West (Kay 1994a, 1997e).

Furthermore, the condition of archacologically recov-
cred faunal remains supports the interpretation that pre-
Columbian ungulate populations were low (Broughton
1994a,b, 1995; Potter 1995). Most bone recovered
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from {ntermountain archacological sites is highly frag-
mented due to processing by the native peoples who
ieft those culmral deposits (Kay 1990); Le,, Native Amer-
icnns broke-up the bones and then exaracted the grease
via boiling (Lecchman [931; Vehick 1977; Binford
1978, 1981). Bone-grease processing, however, s la-
bor intensive and may have been done at a net loss of en-
crgy (Kay eral. 1994y, Thus, native peoples may have
been experiencing nuiritional stress, or at least a short-
age of critical animal fats (Binford 1978, 1981; Olson
1983; Schalk and Micrendorf 1983), swhich, in turn, in-
dicates that ungulaies were not abundant (Broughton
19944, b, 1995; Porter 1993). That bone-grease pro-
cessing was the nerm throughout mwuch of western
North America suggests that ungulate populations were
being kept at low levels by factors other than food limi-
ation (Kay et ul. 1994, Kay and White 1995).

Aboriginal overkill

Carnivore predation (Estes 19935, 1696; Kay 1996a)
and native hunting are factors that may once have lim-
ited ungulate numbcers. The presence of aboriginal
buffer zones, however, indicates that predation by
wolves and other carnivores was not the primary factor
limiting pre-Columbian ungulate populations, Hicker-
son (1965:45) noted that "Warfare berween members
of the two tribes had the effect of preventing hunters
from occupyving the best game region intensively
cnough to deplete the {deer) supplv... In the one in-
stance, in which a lengthy truce was maintained be-
tween certain Chippewas and Sioux, the buffer, in ef-
fect a protective zone for the deer, was destroyed and
famine ensued.” Lewis and Clark (1893:1179) noted
that “With regard to gamie in general, we observe that
the greatest quantities of wild animals are usually found
in the country lying between two nations at war.” Sim-
ilarly, Palliser (1909:266-267) reported that game on
rhe Canadian pmires was more abundant in aboriginal
bulfer zones: ... I must admit, we ran some risk of be-
ing surpriscd by an Indian war-party... As a2 general rule,
the more dangerous the country the greater the proba-
bility of finding [an] abundance of game, showing in
more ways than onc the truth of the old sportsmen’s
adage, the more danger the more the sport. This part
of the country is so cvidently the line of direction [de-
marcation} between the three hostile tnbes, that none
of thein dare venture into it for hunting, except when
driven to desperation by hunger ... Much therefore as |
eojoyed the [present] locality for 2 hunting camy, see-
tng buffalo on all sides, ¢lk fecding in the distance, angd
fresh deer tracks in every direction ... Boucharville [my
cuide] did not relish it at all, and began already to cal-
culate how soon we were 1o go away.”

Thus, historical sources indicate that aberiginal
hunting tended to extirpate or to drive-out game ani-
mals, and resource depletion around camps and vil-
Inpes has frequently been reported in studies of mod-
em hunter-gatherers (Smith and Winterhalder 1992,
Kay 19944). This pattern would be expected if people
pursued an optimal-foraging strategy with no effective
conservation practices. Tribal territory boundary
zones also cxplain how cuarly explorers could en-
counter an abundance of game in a few locations and
lack of game elsewhere (Steffian 1991, Hammett
1992). Many aboriginal buffer zones were 2200 km
wide, During the 1800s, for instance, all the land be-
nween the Yellowstone and Missouri rivers on the
Montana prairies was an aboriginal buffer zone, wherc
game was relatively more abundant (but not food lim-
ited), and native use was low due to constant warfiare
between the Blackfoot Confederation (5 tribes); the
Shoshone; the Crow; the Salish, Flatheads, and their
Kootenay allics; and the Stoux and their Cheyenne al-
lics (C. E. Kay, unpubl. data). Similarly, West (1995)
concluded that bison would not have survived on the
central Great Plains without aboriginal butfer zones.

In addition, the age of their respective kills indicates
that Native Americans were more efficient predators
than wolves. The more difficult it is for a predator to
capture a particular prey, the more that predator will
take substandard individuals and young (T'emple 1987,
Kunkel 1997). So, if 22 predators are preying upon the
same species, the least efficient predator will tend to
kill fewer prime-age animals (Okarma 1984). Whereas
wolves and other carnivores kill primarily young-of-
the-year and old animals, Native Americans killed
mostly prime-age ungulates (Stiner 1990).

Ungulates recovered from intermountain archaco-
logical sites invariably exhibit morality profiles dom-
inated by prime-age animals (Kay 19944, 19954,
1997¢), which suggests that Native Americans were
more cfficient predators than wolves or other carni-
vores (Stiner 1990; Fig. 2). Killing mostly prime-age
animals, however, runs contrary to any maximum
sustained-yield strategy (Hastings 1983, 1984) and
suggests that Native Americans hitd a major impact
on pre-Columbian ungulate populations, especially
when one considers that Native Americans also kilied
a disproportionate number of females, a preference
that runs counter to any conscrvation strategy (Kay
19944, 19954, 1997¢).

It is often claimed, however, that Native Americans’
religious beliefs prevented those peoples from
overutilizing their resources (Speck 1939; Nelson
1982, 1983), Native Americans tended o view wild-
life as their spiritual kin where success in the hunt
was obtained by following prescribed rituvals and
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Fig. 2. Age structure of unpulates killed by waolves and Native Amer-
icans. (A) Age of white-lailed deer (o = 48) killed! by wolves in Min-
reseta (Frits and Mech 19581). (B} Age of mule deer {n = 60) un-
eanned from the 4, 200-vear-ofd Dead Indian Creek archaeological
site in norbwest Wyoming just east of Yellowstone Park (Simpson
19841 Uniike camiveres, which lend 1o select prey ameng young
and old animals, Native Americans killed predominantly prime-age
ungulates—an indication that Mative Americans were more efficient
predators. Moreover, the deer at this archaeological site were killed
with spears or atlatls, which are less efficient hunting instrumenis tham
the bow and arrow that came into yse arcund 1,500 BF (Blitz 1988),

atonement after the kill (Feit 1987). A scarcity of ani-
mals or failure in the hunt were not viewed as biolog-
ical or ecological phenomena, but rather as a spiritual
conscquence of social events or circumstances
(Reeves and McCabe [997). I & Native American
could not find any game, it was not because his peo-
ple had overharvested the resource, but because he
had done something to displease his gods. Because
Native Americans saw no connection between their
hunting and game numbers, their system of religious
beliefs actually festered the overexploitation of ungu-
Iate populations (Kay 19944, 10954, 19960, 1997¢).
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Native hunters were opportunistic and tended to
take high-ranking unpulates, regardless of the size of
the prey populations or the likelihood of those ani-
mals becoming extinet (Alvard 1993, 1994, 1995;
Broughton 19944, 19946, 1995, 1997). Native Aner-
icans had no concept of maximum sustained yield
and did not manage ungulate pepulations to produce
the greatest offtake. [n addition, human hunting and
predation by carnivores are generally additive and
work i concert to reduce ungulate numbers (Wal-
ters et al. 1981, Kunkel 1997). Moreover, competi-
tion from carnivores would have tended to discour-
age any possible ungulate conservation practices
(Kay 1994a, 1995a, 19960, 1997¢). Because Native
Americans could prey-switch between trophic levels
to small animals, plant foads, and fish, they could
hunt their preferred ungulate prey to low levels or
extinction without having an adverse effect on hu-
man populations. In fact, once Native Americans
killed off most of the ungulates, human populations
rose (Hawkes 1991, 1992, 1993).

Although the demonstrmtted lack of ¢lk and other
ungulates in archacological sites may at first appear
to refute the aboriginal overkill hypothesis, the op-
posite is true. Optimal-foraging theory (Smith 1983,
Simms 1984, Smith and Winterhalder 1992,
Broughton 1997, Jancetski 1997) predicts that high-
ranked items, like elk and other ungulates, are more
susceptible 1o overexploitation than low-ranked
items, such as plant foods, smafl mammals, or fish,
According to optimul-foraging medels, high-ranked
items will seldom appear in the diet if they are being
overexploited (Broughton 19944, 19940, 1995,
1997). So, ungulate species unearthed with the low-
est frequency in archacological sites, such as moose
and elk, were probably subjected to extreme overex-
ploitation (Kay 1994a, 1997¢),

Birkcedal (1993) reported that Native Americans,
armed with no more than spears and hunting dogs,
once kept grizzly bear populations at very low levels
throughout much of Alaska, and Taulman and Rob-
hins (1990) suggested that native hunters limited the
distribution and abundance of the 9-banded armadillo
(Dasypus novemcinctus) in the southern United
States. Morcover, aboriginal cffects were not limited
to terrestral communities. Broughton (1997), for ex-
ample, found that Native Americans had a significant
impact on the population of white sturgeon
(Acpenser transmontanusy in San Francisco Bay, and
Hewes (1973) and Schalk (1986) sugpested that abo-
riginal fishing had a detrimental effect on the number
of salmon in the Columbin Basin.  Avchacological in-
formation also indicates that native hunters signifi-
cantly reduced pinniped populations along the Cali-
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fornia and Oregon cousts (ildebrandt and Jones
1992, Jones and Hildebrandt 1995 and that native
peoples had a sjgnificant effect on freshwater and ma-
rine shellfish populations (Botkin 1981). Adler (1970)
found that the eastern box turtle (Terrapene car-
clina) was eliminated from many arcas by aborigmal
peoples.

There are, however, exceptions to aboriginal overkill.
According to predator-prey theory, prey populations
will increase if they have a refugium where they are safe
from predation (Tavlor 1984). Therclore, ungulates
that could cscape ahoriginal hunters in time or in
space were more abundant.  Moreover, refugia do
not have to be complete o be effective. Partial refu-
oia also enable prev populations to survive (Taylor
1984). This may explain why Iarger numbers of un-
fulates existed on the Great Plains and in the Arctic.
By undertaking leng-distance migrations, bisen and
caribou (Rargifer tarandns) were able to outdis-
tance many of their human and carnivorous preda-
tors (Bergerud 1990, 1992; Kay 1994a, 19954,
19900, 1997¢); however, even migeatory ungulates
histerically were not food limited.,

Aboriginal populations

Ahoriginal populations were also much larger than
commonly believed.  Until recently, it was thought
that only about 2,000,000 natives inhabited North
America prior to the arrival of Columbus (Stannard
1989, 1992). Dobyns (1983), however, postulated
that native people, who were attempting 1o ¢scape
Spanish cxploitation in Cuba, fled to Florida in ocean-
going canoces and brought European-introduced
smallpox with them to the mainiand during the early
1500s. This and other diseases, to which aboriginal
inhabitants had no immunological resistance, then
ravaged native people, reducing aboriginal papulit-
tions by 290% before the Pilgrims Ianded at Plymouth
Rock. Subsequently, Ramenofsky (1987), Smith
(1987), and Campbell (1990) tested Dobyns' hypoth-
esis using the archacological record and concluded
that ca. 1550-1600 a major collapse of native popuia-
tions had occurred in North America—100 to 200
years prior to direct contact of Europeans with native
people in many arcas, especially the Intermountain
West; i.e., Buropean diseases were transmitted from
native group to native group across all of North
America—termed pandemics. Based on this and
other evidence, it is now believed that in 1492 there
may have been as many as [00 million native people
m North America with perhaps an even rger num-
bee in South America (Stannard 1992). Although
Dobyvns' hypothesis is still debated (Snow 1995%), in

general, estimates of pre-European native popula-
tions have steudily been revised upward,

There was no “wilderness,”  In {act, the idea that
Norihh America was a "wilderness” untouched by the
hand of man before 1492 is a myth, @ myth that may
have been created, in part, o justify appropriation of
aboriginal lands and the genocide that befell native
peoples (Dencvan 1992, Gomez-Pompa and Kaus
1992, Simms 1992, Cronon [995), Morcover, there is
no ¢vidence that native people ever purposefully lim-
ited their populations to avoid envirenmental im-
pacts or thit, if they tried, they were successful (Co-
hen 1977, 1989 Cohen and Armciagos 1984; Blurton-
Jones 1986, 1987; Diamond 1992f; Smith and
Winterhalder 1992), As resource use intensified over
the last several thousand years, a parzllel increase in
the violence within and berween prehistoric soci-
ctics occurred (ue, people were fighting over scitrec
resources; Lumbert 1997,

The Serengeti myth

Ecelogists and wildlife biologists often cite
Alrica’s Serengett as an example of how North
Amcrica must have looked before it was despoiled
by Furopeans (Frank ct al. 1998). It has been
claimed, for instance, that Yellowstone National
Park is the last remnant of North America’s
Serengeti (Anonymous 1996). Today's Serengeti,
however, Is not a natural ecosystem, nor is it a vi-
gnette of “wilderness™ Africa. Tnstead the Serengeti
is a romantic, European, ethnocentric view of how
“primitive” Africa should have fooked (Adams and
McShane 1992): one of the first things that coleninl
governments did when they created Serengett and
other African national parks was te forcefully re-
move all of the indigenous peoples, Hominoid
predators, however, have existed in Africa for 23.5
million years, and it is thought that Homo sapiens
evolved in Africa about 100,000 vears ago (Shreeve
1995, Tattersall 199%). Thus, I suggest that here is
nothing more unnatund than an African ecosystem
without homineid predators; the Serengeti, there-
fore, is not a “natural™ ecosystem nor is it an exam-
ple of how Neorth America teemed with wildlife be-
fore the arrival of Columbus.

In all the ecological studices that have been done on
the Screngeti, native people have rarely been men-
tioned, or il they have, it has usually been in the pe-
jorative sense, as “poachers” (Sinclair and Norton-
Griffiths 1979, Sincluir and Arcese 1995). Simulation
models have indicated that Serengett's wildlife popu-
lations will collapse if present levels of “poaching” in-
crease by 10% (Sinclir and Arcese 1995:617-637). |
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would suggest. however, that this may simply be a
case of native people exercising their aboriginal rights,

The 60 million bison myth

Similarly. it is often claimed that nearly 60 million bi-
son roamed the North Amercan plains until decimated
by advancing Eurepean civilization (Roe 1951). That
G0-million figure, though, wis based on maximum car-
rving capacity {i.c., food limited) and made no al-
lowance for cither the impacts of camivore predation
or mative hunting (Roc 1951). Shaw (1993) recently
questioned this interpretation, and Geist (1994), con-
cluded that the factor driving bison evolution, ccology,
and behavior for the last 12,000 years was hunting by
native peoples. Both Shaw (1999) and Geist (1996) re-
vised bison popuiation estinnues downward to 10-15
million animals, but I believe thay number is still too
high (Kay 19964).

fFirst, bulfer zones, berry usge, and beaver populations
on the praines all suggest diat early wildlife populations
were not food limited. Sceond, widespread burning of
the priries in historical and pre-Columbian tmes, pro-
vides another line of evidence that large numbers of re-
source-limited bison did not inhabit the plains. Early his-
toricad observations provide ample evidence that during
the Tate 1700s and carly 1800s, prairie fires often bumed
for davs, and single fires covered huge areas, often run-
ning for 100-200 km (Nelson and England 1971, Thomas
1977, Higgins 1986). Large numbers of ungulates and
large praine fires, however, are mutually exclusive be-
cause heavy grzing reduces standing plant biomass, pre-
vents the accumudation of plant linter, and creates dis
continuous fucl patterns, all of which prevent the
growth and spread of large fires (Norton-Griffiths [979,
McNaughton 1992, Hobbs 1996). If there were large
fires on the praircs (Nelson and England 1971, Higeins
1986) bison and other ungulates could not have been
food Emited. Fidler {(1990), who traveled with Piegan na-
tives during 1792-1793, reported virually no unburmt
ground on the Canadian prairies from the Oldman River
to Buckingham House, a distance of several hundred
kilometers, Fidler (1990) observed that most of those
fires had cither purposefully or accidentally been set by
native people.  Much of that burning, in fact, occurred
during winter when there was no lightning to start fires.

Circumstances were the same throughout the In-
termountain West, historically and prehistorically,
for many of those plant communities were also once
swept by frequent but low-intensity fires (Kay et al.
1994, Kay 1995¢, Kay and White 1995). This could
not have been true, though, if lirge numbers of food
limited unpulates had been present (Savage and Swet-
nam 1990: Touchan ¢t al. 1993, 1996; Swetnam and
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Baisan 1990). In Yellowstone, for instance, prazing
by resource-limited cik and bison has created discon-
tinuous fuel patterns that have changed historical
burning patterns and limited the spread of fires (Kay
1997g: Fig. 3). The area along Blacksail Creck was
overrun by wildfires in 1988, yet much of the range
did nort actually burn becavse ungulate grazing had
prevented thie accumulation of plant litter necessary
to carry fire through these prassiand communities.
Instead, 100- to 160-km/hour winds drove the fire
from patch of fucl to pateh of fuel in swales and on
north aspects where snow limited forage removal by
clk and other wintering ungulates. Ilistorically, Yel-
lowstone’s northern range had a fire frequency of
once every 25 years (Houston 1973), yet despite the
park’s “let-burn™ policy, virtually nene of the north-
ernt range has burnk in the fast 30 years, except for
1988, but that is thought to be a 100-300 year event
(Romme and Despuin 1989), and, thus, similar fires
could not have created the origingl fire-return inter-
val, Despain et al, (1936:109) suggested that the
park’s grasslands have fiiled to burn during the past
30 years because “lightning has chosen not to strike
very often on the northern range,” but that hypothe-
sis is not supported by data from the Bureau of Land
Management's Automatic Lightning Strike Detection
System which shows that, on average, lightning
strikes four times per km2 per year (Kay 1990:136-
137). Instead, the range docs not bum because the
park's feod limited elk and bisen have overgrazed
Yeliowstone's grasslands, unlike conditions in the
past when native hunting limited ungulate numbers,

The ultimate keystone species

Native people were not only the ultimate keystone
predator, they were also the ultimate keystone specics

Fig. 3. Ungulate-induced burn pattern in Yellowstone National
Park. Pheto by C. E. Kay.
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(Bonnicksen ¢tal. In press). The Americas, as first seen
by Europceans, had fargely been created by native peo-
ples. not crafted by nature. Native people modified
their environments in many ways (Bonnicksen et al. In
press). but T will discuss only competition berween
humans and wildlife for food and aboriginal burning.

Passeunger pigeon myths

Neumann (1984, 1983, 1989, 1995) has written ex-
tensively about nmative people, who, by consuming
certain foods, limited various wildlife populations.
His most interesting example involves the passenger
pigeon (EFctopistes migratorins), often cited as an ex-
ample of how pre-Columbian America teemed with
wildlife before Europeans drove that and other spe-
cies to extinction, But as Neumann (1983) has chron-
icled, native populations in pre-Columbian times
were so large that those people consumed most of
the nuts, fruits, and berries that pﬂss&nger pigeons
needed for food, Tt was anly after European diseases
decimated Native American populations, and thereby
freed the mast crop for wildlife, that the passenger pi-
geon grew to unprecedented numbers. Thus, the
large flocks of passenger pigeons that reportedly
darkened the skies during the 1700s and 1800s were
an artifact of the “American Helocaust™ (Stannard
1992), not an cxample of how America teemed with
wildlife beforc Europeans arrived.

Aboriginal burning

Native Americans also had a4 major impact on
ceosystems by repeatedly burning the vegetation.
They did this to modify plant and animal communi-
ties for human benefit and to increase productivity
(Pyne 1995). In California, for instance, native peo-
ples had 70 reasons for burning the vegetation (Lewis
1973}, and ¢ven in northern Canada, where the vege-
tation is less diverse, Native Americans still sct fires
for at lcast 17 different reasons (Lewis and Ferguson
1988). Although aboriginal burning has been widely
reported in the anthropological literature (e.g., Lewis
1985; Loyd 1986; Turner 1991; Pyne 1993, 1995;
Gottesfeld 1994), those findings have been largely ig-
nored by ccologists (Kay 1995a),

Derermining how fires started, though, is critical
because “fires set by hunter-gatherers differ from
(lightning] fires in terms of seasonaliy, frequency, in-
tensity, and ignition patterns” (Lewis 1985:75). The
majority of aboriginal fires were set in the spring, be-
tween snowmelt and vegetation greenup, or late in
the fall when buming conditions were not as severe
(Pync 1995). Unlike ligbtning fires, which tend 1o be
mfrequent and of high intensity, native burning pro-
duced a high frequency of low-intensity fires. Abo-

riginal burning and lightning fircs created different
vegetation mosaics, and in many instances, entirely
different plant communities (Blackburn and Ander
son 1993). Moreover, aboriginal burning reduced or
climinated the number of high intensity, lightning-
generated fires (Reid 1987; Pyne 1993, 1995). Once
aboriginal fires opened up the vegetation, then sub-
sequent lightning fires behaved like those scet by Na-
tive Americans (Pyne 1993, 1995).

Pleistocene considerations

Others, however, contend impacts of Nutive peo-
ple were insignificant because these were grazing
(i.c., food limited) systems during the Pleistocene
(Frank ¢t al. 1998), and, thus, intermountain plant
communities are preadapted o withstand high fevels
of lurge mammal herbivory (Burkhardt 1996). Ac-
cording to this view, there has not been a long
cnough period of time since the extinction of the
Pleistocene megefauna for plants in the West, and the
rest of North and South America as well, to adapt to
the [ow levels of ungulate herbivory caused by native
hunters Burkhardt 1996). However, this contention
is incorrect for at feast 2 reasons. First, 10,000 years
is more than encugh time for cvolution to work, and
second, systems during the Pleistocene were preda-
tor limited, not food timtited, as is usually assumed.

The rate of evolution depends not on time alone,
but on the intensity of sclection pressure (Weiner
1994). Lvolution can oceur quite quickly if natural
selection is intense. On the Iske of Jersey off the coast
of France, for instance, red deer (Cervus elephbus)
“hecame reduced to one-sixth of their body weight in
less than six thousand years™ (Lister 1989:539). On
other islands, various poboscideans evolved into
forms only 1-2 m tall in <10,000 years (Stuart 1991,
19933, Thus, sufficient time may have pussed since
the megafauna extincetions for plants to cvolve from
heavily grazed to lightly grazed forms, especially
since heavily grazed plant communities quickly re-
vert 1o other forms once herbivory is removed (Kay
1990, 1995¢, 1997¢; Kay and Chadde 1992).

Morcover, Pleistocene animals were termed
megafauna for a reason; they were huge. For herbt-
vores to obtiain large body size, however, they must
have more than adequate forage intake and nutrition
(Geist 1971, 1986, 19874, 19876H). Historically,
when herbivores reached islands and predators did
not, the herbivores invariably became smaller. The
reason red deer lost five-sixth of their “noemal” body
size on the Isle of Jersey was hecause they were be-
ing limited by food, not predation (Lister 1989). As
Geist (198706:1067) noted, "Istand dwarfs appear to




be shaped by efficiency [food] sclection in the ab-
sence of predation.” Thus, if herbivores had been
food limited during the Pleistocene, they would not
have achicved megafauna size.

Some authors believe that climate change-in-
duced food limitation drove the megafauna to ex-
tinction. QOthers contend that predation, and hu-
man predation in particular, caused the megafiuna
extinctions; not only in the Americas, but around
the world (Martin 1967, 1973; Martin and Wright
1967; Martin and Klein 1984; Flannery 1990, 1994,
Stwart 1991, Fisher (1996) recently tested the food-
extinction and predator-cxtinction hypotheses by
measuring dentinal growth lines in ca. 12,000 BP
proboscidean tusks, and found that prehistorie
mammoths and mastodons were well fed and had
been reproducing at near their maximunt theoreti-
cal rate, before they went extinct (Fisher 1996,
Ward 1997). Not only did native people structure
entire ccosystems for the fast [2.000 years, bui they
ulso may have caused the megafauna extinctions, as
well, and, theretore, might be considered rhe ulti-
mate keystone predator.

Management implications

Whether ecosystems are structured from the top-
down or the bottom-up s more than a theoretical
debiate because it will influence how we manage the
Earth's ecosystems, cspecially in preserves and
other protected areas (Dinmond 19924, Estes 1996),
Most national parks, wilderness arcas, and nanure re-
serves, for instance, are supposedly manged to rep-
resent the conditions that ¢xisted in pre-Columbian
times (i.c., so-catled natural or pristine conditions;
Arcese and Sinclair 1997). But what is natural? If
Native Americans determined the structure of entire
plant and animal communities by firing the vepeta-
tion and limiting ungulate numbers, among other
activitics, then that is a completely different situa-
tion than we have today (Martinez 1993; Wagner
and Kay 1993; Kay 1997«, 1997#). Thus, a hands-
off or “natural-regulation” approach by modern land
managers will not duplicate the ceological condi-
tions under which those communities developed
(Wagner ct al. 1995).

Native Americans were not only the ultimate key-
stong predator but also the ultimate keystone spe-
cies, whose removal has altered North American
ccosystems, even in protected areas. Unless the im-
portance of aboriginal land managemcont is recog-
nized, and modern management practices changed
accordingly, our ccosystems will continue to losc the
biological diversity and ccological integrity they once
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had. For, as Aldo Leopold noted >40 years ago, “if
we are serious about restoring (or maintaining)
ccosystemt health and ecological integrity, then we
must first know what the land was [ike to begin
with” (Covington and Moore 1994). Native Amcri-
cans owned, used, and modificd nearty all of the
New World for 212,000 years; to dismiss those peo-
ple as having had litle cffect on their environment
(Arcese and Sinclair 1997, Vale [1998) is in White's
(1995:175) words an act of “immense condescen-
sion.”

How nught these concepts apply to park manage-
ment? Under the Treaties of 1851 (Kuppler
1904:594-596) and 1868 (Kappler 1904:1008-1011),
various native people already claim hunting rights in
Yellowstone National Park. Thus, ! way to reduce
overgrazing in that park (Wagner ct al. 1993) would
be to honor the United States’ previous commitmettt
to Yellowstone's original owners and to allow them
once again o hunt in the park and surrounding areas
(Czech 1995, Kay 19974). Native people success-
fully managed Yellowstone and other North Ameri-
can ecosystems for at Ieast the last 10,000 years, and,
although they were not conservationists as that term
is commonly used, by keeping ungulate populations
low, Native Americans promoted biodiversity, which
is the hallmark of a keystone predator (Mills et al,
1993, Power ¢t al. 1996). Similarly, aboriginal burn-
ing will have 1o be reinstated if communities are to re-
tain their ecological integrity (Kay and White 19935).
And, finully, it should be remembered that allowing
nature to take its course under present conditions
(Arcese and Sinclair 1997), so called “natural-regula-
tion” or “hands-off” muanagement, is really a value
judgment and a4 decision that has wide-ranging con-
sequences (Wagner ¢t al. 1995), because areas that
today arc structured from the bottom-up are entircely
ditferent from the ecosystems that were historically
and prehistorically structured from the top-down
(Wagner and Kay 1993).
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