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I manage a park with Miocene 
mammalian fossil beds, and I suggest 
that paleontological and paleo-
eco log ica l i n fo rma t ion from 
throughout at least the past 20 mil­
lion years is useful to understanding 
m o d e r n ecosys tems (Knudson 
1999). Certainly we ought to under­
stand them throughout the 100,000 
or so years of the Wisconsinan pe­
riod of the Late Pleistocene, and 
certainly we need to understand the 
paleoecology of the last 15 to 25 
millennia in North America, the 
terminal Late Pleistocene and Holo-
cene period, when people were liv­
ing in the American hemisphere. 

Current NPS policies for manag­
ing wildlife are set forth in the 
agency-wide Management Policies 
(NPS 1988, chap. 4), which are con­
sistent with the Leopold Report 's 

recommendation (Leopold et al. 
1963) that NPS landscapes should 
generally represent pre-Euroameri-
can panorama (cf. Huff 1993, 1997; 
Sellars 1997; Wagner et al. 1995). 
The more recent Natural Resources 
Management Guidelines (known as 
NPS-77; NPS 1991) retain this ap­
proach. Natural and social science 
research are an integral element in 
support ing NPS natural resource 
management program planning and 
implementation. However, as Porter 
and Underwood (1996) have pointed 
out, NPS reacted to the Leopold Re­
port, and the various policies based 
on it, by seeking ecological con­
stancy rather than equilibrium. As 
NPS has developed new under­
standing of the fluctuations in natural 
processes and worked at developing 
more responsive resource manage-
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NPS Natural Resource Management Policies 
and Paleoecological Research 

if\ /"SJQ understand modern ecosystems and the wild life in them, and 
manage these and future ecosystems, one has to know about past 
ecologies and the complex interrelationships among their biologi-

J \~ cal, geophysical, and sociocultural components. In drafting its 
statement of ecosystem management within the National Park System (NPS 
1994), the National Park Service (NPS) recognized that "living things exist in 
complex, interconnected systems within a broad landscape" and that cultural 
systems are and have been part of ecosystems (NPS 1994, 5), though this is 
not clearly recognized in Halvorson and Davis's recent book Science and Eco­
system Management in the National Parks (1996). 
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ment programs, it has had problems 
communicating the value of the new 
concepts in contrast to the publicly 
understood goal of maintaining the 
status quo. 

NPS's 1993 sustainable design 
guidance (NPS 1993) includes re­
quirements for a basic understanding 
of natural behavior within an eco­
system, cumulative human demands, 
an initial definition of the acceptable 
limits of change, and routine moni­
toring and evaluation. Understand­
ing the dynamic nature of ecosystems 
over the past 100,000 years and for­
mally recognizing this in policy and 
guidance would add significantly to 
the Service's ability to plan and 
monitor its natural resource man­
agement activities and gain public 
support for those. 

Academic and government schol­
ars have been conducting paleo-
ecological research in the national 
parks throughout the past century, 
especially during its second half. 
Most of these paleoecological studies 
(e.g., Fryxell 1930; Heusser 1972; 
Mehringer 1977; Waddington and 
Wright 1974; Wright and Frey 1965; 
cf. Beaudoin and Beintjes 1994) have 
focused on biological or geophysical 
contexts, but there has also been a 
century of archeological and historic 
studies that provided paleoenviron-
mental data. These began on what 
were to be NPS lands as early as 
Bandelier's 1880 research at Pecos 
(Lee 1970; cf. Rothman 1989) and 
continue today with projects such as 

those by Kuehn (1995) and Fred-
lund and Sundstrom (1996). T o ­
gether, these constitute some of the 
most significant contributions to Late 
Quaternary studies. 

Until recently (e.g., Whitlock et 
al. 1991) NPS has not consciously 
incorporated the collected data into 
its natural resource management 
programs. The terms "geomorphol-
ogy," "paleoecology," "palynology," 
and "pedology" are not mentioned in 
the 1991 natural resource manage­
ment guidelines, and much less is 
there recognition of the baseline data 
available in cultural resource studies. 
NPS now recognizes that the system­
atic evaluation and synthesis of the 
known paleoecological data from its 
park units and their regional con­
texts, and programmatic collection of 
new data, is a critical element in 
managing the dynamic ecological 
communities within the agency's 
lands and waters. There is also an 
opportunity for the NPS, particularly 
in partnership with the U.S. Geo­
logical Survey's Geological Re­
sources, Water Resources, National 
Mapping (McClelland 1997), and 
Biological Resources (Selleck 1997) 
divisions, to provide leadership in 
building models for the practical ap­
plication of these scientific data 
about past ecosystems. The Sierra 
Nevada Ecosystem Project (CWWR 
1996) incorporated sociocultural, 
biological, and geophysical informa­
tion and evaluations into its man­
agement planning. Yellowstone's 
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northern range studies (YNP 1997) 
are a pivotal recognition of the inter­
relationships of the sociocultural, 
biological, and geophysical compo­
nents within ecosystems and the 
utility of diachronic information 
about all these relationships in wild­
life management planning. 

Climatic Change 
Over 110,000 Years 

We now have information about 
110,000 years of climate and climatic 
changes leading up to the present 
time in North America, including 
scientifically acceptable information 
about the presence of people in the 
American ecosystem in the Late 
Pleistocene. 

Radiocarbon ( C) dating of or­
ganic materials up to about 40,000 
years in age was introduced to the 
archaeological and geological world 
in January 1948 (Taylor 1987, 155), 
and our understanding of paleoecol-
ogy has developed immensely since. 
There is a variety of methods for 
dating organic and inorganic Qua­
ternary deposits and materials (Rut-
ter and Catto 1995) that provides us 
with chronological data to build 
models of past climates and ecosys­
tems. 

For generations people have been 
trying to figure out how climates and 
weather come to be, probably since 
people relied on hunted and gath­
ered wild foods and certainly since 
they began to rely on cultivated 
crops. In his introduction to the re­

cent publication on the COHMAP 
project (Coopera t ive Holocene 
Mapping Project; Wright et al. 
1993), Wright (1993) notes that it 
was Milankovitch's post-World War 
I computations of variations in the 
Earth's orbit around the sun that was 
the key to the scientific understand­
ing of climate and climatic variability. 
Milankovitch had documented the 
Earth's "precession," or seasonal 
changes in the Earth-sun orbital ge­
ometry due to solar and lunar gravi­
tational forces upon the Earth. When 
ocean cores and glacial features 
could be radiocarbon-dated, there 
was an apparent correlation of major 
climatic changes and the precession 
cycles. 

On the basis of this information, 
and with increased computer capa­
bilities, the CLIMAP (Climate Map­
ping, Analysis and Prediction) mod­
eling project was initiated in the 
1970s by a group of paleoceanogra-
phers. Computerized models of Mi­
lankovitch cycles were compared 
with ocean core data, and the CLI­
MAP reports proved to be strong 
evidence supporting Milankovitch's 
theories. In the late 1970s, the 
COHMAP project was initiated to 
model climates over both land 
masses and ocean bodies. COHMAP 
models include global January and 
July temperatures, surface wind/sea-
level pressures, precipitation, annual 
precipitat ion minus evaporation, 
wind speed, and surface storm tracks 
at 3,000-year intervals over the past 
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18,000 years (Wright et al. 1993). 
Broecker (1995, 1997), who has 
modeled the ocean's thermohaline 
circulation system, notes that it is 
very sensitive to freshwater additions 
and may be a key to global climatic 
shifts that can jump from one mode 
to another in a decade. Bryson 
(1988, 1993) has been a leader in 
modeling climate change in the 
Nor thern Hemisphere , and has 
highlighted the influence of volcanic 
ash in affecting solar budgets and 
weather patterns. It should be noted 
that not all scholars (e.g., Muller and 
MacDonald 1997) accept the pri­
macy of Milankovitch cycles in 
regulating glacial cycles, but the Mi­
lankovitch model prevails at present. 

Any model is only as good as the 
data supporting it. A problem linking 
the models and real-world data was 
pointed out recently in an overview 
of general circulation models by Sell­
ers et al. (1997), who note that the 
global carbon cycle is intricately 
linked to the physical climate system 
and that, therefore, radiocarbon de­
terminations must be calibrated 
against some other dating system to 
accommodate the climatic changes 
being documented (cf. Eglington et 
al. 1997; Freeman 1997; Schindler et 
al. 1997). 

Since the modeled C O H M A P 
data have been developed, research­
ers around the world have used dat­
able sediment core materials (e.g., 
pollen, dust, volcanic ash, inverte­
brates, soils) to test the hypothesized 

data triggered by precessional con­
cepts. Past paleoecological informa­
tion collection from national park 
lands is important to evaluations of 
these models, and new research de­
signed to provide a more systematic 
understanding of the paleoecology of 
individual park units would provide 
comparative information for testing 
the modeled hypotheses, as well as 
support more informed natural re­
source management planning and 
public education. 

In the 1990s, several deep cores 
were taken from the ice in Greenland 
(Zielinski and Mershon 1997) and 
Antarctica (Mayewski et al. 1996), 
and these give annual climatic data 
for the past 110,000 years. T h e 
Greenland GISP2 core and evidence 
from ostracod and disseminated or-
ganics and seeds in pluvial Lake 
Estancia, New Mexico (Allen and 
Anderson 1993), indicate significant 
climatic changes between 20,000 and 
13,000 years ago at decadal intervals. 

Researchers are learning a lot 
about global patterns, and are refin­
ing it and regionalizing it with data 
from specific landforms, cores, esti­
mated ice volumes, etc. Recently, a 
working group of zoologists and 
archeozoologists has developed the 
FAUNMAP database, collecting in­
formation on the fossil mammal fau­
nas from nearly 3,000 localities 
across the USA (Graham et al. 
1996). T h e data document that 
mammalian range shifts were a com­
plex response to climatic change, 
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habitat reorganization, biological in­
teractions, and stochastic events, and 
the researchers concluded that mod­
els for future change must rely more 
on individual species and their re­
quirements than on species associa­
tions. In complement, Pitelka et al. 
(1997) have used a COHMAP-like 
approach to model the distribution 
of plant communities over periods of 
climatic change, and comparison of 
these and the FAUNMAP data may 
aid in explaining faunal distributions 
over time. Holman (1995) has syn­
thesized the existing knowledge of 
Quaternary herpetofaunas in North 
America, and notes that no genera 
became extinct at the Pleisto-
cene-Holocene transition. The con­
cept that glacial cycles and related 
climatic changes have had a domi­
nant role in influencing vertebrate 
genetic adaptations during the Qua­
ternary is not supported by songbird 
genetics (Klicka and Zink), which 
document a five-million-year history 
of speciation. 

While the traditional U.S. profes­
sional archeological hypothesis is 
that people settled the Americas from 
Asia, bioanthropological documen­
tation of that is ongoing, and several 
scholars are questioning the hy­
pothesis (e.g., Bonnichsen et al. 
1995, 41-44; cf. Deloria 1995). The 
preponderance of the morphological, 
genetic, and mitochondrial DNA 
evidence collected to date from Na­
tive Americans supports an Asian-
origin hypothesis. Recent geological 

investigations at the archaeological 
Diring Yuriakh site on the Lena 
River in northeastern Siberia support 
dates of from 366,000 to 240,000 
years ago for humanly made chop­
pers and scrapers (Waters et al. 
1997, though see Rink 1997), which 
provides evidence of an adaptation to 
northern latitudes older than that 
which was previously believed. At 
this point, the possibilities are open 
as to the earliest movement of people 
into the Americas and what would be 
recognized as evidence of their pres­
ence. 

There is well-accepted archaeo­
logical evidence from the Monte 
Verde site in Chile (Dillehay 1997) 
that people were established in the 
Americas by 12,500 years ago. Na­
tive American population estimates 
in 1492 vary. Dobyns (1983) esti­
mates that the population north of 
Mexico then was 18 million, and this 
is generally supported by Ramenof-
sky (1987); in contrast Verano and 
Ubelaker (1992) estimate under 2 
million people. I am more comfort­
able with Dobyns' and Ramenofsky's 
research. 

Many of the local geophysical, 
biological, and cultural data continue 
to come from NPS lands and waters 
(e.g., Kuehn 1995; Romme and 
Turner 1991), and the relatively un­
modified properties could be an even 
greater source of paleoecological in­
formation to use in managing re­
sources and providing public educa­
tion. 
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Paleoecological Data 
Collection and Analysis 

We know North American eco­
systems of the past were dynamic, 
and that people were part of them 
from at least 12,500 years ago, and 
perhaps as much as 30,000 years. 
What are the methods of collecting 
information about what the past eco­
systems were like and how people, 
fauna, flora, weather, and Earth re­
sources interacted? 

Information can come from ar­
chaeological sites with associated 
paleoecological data, or from sites 
with no cultural evidence. In addi­
tional to the paleoecological infor­
mation, archaeological sites often 
provide direct evidence of human 
use of natural resources or the land­
scape. Physical remains that provide 
paleoecological information include 
the following: geomorphology and 
stratigraphy; soils, with humic acids 
for dating; pollen; malacology; plant 
macrofossils, including peat; verte­
brate remains; core materials, in­
cluding oxygen isotope data, dust, 
volcanic ash, and diatoms. 

Information is also available in 
historical records and archival mate­
rials, including comments from early 
Euro-American explorers, such as 
Lewis and Clark (Moulton 1983, 
1986-1993), Ogden (Cline 1974), 
and Culbertson (1952); artists and 
draftsmen such as Bodmer (Hunt 
and Gallagher 1984); and early 
photographers such as Curtis (An­
drews 1962) and Jackson (Hale 
1984). There are extensive com­

ments about vegetation and marker 
trees in the records of the General 
Lands Office that date to 1812 (since 
the 1940s, the records have been 
held by Division of Lands of the Bu­
reau of Land Management; see 
Harrison 1962). There are 6,000 
volumes of cadastral survey notes (a 
major source of vegetation data) and 
100,000 survey plats. There is also 
information about flora, fauna, 
weather, and landscapes in diaries 
and letters in local, state, and na­
tional archives (e.g., Bustard 1992). 

There is a wealth of natural re­
source information in ethnographic 
reports and frontier autobiographies, 
particularly those from the late nine­
teenth and early twentieth centuries 
when Native Americans were still 
practicing many of their traditional 
subsistence patterns (e.g., Schultz 
(1962) about life in the Northern 
Plains between 1878 and 1915; see 
also Glenn 1992). Schlesier (1994) 
has linked the prehistoric archeo-
logical record of the Plains to mod­
ern Native American tribes and 
groups, but these associations are 
tenuous given the amount of time 
which has elapsed and the sparseness 
of the data. 

NPS, Paleoecology, and 
Natural Resource Management 

In the past decade, especially 
since the 1992 Earth Summit in Rio 
de Janeiro, land managers and the 
general public have come to better 
understand the linkages among the 
geophysical, biological, and so-
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ciocultural components of ecosys­
tems and realize that few diachronic 
baseline data are available from 
which to monitor future changing 
conditions. Collection of such data, 
including its description as scientifi­
cally useful information, is labor-in­
tensive; the availability of computers 
has assisted in cutting analysis time 
and supporting more sophisticated 
linkages; still, the data first have to be 
collected. There is little immediate 
public return for data collection, and 
hence funds for it do not compete 
well with (for example) primary and 
secondary education programs and 
policing needs. Information about 
the past, especially the distant past, is 
often difficult to find—dynamic geo­
physical erosion and deposit ion 
processes have not left that many 
readily available and well-preserved 
deposits. There is no law protecting 
peat bogs and significant Late Qua­
ternary landforms, unless they are 
within managed public lands. Ar-
cheological sites with their embed­
ded paleoecological information are 
more frequently seen by land manag­
ers only as a compliance is­
sue—something that has to be in­
ventoried and treated in compliance 
with legal mandates before the real 
resource management activity can be 
accomplished. 

In 1997, the Institute for Envi­
ronmental Education's Annual Envi­
ronmental Forum was entitled "Re­
ality is What Goes on Between the 
Disciplines," focusing on the disci­

plines within the life and earth sci­
ences. I suggest that that paradigm 
be taken one step further, to look at 
what goes on among all the disci­
plines and constituencies that repre­
sent the major components of eco­
systems as that concept is defined by 
NPS (NPS 1994). 

Given the limited availability of 
funds, both within NPS and outside 
of it, we need to be smarter with what 
we have. 

Within NPS, there has been a 
great variety of projects that have 
collected paleoecological data. Here 
is a selection of references. The Si­
erra Nevada Ecosystem Project 
(CWWR 1996) included multidisci-
plinary information about traditional 
Native American land-use practices 
and ecological impacts ( C W W R 
1996; Anderson and Nabhan 1991) 
and historic settlement patterns. In 
Olympic National Park, e thno­
graphic, ethnohistoric, and archeo-
logical data have been used to under­
stand the distribution of mountain 
goats over time (ONP 1995; Schalk 
1993; Schultz 1994). T h e role of 
ancient hunters in Alaskan ecosys­
tems has been described (Birkedal 
1993). Various natural and cultural 
paleoecological data have been de­
scribed in Yellowstone (e.g., Ba-
rnosky 1994; Cannon 1998; Cannon 
and Phillips 1993; Conner 1991; 
Greiser 1994; Janetski 1987; John­
son 1997), but until recently (YNP 
1997) have not been integrated to 
provide a truly interdisciplinary dia-
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chronic perspective (cf. comments in 
Boyce 1991; Coughenour and Singer 
1991 ; G T N P N E R 1996; Singer 
1996). Lynott (1993) has collected 
natural and cultural paleoecological 
data for the Ozark National Scenic 
Riverways, and Richner (1993) has 
evaluated the role of Native Ameri­
cans in the Voyageurs National Park 
ecosystem (cf. Bonnicksen et al., 
forthcoming). I have described the 
various paleoecological data sets cur­
rently or potentially available for Ag­
ate Fossil Beds National Monument 
lands (Knudson 1999). There are 
dozens of NPS archeological reports 
available (e.g., Alex 1991) that in­
clude impor tan t natural paleo­
ecological information useful to 
wildlife managers. 

Paleoecological information has 
been collected from NPS lands for a 
century, and much of this can make a 
contribution to the agency's wildlife 
management by providing an inter­
disciplinary diachronic baseline. 
Several activities would support de­
velopment and use of this baseline. 

• Available specific and regional 
pa leoecologica l informat ion 
should be compiled and inter­
preted for each NPS unit by an 
interdisciplinary team. 

• Data gaps should be identified. 
• Missing information should be 

actively sought. 
• The use of interdisciplinary pa­

leoecological data should be 
supported by managers, without 

being bounded by traditional 
NPS barriers between natural 
and cultural programs. Th i s 
should include funding and 
staffing decisions and revisions 
to NPS- 77. 

• Managers and resource special­
ists at all levels should be trained 
in the use of multidisciplinary 
paleoecological information in 
developing current policies and 
programs. 

• As new multi-resource ecological 
data are collected, they should be 
integrated with previously col­
lected information and the whole 
combined with natural resource 
monitoring information to un­
derstanding developing proc­
esses. 

Under NPS's compliance with 
GPRA, the Government Perform­
ance and Results Act (Public Law 
106-62, 31 U.S. Code 1101; NPS 
1997a), NPS has developed a na­
tional strategic plan (NPS 1997b) 
and the natural resource stewardship 
and science program has its own 
strategic plan (NPS 1997c). At pre­
sent, none of these is consistent with 
the NPS draft ecosystem manage­
ment statement (NPS 1994), but 
each rather reflects the strong disci­
plinary-specific programs sustained 
in the agency's recent reorganization. 
NPS's GPRA response and current 
long-range planning do not provide 
opportunities for the kind of inter­
disciplinary integration of paleo-
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