
V O L U M E  2 0  � N U M B E R  2  � F A L L  /  W I N T E R  2 0 0 0 11

Preventing adverse effects by wilderness programs is
already a grave concern in many areas, but information
about such effects was not available until four investiga-
tors began a study and collected data about the attitudes,
policies, and concerns of wilderness area managers
(Gager, D., J. C. Hendee, M. Kinziger, and E. Krumpe.
1998. What managers are saying—and doing—about
wilderness experience programs. Journal of Forestry
96[8]:33–37). The researchers sent eight-page question-

naires about policies, attitudes,
concerns, and preferred solutions
of problems to the supervising
administrators of 151 units in the
National Wilderness Preservation
System: 78 national forests, 49
units in the National Park System,
6 BLM state jurisdictions, and 18

national wildlife refuges. They excluded islands and areas
smaller than 5,000 acres where overnight use by wilder-
ness experience programs was unlikely. They received
responses about 144 (95%) units.

Two-thirds of the mangers felt that the use of wilderness
in their areas of responsibility was increasing. More than
a third thought use was growing 25 percent per year or
more. All the agencies required permits for use by wilder-
ness programs. Almost a third (29%) of the managers felt
that their agency policy was not sufficiently restrictive;
most (67%) thought theirs was just right; some (4%)
thought theirs was too restrictive. Managers in the USDA
Forest Service and the National Park Service tended to
think their agency policies were not sufficiently restrictive.
Bureau of Land Management and U.S. Fish and Wildlife
Service managers thought their policies were just right. As
many as 31 percent of the managers suggested that their
current policies were too ambiguous or incomplete or that
they did not know enough about the number or types of
wilderness programs using their areas. Another third
reported that their policies either were under revision to
be made more restrictive or wished their policies would be
revised.

The gravest reported problems created by wilderness
experience programs were establishment of new trails and
sites, overuse in already saturated areas, site impacts,
large group size, lack of wilderness stewardship skills and
knowledge, and conflicts with other recreation users.
Managers favor programs that promoted understanding
and caring for the wilderness resource over programs that
emphasized challenge, adventure, and personal growth.
Almost a third of the managers think the programs con-
flicts with other users. Managers want higher standards
and better compliance with regulations, certification of
program leaders, and liability insurance. Managers recog-
nize the benefits of the program to the participants but do
not think that the programs are wilderness dependent.

The survey revealed that communication and coordina-
tion among agency managers and wilderness experience
program leaders are needed to avoid misperceptions and
differences, and minimize the adverse effects by the pro-
grams, namely, to secure the benefits of wilderness for
present and future generations.

Selecting biological 
indicators for resource 
monitoring

Heavy visitor use in parks can cause unacceptable dete-
rioration of resources such as soil compaction, soil loss,
vegetation loss, disruption of normal nutrient cycles,
changes in hydrologic cycles, and changes in animal pop-
ulations. To identify biological indicators that measure
visitor effect and response of resources to management,
Arches National Park developed a Visitor Experience and
Resource Protection (VERP) plan that prescribes five steps
(Belnap, J. 1998. Choosing indicators of natural resource
condition: A case study in Arches National Park, Utah,
USA. Environmental Management 22[4]:635–42). (1)
Identified are vegetation types that visitors use most.
Compared are samples of vegetation and soil in affected
and unaffected sites. (2) Variables that differ significantly
between the compared sites are used as potential indica-
tors. (3) Site-specific criteria for indicators are developed
with information from previous studies and local experi-
ence, and potential indicators are evaluated with the cri-
teria. (4) The selected indicators are further examined for
ecological relevance. (5) Final indicators are selected and
field-tested, and monitoring sites are designated.

Indicators for monitoring annually in Arches National
Park were a soil crust index, soil compaction, and the
number of used social trails and soil aggregate stability.
Indicators for monitoring every five years were vegetation
cover and frequency, ground cover, soil chemistry, and
plant tissue chemistry. For monitoring, Arches National
Park was divided into zones that reflect various types and
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levels of visitor use. In these zones, sites that were affect-
ed most by visitors were monitored under the assumption
that these sites would best indicate compliance in the rest
of the zone. Monitoring sites were changed with changes
in visitor use.

The approach to indicator selection in Arches National
Park was time- and cost-effective. The identified indica-
tors were better than genetic indicators for different habi-
tat types, geographical locations, or use levels. The
process was effective for defining acceptable resource con-
ditions for different levels and types of recreation and for
providing management with clear, quantified directions.
Weaknesses of a plan like VERP are (1) the need for lead
time (2 years or longer) to survey habitats, develop a list
of potential indicators, determine ecological relevance,
and field-test the indicators; (2) staff expertise for the
assessments; and (3) time and money, constraints of
which may necessitate that measured variables are limited
to those that are clearly visible, inexpensive, and easy to
measure. The tiered approach of measuring some vari-
ables annually and other variables less frequently may be
an acceptable response to time and money constraints.

Global warming favors 
invasive species

Elements of global change include change in atmos-
pheric composition, greenhouse-gas-driven climate
change, increasing nitrogen deposition, and changing pat-
terns of land use that fragment habitats and alter distur-
bance regimes (Dukes, J. S., and H. A. Mooney. 1999.
Does global change increase the success of biological
invaders? Tree 14[4]:135–39). These elements can affect
species distribution and resource dynamics in terrestrial
and aquatic ecosystems. They can favor groups of species
that share certain physiological or life history traits. New
evidence suggests that many nonnative invasive species
are favored by conditions from recent global change. An
increase in the abundance of such species may alter basic
ecosystem properties. For example, many invasive nonna-
tive plants such as cheatgrass, kudzu, and Japanese hon-
eysuckle are favored by elevated levels of CO2. The stim-
ulated plant growth from elevated levels of CO2 may
increase fuel loading and under the right conditions
increase the frequency and severity of fires. Information
from experimental studies suggests that rising CO2 levels
may slow the process of succession in grasslands and
thereby increase the dominance of nonnative species in
many ecosystems. Most plants increase their water-use
efficiency if grown in CO2-enriched environments. If
under such circumstances the rate at which plants tran-
spire decreases, the soil beneath plants dries out more
slowly and where plant growth is limited by water, species

that can take advantage of the extra moisture may even-
tually prevail. The abundance of a native species, Hayfield
tarweed, in California seems to have increased from such
circumstance. But so did seemingly the invasive yellow
starthistle. The effects of elevated CO2 levels are however
not readily predictable because they may depend on other
factors such as local resource availability, photosynthetic
pathways of species, and competition by other species. 

Global warming from greenhouse gases is expected to
be most intense in winter at high northern latitudes.
Changes in global temperatures are also expected to
change precipitation regimes. Again, experiments revealed
that under some circumstances a short-term increase in
water availability can affect the long-term establishment
of nonnative species even after treatments are discontin-
ued. Long-term observations revealed that an increase in
annual precipitation in arid and semiarid regions of west-
ern North America could increase the dominance of inva-
sive nonnative grasses. On the other hand, global warm-
ing may decrease or shift the range of some nonnative
species. 

Observations suggest that climate change will affect
interactions among native and nonnative animal species.
For example, higher temperatures will favor the Argentine
ant to the detriment of native ant species and will decrease
habitat for cold, cool, and even some warm-water species.
Warm-water nonnative organisms that may expand their
ranges are the cane toad, largemouth bass, green sunfish,
and bluegill. Generalists that unlike specialists do not
depend on specific conditions will adjust better to chang-
ing environmental conditions. Invasive species are usually
generalists.

Nitrogenous compounds that are released into the
atmosphere by fossil fuel combustion, fertilization of agri-
cultural fields, and other human activities return to the
surface in precipitation and dry deposition and fertilize a
large and growing portion of the terrestrial biosphere.
Such nitrogen deposition disadvantages slow-growing
native plants that are adapted to nutrient-poor soils but
favors faster-growing plants such as grasses. The increase
of nitrogen deposition has already altered the species com-
position of heathlands and chalk grasslands in the
Netherlands. Nitrogen deposition may also have already
allowed the invasion of California coastal prairie by intro-
duced annual grasses.

Research is required to better predict the effects of glob-
al climate change on plants and animals. Experiments
must be designed that simultaneously reveal the effects of
global change on specific nonnative species and answer
general questions about invasion biology. S


